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Introduction

The VID 64/80 is a versatile memory-mapped video display board
for the STD BUS.

Features of the VID 64/80 such as flexible screen format, pro-

grammable character size, alphanumeric and graphic characters,

and 2K on~board RAM make it easily adapted to a wide variety of
display requirements.

Regardless of the application, the features, flexibility and
dependability of the VID 64/80 make it a major asset in any STD
BUS systenm.



Overview

Although specific information about each of the VID 64/80 func-
tions can be found elsewhere in this manual, this section pre-
sents general information about the board and its capabilities.

The VID 64/80 is a "memory-mapped" video board, meaning that the
RAM on the VID 64/80 card (which holds the characters currently
being displayed) is part of the memory map of the computer sys-
tem. The VID 64/80's 2K on-board RAM can be read or written
like any other system RAM. Each RAM location corresponds to one
character position on the screen. Memory-mapped video boards
allow much faster display updating and more flexibility in han-
dling special display formats than I/0 mapped or terminal type
displays. The switch selectable addressing on the VID 64/80
board allows it to be placed on any 2K boundary in the 64K
memory map.

The heart of the VID 64/80 is a video controller chip (CRTC).
The CRTC generates the "sync" signals that control scanning of
the screen as well as reading the on-board RAM to continuously
refresh the display image. The CRTC can be programmed for the
desired number of characters per line and lines per screen.

In addition to programming the CRTC for the number of characters
per line (to the 64 or 80 character maximum) and the number of
lines per screen, the VID 64/80 provides manual controls (at the
board edge) for horizontal and vertical centering of the display
on the monitor. There is also a programmable control that
allows an increased space between lines for an easier to read
display. All of these features allow the VID 64/80 to be com-
pletely tailored to the monitor in use as well as the require-
ments of the application.

The VID 64/80 also allows a great deal of flexibility in its
character set. In addition to the normal ASCII set of alphanu-
meric characters, making the upper bit high will display any
character in reverse (black on white instead of white on black)
for emphasis. The 32 graphic characters contain symbols such as
thick and thin vertical and horizontal lines, right angles,
diagonals and semi-solids that can be combined to form shapes,
line drawings, boxes, bar graphs, etc. Graphic characters are
also available in reverse for additional display combinations.
The VID 64/80's greatest flexibility in character generation is
the ability to remove the Versalogic character generator ROM and
substitute a 2716 PROM programmed with a custom character set.
After including the standard alphanumeric characters, there is
room for 160 special purpose characters- enough for any applica-
tion.



Another feature of the VID 64/80 is the ability to expand the
entire display to 2X or 4X the normal size. This results in a
large, easily readable display that is ideal for status dis-
plays, testing/adjusting the hardware at a distance, commercial
message displays, etc. When this programmable feature is acti-
vated, any of the VID 64/80's characters written to the display
will be displayed in the expanded size.



Connection to the 3TD BUS

The VID 64/80 board requires only +5V (regulated) power and is
compatible with both 65/6800 and 8085/Z-80 type STD BUS systems.
The VID 64/80 "Wi" or "W2" jumper must be connected when it is
ugsed in Z-80 or 8085 systems (see Jumper Options).

When inserting the card in a STD BUS card cage, be certain that
the card ejector (pin 1 edge of the card) is aligned in the same
direction as other cards in the system. The VID 64/80 card edge
has a key slot cut between pins 25 and 27. It is recommended
that a matching key be installed in the motherboard connector to
prevent the card from being installed upside down.

The VID 64/80 board should be inserted or removed from the STD
BUS card cage only when the +5V power to the bus is off.

Output Connection

The output of the VID 64/80 board is a standard composite video
signal, designed to drive a 75 Ohm load. Connection between
the VID 64/80 and the video monitor(s) should be made with com-
mon 50-75 Ohm coaxial cable (such as RG59, RG58 or RG174).

After soldering the two pin socket connector (included) to the
coaxial cable it is easily connected to the two-pin header on
the VID 64/80 board. However, when the cable is connected to
the VID 64/80 board it must be oriented correctly. The signal
lead of the coaxial cable must connect to pin 1 (nearest the
card ejector) while the ground braid connects to pin 2.

Normally the cable from the VID 64/80 is not connected directly
to the video monitor, but is run a short distance to a panel
mounted connector. This provides convenient external access as
well as a sturdy connection point for the video monitor cable.

Note- The VID 64/80 also includes non-composite TTL level signal
outputs to drive OEM CRT display products. Refer to the VID 64/
80 schematic or contact the factory for further information on
these signals.



Board Address

The VID 64/80 board occupies a 2K byte block of memory which can
start on any 2K memory boundary. This 2K block contains both
the on-board video refresh RAM, and the video controller chip
registers.

The location of the video board is usually determined by the
requirements of the system monitor or video driver software
which will be used with the board. Consult the software or sys-
tem documentation involved for further information.

After determining the desired starting address for the VID 64/80
board, the binary values of the upper five address bits (A15~
A11) are set into the switches near the bottom of the board.
Bach switch is set to the left (off) for a "O" and to the right
(on) for a ™" value. The following chart notes switch settings
for all possible locations in memory.

The three remaining switches should normally be set as follows:
MX and AM - off, RV - on. See Switch Options for further in-
formation. -




VID 64/80 Board Address Switch Settings

Starting AUX CNTL
Address (Hex.) A15 A14 A13 A12 AN Port Address
0000 0 0 0 0 0 O7F8
0800 0 0 0] 0 1 OFF8
1000 0 0 0 1 0 1778
1800 0 0 0 1 1 1FF8
2000 0 0 1 0 0] 27F8
2800 0 0 1 0 1 2FF8
3000 0 0 1 1 0 37F8
3800 0 0 1 1 1 3FF8
4000 0 1 0 0 0 47F8
4800 0 1 0 0 1 4FF8
5000 0 1 0 1 0 57F8
5800 0 1 0 1 1 5FF8-
6000 0 1 1 0 0 67F8
6800 0 1 1 0 1 6FF8
7000 0 1 1 1 0 TTF8
7800 0 1 1 1 1 TFF8
8000 1 0 0 0 0 87F8
8800 -1 0 0 0 1 8FF8
9000 1 0 0 1 0 97F8
9800 1 0 0 1 1 OFF8
AOOO 1 0 1 0 0 ATF8
A800 1 0 1 0 1 AFF8
BOOO 1 0 1 1 0 BT7F8
B800 1 0 1 1 1 BFF8
Cc000 1 1 0 0 0 CT7F8
€800 1 1 0 0 1 CFPF8
DOOO 1 1 0 1 0 DT7F8
D800 1 1 0 1 1 DFF8
EO00OO 1 1 1 0 0 E7F8
E800 1 1 1 0 1 EFPF8
FOOO 1 1 1 1 0 P8
F800 1 1 1 1 1 FPE8

Note: O = off, 1 = on



Software Requirements

In order to use the VID 64/80, some type of interface software
or "driver" routine is necessary. Normally such a routine
accepts single characters from the system and displays them on
the screen one character after the next. This "video driver"
routine is responsible for handling cursor movement and other
chores such as scrolling the -display when it becomes full.

A relatively simple video driver routine for 8085/7Z80 systems is
included as an appendix to this manual. It can be used as is
for many applications, or the assembly language routines can be
modified or expanded for more complex applications. As written,
this routine initializes the board to a desired format (see page
2 of the listing), and implements the following control
functions:

Function Control code (hex)
Carriage return 0D
Line feed (cursor down) OA
Clear screen 0C
Cursor home o1
Backspace (cursor left) 08
Cursor up 1A
Cursor right 06

Systems which use the VersalLogic Z80 Smart Card as the system
processor already have an extended video driver routine included
in the on-board firmware and do not need any additional software
support for the STD VID 64/80 board. This video driver routine
which is built into the Z80 Smart Card includes the above con-
trol functions, plus normal or reverse character toggle, alpha
or graphic character set toggle, and character size change
commands.

If one of these existing video driver routines will not be used,
the following can be helpful in writing custom driver routines.

INITIALIZATION: Before the VID 64/80 can display anything, a
number of parameters must be written to the controller chip.
These parameters describe how many characters are in a line, how
many lines per screen, ete.

Rather than discuss the calculations involved in setting these
parameters, refer to the following Parameter Tables which allow
the VID 64/80 to be initialized for a number of typical formats.
Por complete details on parameter calculation, refer to the 6845
Data Sheet elsewhere in this manual. As noted in these tables,
the 28 1ine per screen format should normally be used for dis-
plays involving graphic characters. Formats with less than 28
lines have extra blank scan lines inserted between character
rows which don't allow graphic characters to interconnect for
contiguous lines, shapes, etc.




After selecting a screen format, a short routine is used to
write the parameters to the VID 64/80 board. A typical routine
contains a table of parameters and writes them to each register
by 1), selecting the next register (using the CRTC Register
Select port) and 2), writing the data (using the CRTC Data
port) to the register.

Once the VID 64/80 board is initialized it will retain the pro-
grammed format until the power is removed or the board is re-
initialized with another format. Initialization is not affected
by system reset.

USE. In use as an output device, the driver routine must map
each incoming character to its proper location on the display.
Since each location on th display corresponds to a particular
RAM location, this really amounts to writing each character to
the proper RAM location (on the RAM board).

The starting address of the board (hex 9000 for example) always
corresponds to the character in the upper left corner of the
screen. Writing hex 41 (the ASCII code for an "A") to location
9000 would make an "A" appear in the upper left position of the
screen. Location 9001 holds the next character on the line,
etc., thru the 80th character (assuming an 80 character board
initalized to an 80 character format). The 81st address (from
the starting location) appears at the left edge of the screen on
the second line. The video RAM is mapped in this pattern for
the entire screen- left to right on each line from the first
line at the top of the screen to the last line at the bottom of
the screen. Note that the number of RAM locations per line
corresponds to the number of characters per line that the board
has been initialized for. - Changing to larger characters (such
as 40 characters per line instead of 80 characters/line) will
alter the beginning address for each display line except the
first.

Changing to a new format (i.e., character size) can be done at
any time by re-initializing the control registers of the CRTC

chip. Refer to the Parameter Table for common format parame-

ters.

As noted in the following Character Code Chart there are 256
characters available for display. The first 128 characters are
shown on the chart, while the second 128 are identical inare-
versed (black on white rather than white on black) dot pattern.
A standard 2716 PROM chip is used as for character generation
allowing a custom character set to be substituted if required.

It should also be noted that two approaches can be taken to
cursor generation. TFTirst, the cursor character (hex 7F) can be
written into the desired screen location. Moving the cursor
involves removing it from the current location (writing a space
or other character in its place) and writing it at its new loca-
tion. Alternately, the CRTC chip can be programmed to generate
either a solid or blinking cursor using CRTC registers 10, 11,
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14, and 16. After writing to registers 10 and 11 (usually 60
and O7 respectively) to enable the CRTC cursor, the address
where the cursor will appear is written to registers 14 and 16.
The cursor location address is mapped in the same way as the RAM
display cells, but is relative to zero, rather than the starting

address of the board.



Parameter Table

Common Screen Formats for 64 Character Version Boards

Register 64 X 28%¥ 64 X 24 64 X 22 32 X 14%% 16 X T¥**

Number Format Format Format Format Format
0 5F 5F 5F 2F 17
1 40 40 ' 40 20 10
2 46 46 46 24 13
3 01 01 01 01 o1
4 17 (26) 1B (21) 19 (1E) OF (12) 07 (08)
5 04 (00) 08 (06) 00 (02) 04 (08) 04 (18)
6 1C 18 16 OE o7
T 1C 18 16 OE o7
8 00 00 00 00 00
9 o7 08 09 OF 1F
A 20 20 20 20 20
B 07 08 08 OF 1F
c 00 00 00 00 00
D ‘ 00 00 00 00 00
AUX CNTL 04 0oC 0C 05 06

Parameter Table

Common Screen Formats for 80 Character Version Boards

Register 80 X 25*¥ 80 X 24 80 X 22 40 X 14%% 20 X [***

Number Format Format Format Format Format
0 6F 6F 6F 37 1B
1 50 50 50 28 14
2 56 56 56 2C 17
3 01 01 01 01 01
4 17 (26) 1B (21) 19 (1E) OF (12) 07 (08)
5 04 (00) 08 (06) 00 (02) 04 (08) 04 (18)
6 19 18 16 OE 07
7 1A 18 16 OFE o7
8 00 00 00 00 00
9 07 08 09 OoF 1P
A 20 20 20 20 20
B o7 08 08 OF 1P
C 00 00 00 00 00
D 00 00 00 00 00
AUX CNTL 04 0C 0C 05 06
Notes:

A1l numbers are hexadecimal
(XX) Use these parameters for 50 Hz (European) applications.
* Use for graphic character displays
* % Double size characters
**% Quadruple size characters
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Character Code Chart

Versalogic Character Generator ROM (VID1)

The table below shows which character will be displayed for each -
ASCII (hex) value. Decimal equivalents are also listed. BEach
character listed can also be displayed in reverse (black on
white) by setting bit 7 high (add 80 hex, 128 decimal).

