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SPECTIFICATIONS:

i —— v v

COMPONENTS :

= 1 terminal controller PCB: CTM-100, 1108.

= 1 power supply PCB: CTM-300-PS, 1109.

= 1 transformer: 230V or 115V primary, 7.5V and 28V secondary.
= 1 rack mountable enclosure: GER-100 FRAME, 5043.

VIDEQ:

= RS-330 type composite video signal, 1 VPP when terminated by 75 .

DISPLAY FORMAT:

= 24 x 80 light characters on a dark background
- Non-interlaced raster with a selectablé& 30 .or:60 Hz refresh rate.
- Character cells 7 dots wide by 10 scan lines high.

: SizniynesG Fiusvid

CHARACTER SET:

= 96 uppercase and lowercase charactérs |
- Characters are formed in a 5 x 9 dot matrix. R

SERIAL COMMUNICATIONS INTERFACE:

=~ 20 mA current loop TTY compatible.

- Switch selected half or full duplex operation.

—Input and output parity are separately selectable as odd, even, or no parity.
- One or two stop bits, switch selectable.

- 110, 300, 600, 1200, 2400, 4800, 9600, or 19.2K BAUD, switch selectable.

KEYBOARD INTERFACE:

- TIL compatible 7 bit paralled ASCII interface.
- Repeat key and Break key inputs.
= Positive going data and keyboard strobe.

OPERATING MODES:

Normal Text Mode (No scroll).
Scroll Mode.

Auto Line Feed Mode.

Split Screen Mode.

~ Two switch selectable command modes.
- Self Test Mode

CURSOR:

= Full character cell inverted video or underscore.
- Positioned by control characters.



SPECIFICATION (Cont'd):

SCREEN ERASE:

- All text is erased by Ocﬂ

ENCLOSURE DIMENSIONS:

- = Height: 3 3/8". Width: 17 in. Depth: 13"

- Mounts in standard 19" EIA RACK

POWER REQUIREMENTS:

- 1A @ 115 VAC
- 1.5A @ 220 VAC
- FUSE for

CONNECTORS :

= TTY connector — Female DB 25

-="Reyboard Connector - Female DB 25

- Video - B.N.C. connector.

FUNCTIONAL DESCRIPTION:

The GER-100 conmsists of a 19" rack mountable chasis containing a computer terminal
controller card and a power supply. The terminal controller is a firmware controlled

- microcomputor operating an alphanumeric video controller, a serial interface, and a

keyboard interface. The GER-100 provides a three way interface between a host
computer, a keyboard, and a video display as shown in figure 2-1.

COMPUTER

GER-100

KEYBOARD

Figure 2.1- - GER-100 IN SYSTEM



2.1

2.1.1

2.1‘2

VIDEQO INTERFACE:

FORMAT:

The basic text format is 24 character rows by 80 character columns, and the characters,
normally light on a dark background, are formed in character cells 7 dots wide by 10
scan lines high (see figure 2.2). The font of 96 uppercase and lowercase characters
used, is shown in figure 2.3. The display, which uses a non-interlaced raster, can be
switched to use either a 60 or 50 Hz refresh rate, making it compatible with both
American and European systems.
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FIGURE 2.3 — CHARACTER FONT

TEXT MODES:

The GER-100 has three text modes: Normal, Scroll, and Split Screen. When the Normal
Mode is used, the cursor's home position is in the upper left corner of text, and if it
is moved down past the bottom line; it wraps around to the top line of text. In the
Scroll Mode, the cursor's home position is the lower left corner of text, and when a
line feed occurs, the entire text is scrolled up one line leaving the cursor in the new
bottom line. The Split Screen mode divides the display into two independent horizontal
sections, with the position of the dividing line determined by the user. The cursor
will stay in one section or the other until it is moved across the boundary by a
vertical tab instruction. Either section can be assigned the Normal Text Mode, or the
top can be in the Normal Mode while the bottom is is the Scroll Mode.



2.1.3

2.2

2.4

EDITING FEATURES:

The GER-100 has a comprehensive set of cursor, erase, and character attribute controls,
which facilitate text editing.