Decimal Hex Char. Decimal Hex Char. Decimal Hex Char.
0 o |4 20 14 0 28
1 1 [ 21 15 [ 41 29 )
2 2 < 22 16 l:) 42 2A *
5 3 (o 25 11 W] 45 2B+
4 s e 24 18 [ W 44 20,
s 5 O 25 19 [ 45 20 -
6 6 [ 26 1A @ 46  2E
7T | 27 13 Mg 41 2F
8 g8 | 28  1C E 48 30 O
s 9 [ 29 10 |4 49 31

10 r [ 50 12 N 50 32 2
11 B[] 51 17 @ 51 35 3
12 c L 32 20 52 34 4
13 D X 33 21 ! 55 35 5
14 E |\ 34 22 " 54 36 6
15 F / 35 23 f 55 37 T
16 10 36 24 % 56 38 8
17 11 37 25 % 57 39 9
18 12 S 38 26 & 58  3A

19 13 N 39 27 59 3B ;

11



Versalogic Character Generator ROM (VID1) Page 2

Decimal Hex Char. Decimal Hex Char. Decimal Hex Char.
60 3C < 83 53 S 106 6A
61 3D = 84 54 T 107 6B k
62 3E > 85 55 U 108 6C 1
63 3F ? 86 56 v 109 6D m
64 40 @ 87 57 W 110 6E n
65 41 A 88 58 X 111 6F o
66 42 B 89 59 Y 112 70 D
67 43 c 90 5A / 113 T Q
68 44 D 91 5B [ 114 72 r
69 45 E 92 5C \ 15 73 s
70 46 F 95 5D ] 16 74 %
71 47 G 94  5E t 117 75w
72 48 H 95 5F _ 118 76 v
73 49 I 96 60 © 119 T7 W
74 4A J 97 61 a 120 78 X
75 4B K 98 62 b 121 79 y
76  4C L 99 63 ¢ 122 TA  z
77 . 4D M 100 64 d 123 7B |
78 4E N 101 65 e 124 7 >
79 AF 0 102 66 f 125 7D <«
80 50 P 103 67 g 126 TE ~
81 51 Q 104 68 h 127 TP
82 52 R 105 69 i

12



Control Port Usage

This section details the use of the VID 64/80's control ports.
Although most of this information is not required for normal
video board use, it is included for those who want to use the
.~ VID 64/80 in unusual/custom applications.

AUX CNTL PORT

Referring to the Control Port Location section, it can be seen
that the AUX CNTL port uses six bits (DO-D5) for various control
functions. This is a "write only" port. Since the contents of
this port cannot be read by the processor, it is usually best to
keep a copy of this byte in RAM if many changes are expected to
the port during use. Changes to the AUX CNTL port become effec-
tive immediately and remain until another update (write) to the
port occurs. This port is cleared to zeros during power-up.
Each AUX CNTL port function is discussed individually below.

DO and D1 - CHARACTER SIZE. The lower two bits of the port
allow characters to be displayed at normal (X1), double (X2), or
quadruple (X4) size. For usable results, other parameters in
the system (such as number of characters per line) must be
changed when character size is altered. See the Parameter
Tables of screen formats for further information.

D2 - SCREEN BLANKING. Setting this bit low blanks the contents
of the display. Note that only the display output is affected;
the characters in RAM are not altered and will re-appear when
D2 is set to a one. Characters in VID 64/80 RAM may be altered
while the screen is blanked. Note that the AUX CNTL port is
cleared to zeros during power-up leaving the display in a blank-
ed state. A "1" is usually written to the blanking control as
part of the initialization process.

D3 - LINE SPACING. This bit is used to increase the blank space
between character rows. Normally (when D3 = 0) a single scan
line is present between character rows. This blank line is ac-
tually part of the dot pattern in the character generator ROM.
Although the alphanumeric characters leave this scan line blank,
the graphic characters do not respect this "dead space" and can
therefore produce continuous vertical lines, shapes, etec. Gra-
phic characters essentially operate with no spacing between
lines. D3 should remain set to zero whenever graphic drawings
will be used.

When only alphanumeric information is displayed, it is often

desirable to have additional blank space between character rows
for readability. The line spacing control bit (D3) can be used

13



in conjunction with the CRTC scan lines per row register (R9) to
add these extra blank lines. When bit D3 is set to "1", any
scan line greater than 7 will be blanked. Setting the CRTC re-
gister #9 to "8" would add one blank scan line. Setting regis-
ter #9 to "9" would add two blank scan lines between character
rows, etc. The line spacing bit (D3) may only be used with nor-
mal size (X1) characters.

D4 - VIDEO RAM LOCKOUT. This bit can be used to lock out all
the R/W access to the on-board RAM by the system CPU. It can be
used to prevent interference or "snow" which occurs in a rare
number of cases during regular (non-display oriented) process-
ing. The interference results from CPU address lines which
change very slowly or do not change together. This can cause a
momentary period where a valid video RAM address appears on the
address lines and refresh of the video display is interrupted.
If the RAM lockout bit (D4) is used, the video board will accept
data into RAM only when D4 is set to "O".

D5 -~ VERTICAL SYNC ENABLE. This bit is used to enable/disable
system interrupts at the start of every vertical sync (vertical
retrace) period. Note that the "IRQ" pads on the VID 64/80
board must be jumpered before this interrupt can occur (see
Jumper Options section). Vertical sync occurs approximately 60
times a second (50 times a second in Europe).

D6-D7 -~ These bits are not used by the AUX CNTL port and are
ignored during writing.

AUX STATUS PORT

The AUX STATUS port contains two bits which can be read at any
time. Reading this port does not interfere with the display
refreshing process. Data bits DO-D5 are not used and may be any
value when the port is read.

D6 - BLANKING. This bit will go low whenever horizontal or
vertical blanking occurs. It is high whenver display refresh
is taking place.

D7 - VERTICAL SYNC. This bit will be high for approximately

1 ms at the start of each vertical sync period. See AUX CNTL
PORT - D5 and the Jumper Options section for interrupt capabi-
1lity with this signal. This status signal is available at all
times and is not affected by the vertical sync interrupt enable
control.

14



CRTC REGISTER SELECT PORT

This write-only port determines which of the CRTC registers will
be accessed by the CRTC data port. The CRTC data port will con-
tinue to write into the same-register until a new one is select-
ed using the CRTC register select port.

CRTC DATA PORT

This port transfers data to the currently selected CRTC regis-
ter. The CRTC registers are normally used only for initializing
the VID 64/80 board. See Software Requirements- Initialization
and the 6845 Data Sheet for further information.

15



Control Port Locations

The port locations are shown below relative to the AUX CNTL port
address. The AUX CNTL port address can be found by referring to
the table in the Board Address section or by adding O7F8 to the

gtarting address of the

board. Examples are shown below for a

VID 64/80 board with a starting address of 9000 (hex).

Name Address Example R/W
AUX CNTL AUX CNTL +0O 97F8 Write
DO & D1 - Character size (see below)

D2 = 0 - To blank screen
D3 =1 -~ For extra spacing between lines
D4 =1 - To lockout video RAM access
D5 =1 =~ To enable vertical sync interrupts
D6-D7 - Not used
Note: All bits are cleared to O during power-on.
Char.
Size D1 DO
X1 0 0
X2 0 1
X4 1 0
N/A 1 1
Name Address Example R/W
AUX STATUS AUX CNTL +0 97F8 Read
D6 = O - During horizontal and vertical blanking
periods
D7 =1 - For 1 ms at start of vertical sync.
Name Address Example R/W
CRTC Register Select AUX CNTL +4 97FC Write

DO-D4 -
D5-DT7 -

Selects register for CRTC data port
access
Not used

16



Name Address Example R/W

CRTC Register Data AUX CNTL +6 97FE Write

DO-D7 - Writes data to selected CRTC register

17



Jumper Options

VERT. RETRACE INTERRUPT. The pads marked "IRQ" (in the lower
right corner of the board) can be jumpered to provide an inter-
rupt request during the vertical sync period at the end of each
screen refresh. Special applications may use this signal (which
lasts 1 ms at the start of the retrace period) to update the
display without the slight "snow" that normally occurs when wri-
ting to display RAM, or as a convenient 60 Hz (50 Hz Europe) in-
terrupt for keyboard scanning, time-keeping, etc.

Once jumpered, the Vert. Retrace Interrupt can be enabled/disa-
bled thru bit 5 in the AUX CNTL port. The Vert. Retrace Signal
(as well as a vertical/horizontal blank signal) is also availa-
ble in the AUX STATUS port.

WAIT CYCLE. Because the video controller chip on the VID 64/80
board requires a write cycle time greater than 400 ns., the mem-
ory write cycle must be lengthened when the VID 64/80 is used
with 8085 or Z-80 STD BUS processor cards. To insert a wait
cycle in each video controller chip access, jumper the pads
marked "W1" for a Z2-80 or "W2" for an 8085 in the lower right
corner of the VID 64/80 board.

18



Switch Options

ADDRESS. Switches A15-A11 determine the starting address for
the VID 64/80 board. PBach address bit is set to a "O" (off) or
"1* (on) as needed. See Board Address for further informa-
tion.

MEMORY EXPANSION. The switch marked "EX" allows use of the VID
64/80 board in the secondary or expanded portion of the memory
map in systems which use the MEMEX bus line. Most systems do not
use this feature and require the MX switch set to the left (off)
position. This setting enables the board when MEMEX is low.
Note: A jumper option is available which allows the VID 64/80 to
appear in both portions of expanded memory maps. Contact the
factory for further details.

REVERSE VIDEO. The switch marked "RV" allows the entire screen
image to be reversed (black on white) for special applications.
For normal use the switch should be set to the right (on) posi-
tion.

AIM-MATE SYSTEM USE. The switch marked "AM" allows the VID
64/80 to be used with the AIM-Mate expansion series for the AIM
65 computer. When used in AIM-Mate systems the switch should be
set to the right (on). For use in all other STD BUS systems,
this switch should be set to the left (off).
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MOTOROLA

Semiconductors

#3501 ED BLUESTEIN BLVD., AUSTIN, TEXAS 78721

'MC6845

Advance Information

CRT CONTROLLER (CRTC)

The MC6845 CRT Controlier performs the interface to raster scan
CRT displays. It is intended for use in processor-based controllers for
CRT terminals in stand-alone or cluster configurations.

The CRTC is optimized for hardware/software balance in order to
achieve integration of all key functions and maintain flexibility. For
instance, all keyboard functions, R/W, cursor movements, and editing
are under processor control; whereas the CRTC provides video timing
and Refresh Memory Addressing.

Applications include ‘‘glass-teletype,” smart, programmable, intel-
ligent CRT terminals; video games; information display.
Alphanumeric, semi-graphic, and full graphic capability.

Fully programmable via processor data bus. Can generate timing
for almost any alphanumeric screen density, e.g. 80 x 24, 72 x 64,
132 x 20, etc.

Single +5 volt supply. TTL/6800 compatible 1/0.

Hardware scroll {paging or by line or by character)

Compatible with CPU’s and MPU’s which provide a means for
synchronizing external devices.

Cursor register and compare circuitry.

Cursor format and blink are programmable.

Light pen register.

Line buffer-less operation. No external DMA required. Refresh
Memory is muitiplexed between CRTC and MPU.
Programmable interlace or non-interlace scan.

14-bit wide refresh address.

MOS

(N-Channel, Silicon-Gate)

CRT CONTROLLER

(CRTC)

L SUFFIX
CERAMIC PACKAGE
CASE 715

NOT SHOWN:
P SUFFIX
PLASTIC PACKAGE
CASE 711

FIGURE 1 — TYPICAL CRTCONTROLLER APPLICATION
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SYSTEM BLOCK DIAGRAM DESCRIPTION

. As shown in Figure 1, the primary function of the
CRTC is to generate refresh addresses (MAO-MA13), row
selects (RAO-RA4), and video monitor timing (HSYNC,
VSYNC)} and Display Enable. Other functions include an
internal cursor register which generates a Cursor output
when its contents compare to the current Refresh Ad-
dress. A light-pen strobe input signal allows capture of
Refresh Address in an internal light pen register.

All timing in the CRTC is derived from the Clk input.
In alphanumeric terminals, this signal is the character rate.
Character rate is divided down from video rate by external
High Speed Timing when the video frequency is greater
than 3 MHz. Shift Register, Latch, and MUX Control
signals are also provided by external High Speed Timing.

The processor communicates with the CRTC through a
buffered 8-bit Data Bus by reading/writing into the
18-register file of the CRTC.

The Refresh Memory address is multiplexed between
the Processor and CRTC. Data appears on a Secondary
Bus which is buffered from the processor Primary Bus. A

MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage Vee* -0.3 to +7.0 Vdc
Input Voltage Vin®* -0.3 to +7.0 Vdc
Operating Temperature Range TA 0 to +70 °Cc
Storage Temperature Range Tstg -55 to +150 oC

*With respect to Vgg (Gnd).

RECOMMENDED OPERATING CONDITIONS

Characteristics Symbol | Min | Typ | Max |Unit
Supply Voltage Vee 4,75| 5.0 | 6.25]Vvde
Input Low Voltage ViL 03] — 0.8 |Vdc
Input High Voltage ViH 20| — [ Veelvde

@ MOTOROLA Semiconductor Products Inc.

number of approaches are possible for solving contentions
for the Refresh Memory.

1. Processor always gets priority.

2. Processor gets priority access anytime, but can be
synchronized by an interrupt to perform accesses
only during horizontal and vertical retrace times.

. Synchronize processor by memory wait cycles.

4. Synchronize processor to character rate (See Figure
2). The 6800 MPU family lends itself to this config-
uration because it has constant cycle lengths. This
method provides zero burden on the processor be-
cause there is never a contention for memory. All
accesses are “‘transparent.”

The secondary data bus concept in no way precludes
using the Refresh RAM for other purposes. It looks like
any other RAM to the Processor. For example, using
Approach 4, a 64K byte RAM Refresh Memory could
perform refresh and program storage functions trans-
parently.

(2]

FIGURE 2 — TRANSPARENT REFRESH MEMORY
CONFIGURATION TIMING USING 6800 MPU FAMILY

CRTC Accesses
Refresh Memory

?1

MPU Accesses
Refresh Memory

¢2

! 1

! 1

:‘-—— Teycle = nxT, or % -——’:

| |
where: m,n are integers;

Te Is character period




ELECTRICAL CHARACTERISTICS (Vce = 5.0V £5%, Vgg = 0, Ta = 0 to 70°C uniess otherwise noted)

Characteristic Symbol | Min Typ Max Unit
Input High Voltage ViH 20 - Vee Vdc
input Low Voltage ViL -0.3 - 0.8 Vdc
Input Leakage Current lin - 1.0 25 uAdc
Three-State (Vgg = 5.25 V) ITs) -10 2.0 10 pAdc
{(Vin=0.4t024V)
Qutput High Voltage VoH Vdc
(110ad = -205 uA) D0-D7 24 - -
{l1gag = 100 uA) Other Qutputs 2.4 - -
Output Low Voltage VoL - - 0.4 Vdc
{l10ad = 1.6 mA)
Power Dissipation Pp - 600 - mW
Input Capacitance Cin pF
DO-D7 — - 12.5
All others — — 10
Qutput Capacitance All Qutputs Cout - - 10 pF
Minimum Clock Pulse Width, Low PweL 160 - - ns
Minimum Clock Pulse Width, High PwWCH 200 - - ns
Clock Frequency fe - - 25 MHz
Rise and Fall Time for Clock input ter, tof - - 20 ns
Memory Address Delay Time tMAD - - 160 ns
Raster Address Delay Time tRAD - - 160 ns
Display Timing Delay Time tDTD - - 300 ns
Horizontal Sync Delay Time tHSD - - 300 ns
Vertical Sync Delay Time tvsD - - 300 ns
Cursor Display Timing Delay Time tcDD - - 300 ns
Light Pen Strobe Minimum Pulse Width PW\_PH 100 - - ns
Light Pen Strobe Disable Time 1LPD1 — - 120 ns
tLPD2 = - 0 ns
Note: The light pen strobe must fall to low level before VSYNC pulse rises.
BUS TIMING CHARACTERISTICS
Characteristic ‘ Symbol l Min Max | Unit J
READ/WRITE
Enable Cycle Time teycE 1.0 - us
Enable Pulse Width, High PWEH 0.45 25 Ms
Enable Pulse Width, Low PWEL 0.43 - us
Setup Time, CS and RS valid to enable positive transition tAS 160 - ns
Data Delay Time tDDR - 320 ns
Data Hold Time (Read) tH 10 - ns
(write) 10 -
Address Hold Time tAH 10 — ns
Rise and Fall Time for Enable Input ter. tEF - 25 ns
Data Setup Time tpsw 195 - ns
Data Access Time tACC - 480 ns
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FIGURE 4 — RELATION BETWEEN LPSTB AND REFRESH MEMORY ADDRESS

e 0.8 V

0.8V
Clk
MAO-MA13 M M+1 M+2
31
A 5
o8V
LPSTEB
- b
(¢
2.0j7C
LPSTSB
tLPD1
1.PD2 i

When the CRTC detects the rising edge of LPSTB

in this period, the CRTC sets the Refresh Memory

Address ‘M+2’ into the LIGHT PEN REGISTER.

t1LPD1. tLPD2: Period of uncertainty for the Refresh Memory Address.
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FIGURE 5 — BUS TIMING CHART

5a — Bus Read Timing {Read Information From CRTC)
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5b — Bus Write Timing (Write Information Into CRTC)
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FIGURE 6 — BUS TIMING TEST LOAD

T 5.0V
Test Point  © Ry =24k
3
cr SR MMD6150
or Equiv.

C = 130 pF for DO-D7
= = = 30 pF for MAO-MA13, RAO-RA4,
DISPEN, HYSNC,
VSYNC, and CURSOR
R = 11 k{2 for DO-D7
= 24 k§2 for All Other Outputs

FIGURE 7 — PIN ASSIGNMENT

\/
VSS et 1 40 [————= VSYNC
RESET ———af 2 39 [t HSYNC
LPSTB =i 3 38 s R A O
(‘ MAQ 4 37 b————R A1
Row Addresses
MA1 -———{ § 36 e R A2 for Character
Generators
MA2 ~-t—— 6 35 - RA3
MA3 o 7 34 ey RA G
MAS ] 8 33 fet——- DO “\ ‘\
MAS —--y 9 32 e D 1
Refresh MAG wt————vq 10 MC6845 31 pt—— D2
Memory CRTC
Addresses MA7 te— 11 30 peg—e——im- D3
> Data Bus
MAS it 12 29 Da
MAY s 13 28 D5
Processor
MA10 - 14 27 D6 Interface
MA11 <t¢——d 15 26 07 ./
MA12 ————] 16 25 [4—— s
\. MA13 e 17 24 |ea—— RS
Control
Display Enable ~———-1q 18 23 pep——— E
Cursor —gg—————o~ 19 22 |— R/W J
Ve ————=] 20 21 — CLK
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PIN DESCRIPTION

" PROCESSOR INTERFACE

The CRTC interfaces to a processor bus on the
bidirectional data bus (D0-D7) using CS, RS, E, and R/W
for control signals.

Data Bus (D0-D7) — The bidirectional data lines
(D0-D7) allow data transfers between the CRTC internal
Register File and the processor. Data bus output drivers
are 3-state buffers which remain in the high impedance
state except when the processor performs a CRTC read
operation. A high level on a data pin is a logical "'1.”

Enable (E) — The Enable signal is a high impedance
TTL/MOS compatible input which enables the data bus
input/output buffers and clocks data to and from the
CRTC. This signal is usually derived from the processor
clock, and the high to low transition is the active edge.

Chip Select (CS) — The CS line is a high impedance
TTL/MOS compatible input which selects the CRTC when
low to read or write the internal Register File. This signal
should only be active when there is a valid stable address
being decoded from the processor.

Register Select (RS) — The RS line is a high impedance
TTL/MOS compatible input which selects either the
Address Register (RS = ““0") or one of the Data Registers
(RS = “"1"") of the internal Register File.

Read/Write (R/W) — The R/W line is a high impedance
TTL/MOS compatible input which determines. whether
the internal Register File gets written or read. A write is
active low ("'0"').

CRT CONTROL

The CRTC provides horizontal sync {HS), vertical sync
{VS), and Display Enable signals.

Vertical Sync (V SYNC) — This TTL compatible
output is an active high signal which drives the monitor
directly or is fed to Video Processing Logic for composite
generation. This signal determines the vertical position of
the displayed text.

Horizontal Sync (H SYNC) — This TTL compatible
output is an active high signal which drives the monitor
directly or is fed to Video Processing Logic for composite
generation. This signal determines the horizontal position
of the displayed text.

Display Enable — This TTL compatible output is an
active high signal which indicates the CRTC is providing
addressing in the active Display Area.

REFRESH MEMORY/CHARACTER GENERATOR
ADDRESSING

The CRTC provides Memory Addresses (MAO-MA13)
to scan the Refresh RAM. Also provided are Raster
Addresses (RAQ-RA4) for the character ROM.
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Refresh Memory Addresses (MAO-MA13) — These 14
outputs are used to refresh the CRT screen with pages of
data located within a 16K block of refresh memory. These
outputs drive a TTL load and 30pF. A high level on
MAO-MA13 is a logical “1."”

Raster Addresses (RAO-RA4) — These 5 outputs from
the internal Raster Counter address the Character ROM
for the row of a character. These outputs drive a TTL load
and 30pF. A high level {on RAO-RA4) is a logical ““1.”

OTHER PINS

Cursor — This TTL compatible output indicates Cursor
Display to external Video Processing Logic. Active high
signal.

Clock (CLK) — The CLK TTL/MOS compatible input
is used to synchronize all CRT control signals. An external
dot counter is used to derive this signal which is usually
the character rate in an alphanumeric CRT. The active
transition is high to low.

Light Pen Strobe (LPSTR) — This high impedance
TTL/MOS compatible input latches the current Refresh
Addresses in the Register File. Latching is on the low to

high edge and is synchronized internally to character clock.
Vce, Gnd

RES — The RES input is used to Reset the CRTC. An
input ‘low level on RES forces CRTC into following
status:

(A} All the counters in CRTC are cleared and the
device stops the display operation.

{B) Al the outputs go down to low level.

(C) Contro! registers in CRTC are not affected and
remain unchanged.

This signal is different from other M6800 family in the
following functions:

(A) RES signal has capability of reset function only
when LPSTB is at low level.

(B) After RES has gone down to low level, output
signals of MAO-MA13 and RAO-RA4,
synchronizing with CLK low level, goes down to
low level. (At least 1 cycle CLK signal is
necessary for reset.)

(C) The CRTC starts the Display operation
immediately after the release of RES signal.

TABLE 1 — CRTC Operating Mode

RES LPSTB OPERATING MODE
0 0 Reset
(1] 1 Test Mode
1 0 Normal Mode
1 1, Normal Mode
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FIGURE 8 —

CRTC FUNCTIONAL BLOCK DIAGRAM
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CRTC DESCRIPTION
(Figure 8: CRTC Block Diagram)

The CRTC consists of programmable horizontal and
vertical timing generators, programmable linear address
register, programmable cursor logic, light pen captire
register, and control circuitry for interface to a processor
bus.