The cursor can be selected as block or underscore and can be moved by a set of
commands; including Home, Left, Right, Up, and Down instructions, as well as horizontal
and Vertical Tab instructions, which move the cursor via XY coordinates. The
horizontal coordinate can be given as two ASCII coded numbers or as one B.C.D. byte;
the vertical coordinate can be given as two ASCII coded numbers or as a 5 bit binary
number. An auto line feed mode can be selected, causing the cursor to automatically go
to the next line every time there is a carriage return. Another editing feature allows
the host computer to obtain the cursor position via the serial interface.

Erase instructions are provided, allowing the entire text to be erased, a single line
of text to be erased, or text from cursor to end of line to be erased.

Portions of text can be assigned as inverse video, resulting in dark characters on a
light background.

COMPUTER INTERFACE:

The GER-100 communicates with the host computer via a 20mA current loop serial
interface, which can be configured by switches for several modes of operation. Input
and output parity are separately selectable as even, odd, or no parity; and the user
can choose one or two stop bits. Both full and half duplex operation are possible and
the unit can be operated in on line or off line mode. The user can also select the
baud rate which can be from 110 baud to 19.2K baud.

KEYBOARD INTERFACE:

Any standard TTL compatible ASCII keyboard using positive logic can be connected to the
GER-100. In addition to the parallel ASCII inputs, the unit provides inputs for break
and repeat keys as well as a +5V supply to power the keyboard.

CONTROLS :

The various GER-100 functions are controlled by a series of programming straps and
switches on the P.C.B. as well as by control characters originated by the keyboard or
host computer.

Straps are used to select 50 Hz or 60 Hz operation and the cursor format (block or
underscore). Switches program the serial interface parameters, scroll or normal text
mode, auto line feed mode, and the command modes.

The GER-100's character font and response to control characters varies depending on
which of two switch selectable command modes (A or B) is used; however, in general
control characters control cursor positioning, erase functioms, split screen mode, and
character attribute assignment.



3.0

" 3.1.1

3.1 '2

3.1.3

OPERATING INSTRUCTIONS:

SWITCHES AND STRAPS:

Functions which are not normally changed during actual operation are set by a series of
switches and straps found on the terminal controller. The switches are in two dual in
line packages; SWO and SW1l, labelled as A8 and A24 respectively on the P.C. board. The
straps are implemented using wire wrap pins numbered 1 through 18.

FULL DUPLEX/HALF DUPLEX MODE SWITCHES (4 - SW1):

When switch 4 of SW1 is closed, the serial communications interface operates in Full
Duplex Mode. Character codes generated by the keyboard are transmitted to the host
computer, bypassing the display electromics, and the computer echoes each character
back, writing it to the display. When 4-SW1l is open, the serial interface operates in
Half Duplex Mode, and data entered by the keyboard is sent to both the display and the
host computer. Y '

4 - SW1 open = HALF DUPLEX
4 = SW1 closed = FULL DUPLEX

SCROLL MODE SWITCH (5 - SW1):

When switch 5 of SW1 is open, the displayed text will scroll up one line if the cursor
is in the bottom line and a line feed or cursor down command is received by the display
electronics. The top line is lost from view, and a new blank line appears at the
bottom. The cursor home position is in the lower left cornmer of the display.

When switch 5 of SW1l is closed, the text is not scrolled, and the cursor reappears 4n
the top line if it is moved down passed the bottom line. The cursor home position is
in the upper left corner of the display.

5 = SW1 open = Scroll Mode
5 = SWl closed = Normal Text Mode

AUTO LINE FEED (1 - SW1):

When switch 1 of SW1l is open, a line feed is executed every time there is a carriage
return (CR). When 1-SW1 is closed, line feeds are not automatically executed when
there is a carriage return.

1 - SW1l open = Automatic Line Feed
1 - SW1 closed = Normal Line Feed



3.1.4

3.1.5

3.1.6

3.1.7

3.1.8

BAUD RATE SELECTION (1, 3,

SWO) :

Switches 1, 3, and 4 of SWO determine the baud rate used by the serial communications
interface. Table 3.1 shows how the switches are set for the various baud rates.