All CRTC timing is derived from CLK, usually the
output of an external dot rate counter. Coincidence {CO)
circuits continuously compare counter contents to the

contents of the programmablie register file, RO-R17. For

horizontal timing generation, comparisons result in: 1)
Horizontal sync pulse (HS) of a frequency, position, and
width determined by the registers, 2) Horizontal Display
Signal of a frequency, position, and duration determined
by the registers.

The Horizontal counter produces H clock which drives
the Scan Line Counter and Vertical Control. The contents
of the Raster Counter are continuously compared to the
Max Scan Line Address Register. A coincidence resets
the Raster Counter and clocks the Vertical Counter.

Comparisons of Vertical Counter contents and Vertical
Registers result in; 1) Vertical sync pulse (VS) of a
frequency and positon determined by the registers—the
width is fixed at 16 raster lines in the vertical control
section and is not programmable, 2) Vertical Display of a
frequency and position determined by the registers.

The Vertical Control Logic has other functions.

1. Generate row selects, RAO-RA4, from the Raste
Count for the corresponding interlace or non
interlace modes.

2. Extend the number of scan lines in the vertica
total by the amount programmed in the Vertica
Total Adjust Register.

The Linear Address Generator is driven by CLk
and locates the relative positions of characters in memonr
with their positions on the screen. Fourteen lines
MAO-MA13, are available for addressing up to fou
pages of 4K characters, 8 pages of 2K characters, etc
Using the Start Address Register, hardware scrollif
through 16K characters is possible. The Linear Addres
Generator repeats the same sequence of addresses for eacl
scan line of a character row.

The cursor logic determines the cursor location, size
and blinking rate on the screen. All are programmable.

The light pen strobe going high causes the curren
contents of the Address Counter to be latched in th
Light Pen Register. The contents of the Light Pen Registe
are subsequently read by the Processor.

Internal CRTC registers are programmed by th
processor mrough the data bus, DO-D7, and the contrc
signals—R/W, CS, RS and E.

FIGURE 9 — ILLUSTRATION OF THE CRT SCREEN FORMAT

——Number of Horizontal Total Char. (Nht+1)

|-———Number of Horizontal Displayed Char. (th)——-—l

:A::B::C

|

} Line

Maximum Scan Lines (Nr+1)

Number of Vertical Total Char. (Nvt+1)
Number of Vertical Displayed Char. (Nvd)

Display Period

Horizontal
Retrace
Period

Vertical Retrace Period

Total Scan Line'Adiust (Nadj) =
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REGISTER FILE DESCRIPTION
(See Table 2)

Nineteen registers in the CRTC can be accessed by
means of the data bus. Register addressing and lengths are
shown in Table 2. -

ADDRESS REGISTER

The Address Register is a 5 bit write-only register used
as an "‘indirect’”’ or ‘‘pointer” register. Its contents are the
address of one of the other 18 registers in the file. When
RS and CS are low, the Address Register itself is
addressed. When RS is high, the Register File is accessed.

HORIZONTAL TIMING REGISTERS RO, R1, R2, and
R3

Figure 9 shows the visible display area of a typical CRT
monitor giving the point of reference for horizontal
registers as the left most displayed character position.
Horizontal registers are programmed in “‘character time"
units with respect to the reference.

Horizontal Total Register (R0) — This 8 bit write-only
register determines the horizonta! frequency of HS. it is
the total of displayed plus non-displayed character time
units minus one.

Horizontal Displayed Register (R1) — This 8 bit
write-only register determines the number of displayed
characters per horizontal line.

Horizontal Sync Position Register (R2) — This 8 bit
write-only register determines the horizontal sync postiion
on the horizontal line.

Horizontal Sync Width Register (R3) — This 4 bit

write-only register determines the width of the HS pulse.
It may not be apparent why this width needs to be
programmed. However, consider that all timing widths
must be programmed as muitiples of the character clock
period which varies. If HS width were fixed as an integral
number of character times, it would vary with character
rate and be out of tolerance for certain monitors. The rate
programmable feature allows compensating HS width.

VERTICAL TIMING REGISTERS R4, R5, R6, R7, R8,
and R9 »

The point of reference for vertical registers is the top
character position displayed. Vertical registers are
programmed in character row times or scan line times.

Vertical Total Register (R4) and Vertical Total Adjust

Register (RB) — The vertical frequency of VS s

determined by both R4 and R5. The calculated number of
character line times is usually an integer plus a fraction to
get exactly a 50 or 60 Hz vertical refresh rate. The integer
number of character line times minus one is programmed
in the 7 bit write-only Vertical Total Register; the fraction
is programmed in the 5 bit write-only Vertical Scan
Adjust Register as a number of scan line times.

Vertical Displayed Register (R6) — This 7 bit
write-only register determines the number of displayed
character rows on the CRT screen, and is programmed in
character row times.

Vertical Sync Position (R7) — This 7 bit write-only
register determines the vertical sync position with respect

TABLE 2 —~ CRTC INTERNAL REGISTER ASSIGNMENT

— Address Register Regi . . Program ) Number of Bits
CS| RS 4 3| 2 1 o ’# Register File Unit Read Write 716lslalalaln 0
1 X X X]| X| X X X - - - -

[+] 0 X X| x| X X X Address Register - No Yes

0 1 0j0{o0]O0 0 RO Horizonta! Total Char. No Yes

0 1 0 ojlo}l O 1 R1 Horizontal Displayed Char. No Yes

0 1 o0]J]ojol1 0 R2 H. Sync Position Char. No Yes

0 1 0jojof1 1 R3 H. Sync Width Char. No Yes

0 1 gjofl1j0] o0 R4 Vertical Total Char. Row No Yes

o] 1{o]of1]l0] 1] RS V. Total Adjust Scan Line No Yes

0 1 ojol1i1j1]l o R6 Vertical Displayed Char. Row No Yes

0 1 0 0 1 1 1 R7 V. Sync Position Char. Row No Yes

0 1 0 11]0]l0}] 0 R8 Interiace Mode - No Yes

0 1 1] 170} 0 1 R9 Max Scan Line Address Scan Line No Yes

[H ol 1o} o R10 Cursor Start Scan Line No Yes B|P (Note 1)
0 1 0 1101 1 R11 Cursor End Scan Line No Yes

ol t1]oj1]1]o0] o0 R12 Start Address (H) - No Yes

0 1 0 11110 1 R13 Start Address (L) ~ No Yes

0 1 [+] 1 1 1 0 R14 Cursor (H} — Yes Yes

0 1 0 1 1 1 1 R15 Cursor (L) - Yes Yes

] 1 1 010}| 0 0 R16 Light Pen (H) — Yes No

1] 1 1 ol]oj o 1 R17 Light Pen (L) - Yes No

Note {1): Bit 5 of the Cursor Start Raster Register is used for blink period control, and

Bit 6 is used to select blink or non-blink.
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to the reference. 1t is programmed in character row times.

{nterlace Mode Register (R8) — This 2 bit write-only
register controls the raster scan mode (see Figure 11).
When bit 0 and bit 1 are reset, or bit 0 is reset and bit 1
set, the non-interlace raster scan mode is selected. Two
interlace modes are available. Both are interlaced 2 fields
per frame. When bit O is set and bit 1 is reset, the interlace
sync raster scan mode is selected. Also when bit 0 and bit
1 are set, the interlace sync and video raster scan mode is
selected.

Maximum Scan Line Address Register (R8) — This 5
bit write-only register determines the number of scan lines
per character row including spacing. The programmed
value is a max address and is one less than the number
of scan lines.

OTHER REGISTERS

Cursor Start Register (R10) — This 7 bit write-only
register controls the cursor format (see Figure 10). Bit 5 is
the blink timing control. When bit 5 is low, the blink
frequency is 1/16 of the vertical field rate, and when bit5
is high, the blink frequency is 1/32 of the vertica! field
rate. Bit 6 is used to enable a blink. The cursor start scan
line is set by the lower 5 bits.

Cursor End Register (R11) — This 5 bit write-only
register sets the cursor end scan line.

Start Address Register (H & L) (R12, R13) — Start
Address Register is a 14 bit write-only register which
determines the first address put out as a refresh address
after vertical blanking. 1t consists of an 8 bit lower
register, and a 6 bit higher register.

Light Pen Register (H & L) (R16, R17) — This 14 bit
read-only register is used to store the contents of the
Address Register {(H & L} when the LPSTB input pulses
high. This register consists of an 8 bit lower and 6 bit
higher register.

Cursor Register (H & L) (R14, R15) — This 14 bit
read/write register stores the cursor location. This register
consists of an 8 bit lower and 6 bit higher register.

CURSOR

The Cursor Start and End Registers allow a cursor of
up to 32 scan lines in height to be placed on any scan lines
of the character block as shown in Figure 10. Using Bits 5
& 6 of the Cursor Start Register, the cursor is
programmed with blink periods of 16 or 32 times the field
period. Optional non-blink and non-display modes can
also be selected. When an external 2X blink on characters
is required, it may be necessary to perform cursor blink
externally as well so that both blink rates are
synchronized. Note that an invert/non-invert cursor is
easily implemented by programming the CRTC for
blinking cursor and externally inverting the video signal
with an exclusive-OR.

The cursor is positioned by changing the contents of
registers R 14 and R16. The cursor can be placed at any of
16K character positions, thus facilitating hardware paging
and scrolling through memory without loss of the cursor’s
original position.
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INTERLACE/NON-INTERLACE
DISPLAY MODES

An illustration of the 3 raster scan modes of operation
is shown in Figure 11. Normal sync mode is non-interlace.
In this mode, each scan line is refreshed at the vertical
field rate (e.g., 50 or 60 Hz). Frame time is divided into
even and odd alternating fields. The horizontal and
vertical timing relationship results in the displacement of
scan lines in the odd field with respect to the even field.
When the same information is painted in both fields, the
mode is called “Interlace Sync;” this is a useful mode for
enhancing readability by filling in a character. When the
even lines of a character are displayed in the even field
and the odd lines in the odd field, the mode is called
“Interlace Sync and Video.” This last mode effectively
doubles the character density on a monitor of a given
bandwidth. The disadvantage of both interlace modes is
an apparent flicker effect, which can be reduced by
careful monitor design.

There are restrictions on the programming of CRTC
registers for interlace operation:

1) Horizontal total character count, Ny must be odd

{i.e., an even number of character times)

2) For iInterlace Sync and Video mode only, the max
scan line address, Ngj, must be odd (i.e., an even
number of scan lines)

3) For Interlace Sync and Video mode only, the
Vertical Displayed Total characters must be even.
The programmed number, N4, must be one-hall
the actual number required.

4) For Interlace Sync & Video mode only, the Cursot
START and Cursor End Registers must both be
even or both odd.

LIGHT PEN

The contents of the CRTC Address Counter are
strobed into R16/R17 Light Pen Registers on the nex:
high to low CLK transition afterLPSTB goes high. In mos!
systems, the light pen signal would also cause a processol
interrupt routine to read R16/R17. Slow light per
response requires the processor software to modify thi
captured address read from R16/R17 by a calibratior
factor.

PROGRAMMING CONSIDERATIONS

Initialization — Registers R0-R15 must be initialize:
after power is turned on. The processor normally load
the CRTC registers sequentially from a firmware table
Henceforth, RO-R11 are not changed in most systems
The 6800 program in Table 3 and Figure 12 shows
typical CRTC initialization.

Hardware Scrolling — Registers R12/R13 content
determine which memory location is the first displaye
character on the screen. Since the CRTC Linear Addres
Generator counts from this beginning count, the displaye
portion of the screen may be a window on any continuou
string of characters within a 16K block or refres
memory. By centering the R12/R13 pointer in the middl|
of the available memory space, scrolling up or down
possible . . . by line, page, or character.
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FIGURE 10 — CURSOR CONTROL

Cursor Start Register
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o 0 Non-Blink ! On ! off | on |
0 1 Cursor Non-Display i 1 Blink Period =
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1 0 Blink, 1/16 Field Rate | 1 Field Period
1 1 Blink, 1/32 Field Rate

Example of Cursor Display Mode

0 0 0
1 1 1
2 2 2
3 3 3
4 4 4
S 5 5
6 6 6
7 7 7
8 8 8
1 -GO-OODOH—- 9 9
10 10 10
11 11 11
Cursor Start Adr. =9 Cursor Start Adr. =9 Cursor Start Adr. = 1
Cursor End Adr. =9 Cursor End Adr.= 10 Cursor End Adr.=5
FIGURE 11 — INTERFACE CONTROL
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TABLE 3 — Typical 80 x 24 Screen Format Initialization of CRTC

. . Program . Programmed Value
Reg. # Register File Unit Calculation Decimal Hox
RO H Total Te 102 x .527 = 53.76 us 102-1=101 Nh¢ = $65
R1 H Displayed Te 80 x 527 = 42.16 us 80 Nhd = $50
R2 H Sync Position Te 86 x .527 = 4532 us 86 Nhsp = $56
R3 H Sync Width Te 9x.527= 4.74.us 9 Nphsw = $09
R4 V Total Ter 25 x 645.12=16.13 ms 26=1=24 Nyt =$18
R5 V Total Adjust Tsl 10x53.76 = .54ms 10 Nagj = $0A
R6 V Displayed Ter 24 x 645.12 = 16.48 ms 24 Nyg = $18
R7 V Sync Position Ter 24 x 645.12=16.48 ms 24 Nysp = $18
R8 Interlace Mode - - $00
R9 Max Scan Line Address Tsi 1 Ng) = $08B
R10 Cursor Start Tsl 0 $00
R11 Cursor End Tst 1 $0B
R12 Start Address (H) - 128 $00
R13 Start Address (L) - $80
R14 Cursor (H) - 128 $00
R15 Cursor (L) — $80
Clock Period =T, =.527 us

Scan Line Period

Character Row Period = T, = Ngj x Tg = 12 x 63.76 us = 645.12 us.

=Tg = (Npe+ 1) x Tg= 102 x .527 us = 53.76 us

*These are typical values for the Motorola M3000 Monitor; values may vary for other monitors.
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FIGURE 12 — INITIALIZATION OF CRTC FOR 80x24 SCREEN FORMAT IN TABLE 3

eal CRTINT

aoaa
aaag
oaal
aaod
aaar
oeas
asac
aeab
QoaE
oala
aal2
Qa2
o828
gaz4
8628
gezCc

SF
CE
Fr
)
er
a8
SC
cil
26
3F

ae2a

aa
f8al

16
Fz

&3

e

(o1}
gaga
a8ag
o884 CRTTAB

ERRORS BoG0@

2888 CRTII

CRTTRE

aeze

NAM
ORG
CLR
LDX
STR
LA
STA
INX
INC
CMFP
BNE
SKWI
ORG
Fce
FCB
FCB
FboB
END

CRTINT
2

#+20
F8060
a.x
Foaal

mm DDM W

#+19
CRTII

$20

CLEAR COUNTER

CRTC APDR REG
ACC TO CRTC REG

INC COUNTER

LAST CRTC REG?

$65, $50., $36, #3
$I18.$0A. $13,¥18
2.$a8. 8. 0B

¥380, $58
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OPERATION OF THE CRTC

Timing Chart of the CRT Interface Signals — Timing
charts of CRT interface signals are illustrated in this
section with the aid of programmed example of the
CRTC. When values listed in Table 4 are programmed into
CRTC control registers, the device provides the outputs as

shown in the Timing Diagrams (Figures 13 through 15).
The screen format of this example is shown in Figure 9.
Figure 16 is an illustration of the relation between
Refresh Memory Address (MAO-MA13), Raster Address
(RAO-RA4) and the position on the screen. In this
example, the start address is assumed to be “Q".

TABLE 4 — Values Programmed Into CRTC Registers

Reg. # ) Programmed
Register Name Value Value

RO H. Total Npet+1 Nht
R1 H. Displayed Nhd Nhd
R2 H. Sync Position Nhsp Nhsp
R3 H. Sync Width Nhsw Nhsw
R4 V. Total Nyt+1 Nyt
R5 V. Scan Line Adjust Nadj Nadj
R6 V. Displayed Nyd Nvd
R7 V. Sync Position Nysp Nysp
R8 Interlace Mode
R9 Max. Scan Line Address Ng| Ngi
R10 Cursor Start
R11 Cursor End
R12 Start Address (H} 0
R13 Start Address (L.} 0
R14 Cursor (H)
R15 Gursor (L)
R16 Light Pen (H)
R17 Light Pen (L)

@ MOTOROLA Semiconductor Products Inc.
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STD-VID 64/80 Parts Placement Diagram 12-1-81
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STD-VID 64/80 Parts List

Capacitors

¢c1, C3, C4, C5, C9, C10,
c12, C13, C14, C17, C18

c2, ¢6, C7, C11
c15, C1é
Cc8

Crystal
Y1

Integrated Circuits

IC1

IC2

IC3

IC4

IC5, ICé6
IC7

IC8, IC29
ICo

IC10

ICt1, IC16, IC17
IC12

IC13, ICt14
IC15

IC18

IC19, IC27

Page 1/3
12-1-81

.1 mf Mono-Ceramic

680 pf 5% NPO Ceramic
22 mf 16V Electrolytic
24 pf Mica

12.000 MHz (64 char. version)
14.000 MHz (80 char. version)

L3273
FP VID1
LS04
7406
LS221
LS166
1874
LS175
L308
LS157
L8174
L8153
L1832
L8163 or LS161
1S86



STD-VID 64/80 Parts List

IC20, IC23
IC21
IC22
IC24
IC25
IC26, 1IC28

Memory Chip

M1

Registors

R1, R2

R3, R4, R5

R6, R7

R8

R9, R10, R15, R16
R11, R13

R12

R14, R17, R18

Resistor Packs

RP1
Switch Pack

SP1

Variable Resisgtors

VR1
VR2

Page 2/3
12-1-81

LS00
MC6845
L8367
L8139
L8245
LS30

6116 type, 200 ns

120 ohm, 5%, 1/4 W
200 ohm, 5%, 1/4 W
2K2 ohm, 5%, 1/4 W
12K ohm, 5%, 1/4 W
330 ohm, 5%, 1/4 W
27 ohm, 5%, 1/4 W
5K6 ohm, 5%, 1/4 W
10K ohm, 5%, 1/4 W

10-pin SIP, 9 Res., 4K7 ohm

8 Pos. DIP switch

50K ohm, linear

20K ohm, linear



STD-VID 64/80 Parts List

Miscellaneous

P1

J1

PCB
Sockets
Socket
Hardware

Card ejector
Shipping bag

Page 3/3
12-1-81

2-pin, .1" Right angle header
2-pin housing with crimp terminals
Printed circuit board

24-pin DIP

40-pin DIP

Anti-static
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8085/780 Video Driver Routine, 80 character version

B R AR R s N R ey R N e

;*** ¥
;%%  8085/780 Video Driver Routine XK
;¥%¥%  for the STD VID64/80 board *H%
;*** *KXKk
;%% 80 character version 1.1 *XKk
s¥%%  COPYRIGHT 1984 Versalogic *¥X¥%
ok . *H%

’
’

o RN KN KRR K HH IR IR KK

4
; VDR ENTRY POINT=FOOOH, ASCII CHARACTER IN C REG
;VDR INIT ENTRY POINT=FOO3H

:STD VID64/80 BOARD ADDRESSED AT LOC ESOOH
:RAM WORK AREA AT OOA3H-OOAGH, 4 BYTES

’
.
’

Es B
NO QU
VSOCHAR EQU
V64CHAR EQU
;
F
VSIZE EQU
ENDIF
;
F
VSIZE BQU
ENDIF
VBASE EQU
VIDEND FQU
VCTRL ~ FQU
CRICSL FQU
CRICWR FEQU
CURCH  FQU
VCADL ~ FQU
VCADE  EQU
VCUR  EQU
VCHUC — EQU
’ ORG
VENTER: JMP
:DO VIDEO INTT,
VINIT: IXI
MVT
IXT
VINIT1: MOV
STA

OFFFFH ;SET VALUES FOR IF STATEMENTS
O000CH

YES ;80 CHARACTER BOARD?

NO s64 CHARACTER BOARD?

VSOCHAR

80 ;SET VSIZE FOR 80 CHAR BOARD
V64CHAR

64 sSET VSIZE FOR 64 CHAR BOARD
OESO0H sSTART OF STD VID 64/80 BOARD

VBASE+(24*VSIZE)~1 ;END OF DISPLAYED VID RAM
VBASE+TFSH ;VID CONTROL AND STATUS ADD
VBASE+TFCH ;CRTC REG SELECT ADD

VBASE+TFEH ;CRTC WRITE PORT ADD

TFH ; CURSOR CHARACTER

043H ;VID CUR LOC IO BYTE
O44H ;VID CUR LOC HI BYTE
045H ;VID CURSOR CHAR

046H ;VID CHAR UNDER CURSOR

OFOOOH ;START OF PROGRAM

VDR ;JMP TO ROUTINE

CLEAR SCREEN AND HOME CURSOR
D,CRTCWR;CRTC WRITE PORT IOC TO DE
B,ODH ;B IS A COUNTER

H,VFRMT ;TABLE POINTER

A,B ;COUNTER TO A
CRTCSL ;WRITE TO CRTC REG SEL PORT

Page 1



FOOF TE
FO10 12
FO11 23
FO12 05
FO13 F20BFO
FO16 TE
FO17 32FSEF
FO1A ZETF
FO1C 324500
FO1F CD70FO
FO22 C9

.
’

FO23 00000820 VFRMT:

FO27 08001818
FO2B 081BO156

FO2F 506FOC

F032 C5
FO33 CD38FO
FO36 C1
FO37 C9
FO38 215AFO
FO3B CDABF1
FO3E FEFF
FO40 C2BTH
FO43 79
FO44 FE20
FO46 D8
FOAT CDOBF1
FO4A 23
FO4B CD22F1
FOAE DAS4TO
FO51 C312M
FO54 2130EF
FO57 C32EM

FO5A OC
FO5B 70FO
FO5D 01
FOSE 90FO
FO60 OD
FO61 9DFO

8085/780 Video Driver Routine, 80 character version

we ae

MOV
STAX
INX
DCR
JP
MOV
STA
MVI
STA
CALL
RET

IF
DB
DB
DB
DB
ENDIF

IF
DB
DB
DB
DB
ENDIF

‘AM ;FORMAT DATA TO A

D sWRITE FORMAT DATA TO CRTC REG
H ;INC TO NEXT FORMAT DATA

B ;DEC REG COUNTER

VINITY ;CONT UNTIL B IS NEG
AM ;CONTROL BYTE TO A
VCTRL  ;WRITE TO VID CTRL REG
A,CURCH ;CURSOR ASCII CHAR TO A
VCUR ;STORE IN SAVE ARFA

VCIR ;CLEAR SCREEN AND HOME CURSOR

VSOCHAR ;REGISTER PARAMETERS FOR 80 CHAR BOARD
OOH, 00H,08H, 20H ;REG D — REG A

O8H,00H, 18H, 18H ;REG 9 - REG 6
08H, 1BH,01H,56H ;REG 5 - REG 2
50H, 6FH,0CH ;REG 1 ~ CNTL

V64CHAR ;REGISTER PARAMETERS FOR 64 CHAR BOARD

OOH, O0H ; O8H, 20H ;REG D - REG A
O8H,00H, 18H,18H ;REG 9 - REG 6
O8H, 1BH,01H,46H ;REG 5 - REG 2
40H,5FH,0CH ;REG 1 — CNTL

sVID DRIVER ROUTINE, CHAR IN C, RETURNS CHAR IN C

’

5
VDR:

VDR1:

VDRZ:

VCNTEL:

PUSH
CALL
POP
RET
IXI
CALL
CPI
JNZ
MOV
CPI
RC
CALL
INX
CALL
JC
JMP
IXT
JMP

DB
Dw
DB
Dw
DB
Dw

B ;SAVE CHAR IN C
VDR? ;DO VDR ROUTINE
B ;RESTORE CHAR BACK TO C

H, VCNTBL; LOAD SEARCH POINTER
SRCH ;DO CNTL CHAR SEARCH
OFFH ;SEE IF ANY FOUND

TBJP ;GO TO JUMP ROUTINE IF FOUND
A,C sASCII CHAR TO A
v ;SEE IF OTHER CNTL CHAR
;RETURN IF SO
VWR ;OUTPUT TO SCREEN
H ;INC TO NEXT CUR IOC
VOFFSC ;SEE IF OFF SCREEN
VDR2 ;CARRY SET IF OFF SCREEN
VSTOR  ;SAVE CURSOR PARA AND WRITE CUR

H,VIDEND-VSIZE+ ;SET HL TO START OF LAST LINE

"~ VSCROL ;GO TO SCROLL ROUTINE
OCH ;"L CLEAR SCREEN
VCIR :

o1 ;A HOME
VHOME
ODH ;"M CARRIAGE RET

VCR H

Page 2



FO63 OA
FO64 ACFO
FO66 08
FO67 CAFO
FO69 1A
FO6A D8FO
FO6C 06
FO6D EEFO
FO6F FF

FO70 CD96FO
FOT73 2101E8
FOT76 3EO8
FO78 32FSEF
FOTB 3E20
FO7D 77
FOTE 23
FOTF CD22F1
FO82 D27BFO
FO85 3E20
FO87 324600
FO8A 3EOC
FO8C 32F8EF
FogF C9

FO90 3A4600
FO93 CDOBF
P096 2100E8
FO99 CD12F
FOSC €9

FOOD CD70M
FOAO C8
FOA1 EB
FOA2 3A4600
FOA5 CDOBM
FOA8 EB
FOA9 C312M™

DB
Dw
DB
Dw
DB
Dw
DB
DW
DB

.
’

OAH ;"J LINE FEED

VLF ;
O8H ;"H BACKSPACE
VBKSP 3

1AH ;"% CURSOR UP

vup ;
O6H ;"F CURSOR RIGHT
VRT ;

OFFH ;END OF TABLE

;
;VID CLEAR SCREEN ROUTINE, CLEARS SCREEN AND HOMES CUR

’
’
VCLR: CALL
IXT
MVI
STA
VCIR1: MVI
MoV
INX
CALL
JNC
MVI
STA
MVI
STA
RET

.
’

VHOME! ;HOME CURSOR
H,VBASE+! ;START OF RAM + 1 TO HL

A,080 ;BLANK CODE TO A
VCTRL  ;BLANK SCREEN

A,' ' ;ASCII SPACE TO A
M,A ;SPACE TO IOC HL

H ;INC TO NEXT SCREEN IOC
VOFFSC ;SEE IF OFF SCREEN
VCIR1 ;CONT IF NOT

A,' ' ;ASCIT SPACE TO A
VCHUC  ;BLANK CHAR UNDER CUR
A,OCH ;UNBLANK CODE TO A
VCTRL  ;UNBLANK SCREEN

;VID HOME CURSOR ROUTINE, HOMES TO UPPER LEFT

’

VHOME: IDA

CALL
VHOME1: IXI

CALL

RET

.
’

VCHUC  ;CHAR UNDER CUR TO A

VWR ;WRITE TO SCREEN

H,VBASE ;HOME POS TO HL

VSTOR  ;SAVE CUR PARA AND WRITE CUR

;
;s VID CARRTAGE RETURN ROUTINE, MOVES CUR TO START OF LINE

’
.

’

VCR: CALL
RZ
XCHG
LDA
CALL
XCHG
JMP

.
’

;
:VID LINE FEED

’
.
k4

VSOL ;FIND START OF LINE
sRET IF AT START OF LINE (Z SET)
sSAVE START IOC IN DE

VCHUC  ;CHAR UNDER CUR TO A

VWR ;WRITE OLD CHAR
;START 1LOC TO HL

VSTOR  ;STORE CUR PARA AND WRITE CUR

8085/%80 Video Driver Routine, 80 character version
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FOAC 2A4300
FOAF 115000
FOB2 19

FOB3 EB

FOB4 3A4600
FOB7 CDOBF1
FOBA EB

FOBB CD22™M
FOBE DACATO
FOC1 C312M
FOC4 244300
FOC7 C32EM

FOCA CDT70F
FOCD C8
FOCE 3A4600
FOD1 CDOBF
FOD4 2B
FOD5 C312M

FOD8 2A4300
FODB 11BOFF
FODE 19
FODF ZEES
FOE1 BC
FOE2 DO
FOE3 EB
FOE4 ZA4600
FOE7 CDOBM
FOEA EB
FOEB C312M

FOEE 3A4600
FOF1 CDOBF1
FOF4 23

FOF5 224300
FOF8 CDTOM
FOFB CAO4A™M
FOFE 2A4300
™MO1 C312M
MO04 2A4300
™MO7 2B

™08 C312M

8085/7%80 Video Driver Routine, 80 character version

VLF: LHID VCADL  ;CUR LOC TO HL

IXT D,VSIZE ;LINE LENGTH TO DE

DAD D ;ADD DE TO HL

XCHG ;SAVE NEW CUR IOC IN DE

IDA VCHUC  ;CHAR UNDER CUR TO A

CALL VWR ;WRITE IT TO SCREEN

XCHG ;NEW CUR LOC TO HL

CALL VOFFSC ;SEE IF OFF SCREEN

JC VLM ;JUMP IF OFF

JMP VSTOR  ;STORE CUR PARA AND WRITE CUR
VLM: LHID VCADL  ;CUR ADD AFTER SCROLL TO HL

JMP VSCROL ;SCROLL SCREEN

H

; :

; VID BACKSPACE ROUTINE, WILL NOT MOVE PAST START OF LINE
H

\’IBKSP: CALL VSOL ;SEE IF AT START OF LINE

RZ RET IF SO (Z SET)

LDA VCHUC  ;CHAR UNDER CUR TO A

CALL VWR ;WRITE OLD CHAR

DCX H ;DEC HL ONE SPACE

JMP VSTOR  ;SAVE CUR PARA AND WRITE CUR

we we

VID UP ROUTINE, WILL NOT GO PAST TOP OF PAGE

VUP: LHID VCADL, ;CUR LOC TO HL
IXI D,-VSIZE;NEG LINE LENGTH TO DE
DAD D ;ADD DE TO HL
MVI A,VBASE SHR 8 ;VID RAM STARTING PAGE TO A
CMP H sA - H
RNC ;OFF OF TOP IF C SET, RET
XCHG sSTORE NEW CUR LOC IN DE
IDA VCHUC  ;CHAR UNDER CUR TO A
CALL VWR sWRITE OLD CHAR
XCHG sNEW CUR 1OC TO HL
JMP VSTOR  ;SAVE CUR PARA AND WRITE CUR

;
:VID CURSOR RIGHT ROUTINE

-
)
.

b4
VRT: IDA = VCHUC ;CHAR UNDER CUR TO A

CALL VWR ;WRITE OLD CHAR

INX H ; INC TO NEXT CUR LOC

SHLD VCADL  ;SAVE NEW CUR 1OC

CALL VSOL ;SEE IF IT WRAPPED AROUND

Jz VRTY ;JUMP IF IT DID

IHTLD VCADL  ;NEW CUR ADD TO HL

JMP VSTOR SAVE CUR PARA AND WRITE CUR
VRM: IHID VCADL  ;NEW CUR ADD TO HL

DCX H ;DEC BACK TO ORIGINAL

JMP VSTOR  ;STORE ORIGINAL PARA AND WRITE CUR

Page 4



F10B 2A4300
FOE CD92F1
™M11 09

112 224300
™15 CD8DM
118 324600
F11B 3A4500
F1E CD92M
™21 C9

22 3EEF
F124 BC
™M25 D8
26 CA2AM
™29 C9
F2A 3ETF
™M2C BD
M2D C9

™M2E E5
™M2F 1100E8
32 215088
™35 013007
738 CD98F1
F13B D238
T3E 3E08
M40 32F8EF
M43 TE
™M44 12
45 13
F146 23
™47 OB
F48 AF
M49 B

8085/280 Video Driver Routine, 80 character version

H
H
sVID WRITE ROUTINE, WRITES A TO CURRENT CUR LOCATION
>

VWR:  IHID

VCADL,  ;CUR LOC TO HL
CALL VOuUT ;A TO LOC HL
RET

’

VID STORE ROUTINE, SAVES NEW CUR LOCATION (ENTERS IN HL)
ANDSAVESCHARATNEWCURIOC WRITES CUR CHAR TO NEW
; LOCATTION

.
H

VSTOR:

SHLD VCADL  ;SAVE NEW CUR IOC

CALL VIN ;NEW CHAR UNDER CUR TO A
STA VCHUC  ;STORE CHAR UNDER CUR
IDA VCUR ;CUR CHAR TO A

CALL VOouT sWRITE CURSOR

RET A

-e

we

sVID ROUTINE TO SEE IF HL IS POINTING PAST THE END OF
sTHE DISPLAYED VID RAM, RETURNS WITH CARRY SET IF SO

’

VORFSC: MVT

A,VIDEND SHR 8 ;HI BYTE OF VID RAM END TO A
CMP H ;SEE IF HI BYTE IS ABOVE
RC RET IF S0
JZ VOFFSC1 ;IF =, TEST IO BYTE
RET
VOFFSC1 :MVI A,VIDEND AND OFFH ;IO BYTE OF RAM END TO A
CMP L
RET sCARRY SET IF ABOVE

e ‘oo

VID SCROLL ROUTINE, SCROLLS SCREEN UP ONE LINE

,

VSCROL: PUSH -SAVE HL
IXT  D,VBASE ;DE POINTS TO START OF VID RAM

IXI H,VBASE+VSIZE ;HL POINTS TO NEXT LINE

IXI B.23*VSIZE ;NUMBER OF BYTES TO MOVE
VSCWM: CALL  VSTAT sWAIT FOR VERT RETRACE

JNC VSCWIM  ;I00P

MVI A,08H ;BIANK CODE TO A

STA VOTRL,  ;BIANK SCREEN
VSCROLO: MOV AM :THTS CODE DOES THE ACTUAL SCROL

STAX D :DATA UP ONE LINE

INX D S INCRE POINTERS

NX H

DCX B ;DECRE BYTE COUNTER

XRA A sZERO A

CMP B :SEE IF BC=0
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M4A C243M
M4D B9
FM4E C243M
F151 2130EF
F154 CD22M
P57 DAG1H
FM5A 3E20
™MsC 77
FM5D 23
F15E C354M
61 CDI8M
164 D261M
67 3B0C
F69 32F8EF
M6C E
™M6D C312M

770 2100E8
73 015000
P76 54
7T 5D
78 09
™79 3A4400
™M7C BC
17D DASBM
F180 C276M1
™M83 3A4300
786 BD
™8T C8
F88 D276
™88 EB
mac C9

78D CD9SHM
™90 TE
™M91 C9

™92 4F
F93 CDog

8085/280 Video Driver Routine, 80 character version

JINZ VSCROLO ;LOCP IF NOT O
CMP C 5
JNZ VSCROIO ;LOOP IF NOT O

IXT H, VIDEND-VSIZE+! ;HL POINTS TO START OF LAST LINE

VSCROL1 : CALL VOFFSC ;SEE IF OFF SCREEN
JC VSCROL2 ;JUMP IF OFF

MVI A, ' ;ASCII BLANK TO A
MOV M,A ;BLANK TLAST LINE
INX H ; INC TO NEXT LOC
JMP VSCROL1 ;CONT
VSCROL2: CALL VSTAT  ;WAIT FOR VERT RETRACE
JNC VSCROL2 ;LOOP
MVI A,OCH ;UNBLANK CODE TO A
STA VCTRL  ;UNBLANK SCREEN
POP H ;RESTORE HL (NEW CUR LOC)
JMP VSTOR  ;SAVE CUR PARA AND WRITE CURSOR

.
’

;VID START OF LINE ROUTINE, RETURNS ADDRESS OF THE START OF
;THE LINE THE CURSOR IS IN (RETURNED IN HL), Z IS SET
; IF THE CURSOR IS AT THE START POINT

’

VSOL:  IXI

H,VBASE ;BASE ADD TO HL
IXI B,VSIZE ;LINE SIZE TO BC
VSOL1: MOV D,H sSTORE HL IN DE
MOV E,L
DAD B sINC HL TO START OF NEXT LINE
IDA VCADH  ;CUR IOC HI BYTE TO A
CMP H sHI BYTE - H
Jc VSOL2  ;HL > CUR I0C, USE IAST SOL IN DE
JINZ VSOL1  ;TRY NEXT LINE
DA VCADL,  ;CHECK IO BYTE
CMP L :I0 BYTE - L
RZ sCUR AT START OF LINE, RET
JNC VSOL1  ;TRY NEXT LINE
VSOL2: XCHG sTAST SOL TO HL FROM DE
RET

’

;VID RAM READ ROUTINE, READS RAM POINTED TO BY HL
;DURING SCREEN RETRACE, RETURNS CHAR IN A

b4
.

VIN:  CAIL

VSTAT  ;WAIT FOR RETRACE
MOV AM ;READ IF B6=0=RETRACE
RET

;VID RAM WRITE ROUTINE, WRITES A TO RAM POINTED TO
;BY HL DURING SCREEN RETRACE

’

JouT: MOV C,A
CALL  VSTAT

;SAVE ASCII IN C
;WAIT FOR RETRACE
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796 T1
97 C9

F198 3AFSEF
™MaB 17
®™oC D8
MaD 17
MO9E D298
MA1 3AFSER
MA4 1T
MA5 D8
A6 17
MAT DAAT™
FMAA C9

MAB TE
FMAC FEFF
FMAE C8
MAF BO
™MBO C8
™MB1 23
™MB2 23
™MB3 23
MB4 C3ABM
MBT 23
MBS 5E
™MB9 23
F1BA 56
FM3BB EB
™MBC E9

™MBD

MOV
RET

.
’

M,C ;DATA OUT

H

; VID STATUS ROUTINE, WAITS FOR START OF A HORZ RETRACE THEN
;RETURNS, OR RETURNS IMMED IF IN A VERT RETRACE WITH CARRY SET
; B6=1(DISPLIAY) =O(RETRACE), B7=1(1MS AT START OF VERT RETRACE)

b4

4

VSTAT: IDA

' RAL
RC
RAL
JNC

VSTAT1: IDA
RAT
RC
RAL
JC
RET

-
’

VCTRL  ;READ STATUS
;SHIFT VERT STAT TO CARRY
;RETURN IF IN A VERT RETRACE
;SHIFT B6 TO CARRY

VSTAT  ;WAIT UNTIL NEXT RETRACE

VCTRL  ;READ STATUS AGAIN
;SHIFT VERT STATUS TO CARRY
;RETURN IF IN A VERT RETRACE
;SHIFT B6 TO CARRY

VSTATt ;WAIT FOR RETRACE

;
; SEARCH ROUTINE, HL POINTS TO TABLE, INPUT IS IN C

’

SRCH: MOV
CPI

TBJP: INX

&
=

;GET DATA FROM TABLE
:SEE IF END OF TABLE
sRETURN IF SO
:COMPARE WITH INPUT
sRETURN IF =

Wkl a %

&
=

sCHECK NEXT DATA
sINCRE TO L JUMP BYTE
;PUT IN E

sINCRE TO H JUMP BYTE
sPUT IN D

;PUT DE INTO HL

;JUMP TO HL

O M= H

-

= =

8085/780 Video Driver Routine, 80 character version
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FFFF

4

0000 =

0043 =
0044 =
0045 =
0046 =

FO00
FOOO C332F0

FOO3 11FEEF
FO06 060D
FOO8 2123F0
FOOB 78
FOOC 32FCEF

8085/280 Video Driver Routine, 64 character version

|
:
:
?
:
|

;*** *X¥
;%% 8085/780 Video Driver Routine *R®
;%% for the STD VID64/80 board XXR
ks *NH
;%¥%% 64 character version 1.1 v
;¥%%  COPYRIGHT 1982 Versalogic WK
Hal . FXR
’

E
i
2
%
i
:

k4
; VDR ENTRY POINT=FOOOH, ASCIT CHARACTER IN C REG
; VDR INIT ENTRY POINT=FOO3H

;STD VID64/80 BOARD ADDRESSED AT LOC ESOOH
;RAM WORK AREA AT O043H-O046H, 4 BYTES

’

ES B
NO FQU
VSOCHAR EQU
V64CHAR BQU
’ IF
VSIZE QU

ENDIF
;

F
VSIZE EQU

ENDIF
VBASE EQU
VIDEND EQU
VCTRL  BQU
CRICSL EQU
CRICWR EQU
CURCH QU
VCADL  EQU
VCADH  EQU
VCUR  BQU
VCHUC  EQU
’ ORG
VENTER: JMP

:DO VIDEO INIT,

VINIT: IXI

MVI
IXT
VINITt: MOV
STA

OFFFFH ;SET VALUES FOR IF STATEMENTS
10,0.0/0.0):

NO ;80 CHARACTER BOARD?

YES ;64 CHARACTER BOARD?

VSOCHAR

80 sSET VSIZE FOR 80 CHAR BOARD
V64CHAR

64 sSET VSIZE FOR 64 CHAR BOARD
OESOOH sSTART OF STD VID 64/80 BOARD

VBASE+(24*VSIZE)~1 ;END OF DISPLAYED VID RAM
VBASE+TF8H ;VID CONTROL AND STATUS ADD
VBASE+TFCH ;CRTC REG SELECT ADD

VBASE+TFEH ;CRTC WRITE PORT ADD

TFH ;CURSOR CHARACTER

043H ;VID CUR IOC IO BYTE
O44H ;VID CUR LOC HI BYTE
O45H ;VID CURSOR CHAR

046H ;VID CHAR UNDER CURSOR

OFOOCH ;START OF PROGRAM

VDR ;JMP TO ROUTINE

CLEAR SCREEN AND HOME CURSOR

D, CRICWR;CRTC WRITE PORT LOC TO DE
B.ODH ;B IS A COUNTER

H,VFRMT ;TABLE POINTER

A,B ;COUNTER TO A =
CRTCSL ;WRITE TO CRTC REG SEL PORT
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FOOF TE MOV AM ;FORMAT DATA TO A
FO10 12 STAX D sWRITE FORMAT DATA TO CRTC REG
FO11 23 INX H :INC TO NEXT FORMAT DATA
FO12 05 DCR B :DEC REG COUNTER
FO13 F20BFO JpP VINITM ;CONT UNTIL B IS NEG
FO16 TE MOV AM :CONTROL BYTE TO A
FO17 32FSEF STA VOTRL  ;WRITE TO VID CTRL REG
FO1A 3ETF MVI A,CURCH ;CURSOR ASCIT CHAR TO A
FOIC 324500 STA VCUR  ;STORE IN SAVE ARFA
FOIF CD7OFO CALL  VCIR  ;CLEAR SCREEN AND HOME CURSOR
FO22 C9 RET
4
IF VSOCHAR ;REGISTER PARAMETERS FOR 80 CHAR BOARD
VFRMT: DB OOH, OOH, 08H, 20H ;REG D - REG A
DB 08H,00H, 18H, 18H sREG 9 - REG 6
DB OSH, 1BH,01H, 56H :REG 5 - REG 2
DB 5OH, 6FH, OCH sREG 1 - CNTL
ENDIF
b
IF V6ACHAR ;REGISTER PARAMETERS FOR 64 CHAR BOARD
FO2% 00000820 VFRMT: DB OOH,00H,08H, 20H :REG D - REG A
FO27 08001818 DB O8H,00H, 18H, 18H sREG 9 - REG 6
FO2B 081B0146 DB 08H, 1BH,01H,46H sREG 5 — REG 2
FO2F 405FOC DB 40H, 5FH,0CH sREG 1 - CNTL
ENDIF

H
>
; VID DRIVER ROUTINE, CHAR IN C, RETURNS CHAR IN C
’

b4
VDR:

F0O32 C5 PUSH B ;SAVE CHAR IN C
FO33 CD38F0 CALL VDR1 ;DO VDR ROUTINE
FO36 C1 POP B ;RESTORE CHAR BACK TO C
FO37 C9 RET
FO38 215AF0 VDR1: IXI H,VCNTBL; LOAD SEARCH POINTER
FO3B CDABF1 CALL SRCH ;DO CNTL CHAR SEARCH
FO3E FEFF CPI OFFH ;SEE IF ANY FOUND
FO40 C2BTM JINZ TBJP ;GO TO JUMP ROUTINE IF FOUND
F043 79 MOV A,C ;ASCIT CHAR TO A
FO44 FE20 CPI P ;SEE IF OTHER CNTL CHAR
FO46 D8 RC ;RETURN IF S0
FO47 CDOBM CALL VWR ;OUTPUT TO SCREEN
FO4A 23 INX H ;INC TO NEXT CUR ILOC
FO4B CD22M CALL VOFFSC ;SEE IF OFF SCREEN
FO4E DA5S4FO JC VDR2 sCARRY SET IF OFF SCREEN
FO51 C312M JMP VSTOR  ;SAVE CURSOR PARA AND WRITE CUR
FO54 21COED ~ VDR2: IXI H,VIDEND-VSIZE+1 ;SET HL TO START OF LAST LINE
FO57 C32EM JMP VSCROL ;G0 TO SCROLL ROUTINE
’
FO5A OC VCNTBL: DB OCH ;"L CLEAR SCREEN
FO5B TOFO Dw VCIR ;
FO5D 01 DB o012 ;"A HOME
FOSE 90FO DW VHOME
FO60 OD DB ODH 3"M CARRIAGE RET
FO61 9DFO Dw VCR H

8085/780 Video Driver Routine, 64 character version Page 2



FO63 OA DB OAH ;"J LINE FEED
FO64 ACFO DW VLF

’
FO66 08 DB 0sH s"H BACKSPACE
FO67 CAFO DW VBKSP
FO69 1A DB 1AH :*7, CURSOR UP
FO6A DSFO DW YUP :
FO6C 06 DB 06H :“F CURSOR RIGHT
FO6D EEFO DW VRT :
FO6F FF DB OFFH  ;END OF TABLE

.
’

;VID CLEAR SCREEN ROUTINE, CLEARS SCREEN AND HOMES CUR
’

FO70 CD96FO \’ICLR: CALL VHOME1 ;HOME CURSOR

FO73 210188 IXT H,VBASE+! ;START OF RAM + 1 TO HL
FOT6 ZEO8 MVI A,080 ;BLANK CODE TO A

FO78 32FSEF STA VCTRL  ;BLANK SCREEN

FOTB 3E20 VCIR1: MVI A,' ' ;ASCIT SPACE TO A

FOTD 77 MOV M,A ;SPACE TO 1IOC HL

FOTE 23 INX H ;INC TO NEXT SCREEN 1OC
FOTF CD22M CALL VOFFSC ;SEE IF OFF SCREEN
FO82 D27BFO JNC VCIR1 ;CONT IF NOT

FO85 3E20 MVI A," ' ;ASCIT SPACE TO A

FO87 324600 STA VCHUC  ;BLANK CHAR UNDER CUR
FO8A 3EOC ) MVI A,OCH ;UNBLANK CODE TO A

FO8C 32FGEF STA VCTRL  ;UNBLANK SCREEN

FO8F C9 RET

.
?

H
;VID HOME CURSOR ROUTINE, HOMES.TO UPPER LEFT

’

FOOO 3M4600  VHOME: IDA  VCHUC  ;CHAR UNDER CUR TO A

F0O93 CDOBF CALL VWR sWRITE TO SCREEN

FO96 2100E8 VHOME1: IXI H,VBASE ;HOME POS TO HL

F099 CD12M ' CALL VSTOR  ;SAVE CUR PARA AND WRITE CUR
FO9C C9 RET

.
?

;VID CARRTAGE RETURN ROUTINE, MOVES CUR TO START OF LINE

FO9D CD70F1 \,TCR:' CALL VSOL ;FIND START OF LINE

FOAO C8 RZ sRET IF AT START OF LINE (Z SET)
FOA1 EB XCHG ;SAVE START IOC IN DE
FOA2 3A4600 IDA VCHUC  ;CHAR UNDER CUR TO A
FOAS CDOBF CALL VWR sWRITE OLD CHAR
FOA8 EB XCHG ;START 10C TO HL
FOA9 C312M JMP VSTOR  ;STORE CUR PARA AND WRITE CUR
’
’
; VID LINE FEED

b
.
2
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FOAC 2A4300
FOAF 114000
FOB2 19

FOB? EB

FOB4 3A4600
FOB7 CDOBF1
FOBA EB

FOBB CD22M
FOBE DAC4FO
FOC1 C312M
FOC4 244300
FOCT7 C32EM

FOCA CDT7OM
FOCD C8
FOCE 3A4600
FOD1 CDOBM
FOD4 2B
FOD5 C312M

FOD8 244300
FODB 11COFF
FODE 19
FODF 3EE8S
FOE1 BC
FOE2 DO
FOE? EB
FOE4 3A4600
FOE7 CDOBM
FOEA EB
FOEB C312M

FOEE 3A4600
FOFM CDOBF
FOF4 23

FOF5 224300
FOF8 CD70M
FOFB CAO4M
FOFE 2A4300
MO1 C312M
P04 2A4300
MOT7 2B

M08 C312M

8085/780 Video Driver Routine, 64 character version

VLF: LHLD
IXT
DAD
XCHG
IDA
CALL
XCHG
CALL
JC
JMP

VLFM: IHID
JMP

.
?

VCADL ;CUR LOC TO HL
D,VSIZE ;LINE LENGTH TO DE
D ;ADD DE TO HL
;SAVE NEW CUR IOC IN DE
VCHUC  ;CHAR UNDER CUR TO A

VWR ;WRITE IT TO SCREEN

;NEW CUR LOC TO HL
VOFFSC ;SEE IF OFF SCREEN
VLM ;JUMP IF OFF

VSTOR  ;STORE CUR PARA AND WRITE CUR
VCADL  ;CUR ADD AFTER SCROLL TO HL
VSCROL ;SCROLL SCREEN

;
; VID BACKSPACE ROUTINE, WILL NOT MOVE PAST START OF LINE

b

4
VBKSP: CALL
RZ
IDA
CALL
DCX
JMP

.
?

VSOL ;OEE IF AT START OF LINE
;RET IF SO (Z SET)
VCHUC  ;CHAR UNDER CUR TO A

VWR ;WRITE OLD CHAR
H ;DEC HL, ONE SPACE
VSTOR  ;SAVE CUR PARA AND WRITE CUR

H
; VID UP ROUTINE, WILL NOT GO PAST TOP OF PAGE

’

b4

VUP: LHLD
IXT
DAD
MVI
CMP
RNC
XCHG
DA
CALL
XCHG
JMP

.
’

VCADL  ;CUR IOC TO HL
D,-VSIZE;NEG LINE LENGTH TO DE
D sADD DE TO HL

A,VBASE SHR 8 ;VID RAM STARTING PAGE TO A
H A - H
;OFF OF TOP IF C SET, RET
;STORE NEW CUR IOC IN DE
VCHUC  ;CHAR UNDER CUR TO A
VWR ;WRITE OLD CHAR
;NEW CUR LOC TO HL

VSTOR  ;SAVE CUR PARA AND WRITE CUR

’
; VID CURSOR RIGHT ROUTINE

’

14
VRT: LDA
CALL
INX
SHLD
CALL
JZ
IHTD
-JMP
VRTY1: IHID
DCX
JMP

VCHUC  ;CHAR UNDER CUR TO A

VWR ;WRITE OLD CHAR

H ; INC TO NEXT CUR LOC
VCADL  ;SAVE NEW CUR IOC

VSOL ;SEE IF IT WRAPPED AROUND

VRT1 ;JUMP IF IT DID

VCADL  ;NEW CUR ADD TO HL
VSTOR  ;SAVE CUR PARA AND WRITE CUR
VCADL  ;NEW CUR ADD TO HL

H ;DEC BACK TO ORIGINAL
VSTOR  ;STORE ORIGINAL PARA AND WRITE CUR
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0B 2A4300
MOE CD92M
M11 C9

12 224300
F115 CD8DF
18 324600
1B 3A4500
F1E CDO92M
™mM21 C9

™22 3EED
24 BC
™M25 18
26 CA2A™
M29 €9
M2A 3EFF
™M2C BD
™M2D C9

™M2E 5
™M2F 1100E8
F132 214088
35 01C005
™38 CDO8M
™ 3B D238
FM3E ZE08
140 32FSEF
M43 7E
744 12
7145 13
46 23
™47 OB
F148 AF
™M49 B

8085/780 Video Driver Routine, 64 character version

wo we we

;VID WRITE ROUTINE, WRITES A TO CURRENT CUR LOCATION

-

>
VWR: IHLD

VCADL ;CUR LOC TO HL
CALL vouT ;A TO IOC HL
RET ’

b

;

sVID STORE ROUTINE, SAVES NEW CUR LOCATION (ENTERS IN HL)
;AND SAVES CHAR AT NEW CUR IOC, WRITES CUR CHAR TO NEW
; LOCATION

’

VSTOR:

SHLD VCADL  ;SAVE NEW CUR IOC

CALL VIN ;NEW CHAR UNDER CUR TO A
STA VCHUC  ;STORE CHAR UNDER CUR
LDA VCUR ;CUR CHAR TO A

CALL VOUT ;WRITE CURSOR

RET

.
H

’
;VID ROUTINE TO SEE IF HL IS POINTING PAST THE END OF
sTHE DISPLAYED VID RAM, RETURNS WITH CARRY SET IF SO

?

VOFFSC: MVI

A,VIDEND SHR 8 ;HI BYTE OF VID RAM END TO A
CMP il sSEE IF HI BYTE IS ABOVE
RC sRET IF SO
Jz VOFFSC! ;IF =, TEST IO BYTE
RET
VOFFSC1 :MVI A,VIDEND AND OFFH ;10 BYTE OF RAM END TO A
CMP L
RET sCARRY SET IF ABOVE

-e ee

;VID SCROLL ROUTINE, SCROLLS SCREEN UP ONE LINE

’

’

VSCROL: PUSH H ;SAVE HL
IXT D,VBASE ;DE POINTS TO START OF VID RAM
IXT H,VBASE+VSIZE ;HL POINTS TO NEXT LINE
IXT B,23*VSIZE ;NUMBER OF BYTES TO MOVE

VSCWT1: CALL VSTAT ;WAIT FOR VERT RETRACE
JNC VSCWr1  ;LOOP
MVI A,08H ;BLANK CODE TO A
STA VCTRL  ;BLANK SCREEN

VSCROLO: MOV AM ;THIS CODE DOES THE ACTUAL SCROL
STAX D ;DATA UP ONE LINE
INX D ; INCRE POINTERS
INX H
DCX B sDECRE BYTE COUNTER.
XRA A ;ZERO A
CMP B ;SEE IF BC=0
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FM4A C243™M JNZ VSCROLO ;I0O0P IF NOT O

4D B9 CMP C H

M4E C243M JINZ VSCROLO ;LOOP IF NOT O

51 21COED LXT H, VIDEND-VSIZE+! ;HL POINTS TO START OF LAST LINE
54 CD22™M VSCROL1 : CALL VOFFSC ;SEE IF OFF SCREEN

™57 DAGTH JC VSCROL2 ;JUMP IF OFF

FM5A 3E20 MVI A," ' ;ASCIT BLANK TO A

F5C 77 MOV M,A ; BLANK TAST LINE

™M5D 25 INX H ; INC TO NEXT IOC

MSE C354M JMP VSCROL1 ;CONT

F161 CD98M VSCROL2: CALL VSTAT ;WAIT FOR VERT RETRACE

64 D261M JNC VSCROL2 LOOP

™M6T 3BE0C MVI A,OCH ;UNBLANK CODE TO A

69 32FSEF STA VCTRL UNBLANK SCREEN

™M6C E1 POP H ;RESTORE HL (NEW CUR I0C)

™6éD C312M JMP VSTOR SAVE CUR PARA AND WRITE CURSOR

.
,

VID START OF LINE ROUTINE, RETURNS ADDRESS OF THE START OF
;THE LINE THE CURSOR IS IN (RETURNED IN HL), Z IS SET
;IF THE CURSOR IS AT THE START POINT

.
’
.

F170 2100B8  VSOL:  IXT

H,VBASE ;BASE ADD TO HL
F173 014000 - IXT B,VSIZE ;LINE SIZE TO BC
176 54 VSOL1: MOV D,H :STORE HL IN DE
F177 5D MOV E,L
F178 09 DAD B sINC HL TO START OF NEXT LINE
F179 3A4400 IDA VCADH ;CUR IOC HI BYTE TO A
FM7C BC CMP H “HT BYTE - H
F17D DASBM Je VSOL2 ;HL > CUR IOC, USE IAST SOL IN DE
T80 C2T6F JINZ VSOL1  ;TRY NEXT LINE
8% 3A4300 IDA VCADL  ;CHECK LO BYTE
F86 BD CMP L -I0 BYTE - L
™87 8 B/ sCUR AT START OF LINE, RET
88 D276 . JNC VSOL1  ;TRY NEXT LINE
F18B EB VSOL2: XCHG sTAST SOL TO HL FROM DE
F8C €9 RET

}

;VID RAM READ ROUTINE, READS RAM POINTED TO BY HL
; DURING SCREEN RETRACE, RETURNS CHAR IN A

.
b4
.

78D CD98F1 \,TIN: CALL VSTAT  ;WAIT FOR RETRACE
F90 TE MOV A,M ;READ IF B6=O=RETRACE
™91 C9 RET

.
?
.

’
;VID RAM WRITE ROUTINE, WRITES A TO RAM POINTED TO
;BY HL DURING SCREEN RETRACE

.
’
.

F192 4F YOUT: MOV c,A sSAVE ASCII IN C
F19% CD9SM CALL  VSTAT ;WAIT FOR RETRACE

8085/780 Video Driver Routine, 64 character version Page 6



9% T
™Ma7 C9

7198 3AFGEF
™MO9B 17
79C D8
™MaD 17
T 9E D208
™MA1 ZAFSEF
MAL 1T
F1A5 D8
F™MA6 17
FMAT7 DAAT™
FMAA C9

FMAB TE
™MAC FEFF
F1AE C8
MAF BO
™MBO C8
™MB1 23
MB2 23
™MB3 23
B4 C3ABM
™MBT7 23
MB3 5E
MBI 25
FMBA 56
™BB EB
MBC B9

MBD

8085/7%80 Video Driver Routine, 64 character version

MOV
RET

we e

M,C

;DATA OUT

VID STATUS ROUTINE, WAITS FOR START OF A HORZ RETRACE THEN
REPURNS OR RETURNS IMMED IF IN A VERT RETRACE WITH CARRY SET
B6 1(DISPLAY) -O(RETRACE) B7=1(1MS AT START OF VERT RETRACE)

’

VSTAT: IDA
RAL
RC
RAT,
JNC

VSTA™ : IDA
RAT,
RC
RAL
Jc
RET

e we o

g =
i

MOV
CPI

TBJP: INX
MoV

MOV

XCHG

END

VCTRL

VSTAT
VCTRL

VSTAT1

&
=

mEm Q %

&
=

-

oRHME
= =

;READ STATUS

$SHIFT VERT STAT TO CARRY

;RETURN IF IN A VERT RETRACE
;SHIFT B6 TO CARRY
sWAIT UNTIL NEXT RETRACE

;READ STATUS AGAIN

s SHIFT VERT STATUS TO CARRY

;RETURN IF IN A VERT RETRACE

;SHIFT B6 TO CARRY
;WAIT FOR RETRACE

SEARCH ROUTINE, HL POINTS TO TABLE, INPUT IS IN C

;GET DATA FROM TABLE
;SEE IF END OF TABLE
;RETURN IF SO
;COMPARE WITH INPUT
;RETURN IF =

;CHECK NEXT DATA
;INCRE TO I, JUMP BYTE
;PUT IN E

INCRE TO H JUMP BYTE
;PUT IN D

PUT DE INTO HL

;JUlV[P TO HL
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