BAUD RATE
SWITCHES
1o 320 600 1200 2400 4800 9600
1 - swo 0 1 o] 1 0 1 0
4 - SWO0 0 0 1 1 0 0 1
3 - Swo 0 0 0 0 1 i 1
0 = SWITCH CLOSED 1= SWITCH OPEN

Table 3.1 — BAUD RATE SELECTION

PARITY ON/OFF (7 - SWO):

When switch 7 of SWO is open the serial communications interface adds parity bits to
the outgoing data, and checks incoming data for parity. If this switch is closed,
parity is ignored.

7 — SWO open = Parity
7 — SWO closed = No Parity

INPUT PARITY ON/OFF (7 - SWl):

When switch 7 of SW1 is open and the PARITY ON/OFF switch is open, the GER-100 reacts
to parity erors detected by the serial communications interface by ignoring the

character with the error. When switch 7 of SW1 is closed, parity errors are not
detected.

7 - SW1 open = Input Parity
7 - SWl closed = No Input Parity

EVEN/ODD PARITY (5 - SWO):

When switch 5 of SWO is closed, the serial communications interface uses even parity.
When this switch is open, odd parity is used.

5 = SWO closed = EVEN PARITY
5 = SWO OPEN = ODD PARITY

STOP BITS (6 = SWO):

When switch 6 of SWO is open, two stop bits are used. When this switch is closed, one
stop bit is used.

6 - SWO open = Two Stop Bits
6 - SWO closed = One Stop Bit



3.1.9

3.1.10

3.1.11

BITS/CHARACTER (2, 8 = SW0):

As shown in the following table, switches 2 and 8 of SWO determine the mumber of bits
per character used by the serial interface.

BITS/CHARACTER 5 ] 7 8
8 - SWO CLOSED OPEN | CLOSED| OPEN
2 - Swo CLOSED JCLOSED | OPEN OPEN

ON LINE/OFF LINE (2 - SW1):

When switch 2 of SW1 is closed, the GER-100 operates off-line. That is to say, the
serial communications interface is disabled. When this switch is open, the serial
communications interface is functional. Note that the GER-100 must be in off-line mode
when the serial interface is not connected.

2 - SWl closed = OFF LINE
2 - SW1 open = ON LINE

When switch 6 of SW1 is closed Command Set A is functional. When switch 6 of SW1 is
open Command Set B is functional. Table 3.1 shows the basic differences between the to
two command sets. A detailed description of control character commands, describing
their use with respect to the command mode, is given in section 3.2.

\

COMMAND MODE A

COMMAND MODE B

Character Font

64 Uppercase Characters
(Lowercase Converted to
Uppercase by Displav)

96 Uppercase and Lowercase
Characters

Character Attributes

No Character Attributes

Inverse Video

Erase Functions

Screen Erase

Screen Erase Plus Two Line
Erase Functions.

Split Screen Mode

No Split Screen Mode

Split Screen Mode

Cursor Address Access

Cursor Address Can Not be
Read

Cursor Address Can be. Read

Cursor Address Notatio

Binary and BCD Line & Column

Numbers starting with §

ASCII Coded Line and Column
Numbers Starting with 1

Table 3.1 — COMMAND MODE A Vs COMMAND MODE B

3.1.12 SELF TEST (3-SWl):

When switch 3 of SW1 is open, the GER-100 goes into the normal monitor program at
start-up. When switch 3 of SW1 is closed, the GER-100 goes into a special self test
program at start-up.



3.1.12 SELF TEST (3-SWl) (Cont'd):

3.1.13

The self test has three parts: the memory test, the PCl and display test, and the
keyboard and switch test. It first runs the memory test, which takes about 20
seconds. The memory test first writes OOH into every location from 4000H through 477FH
then reads each location writing the complement of the data back into the location.
When it has done this for every location it increments the data and repeats the entire
opeation, continuing until FFH has been written to every location. If there is an
error, the alarm line is made active. Note that the data written to memory is
automatically displayed.

The self test next runs the PCl and display test, which outputs codes OOF through FFH
to the PCl. After each output the CPU does an input from the PCl and displays the data
found there. If the serial interface is in full duplex mode or if the loop back
connections in figure 3.1 are mode. The data that is output should return through the

PCl and be displayed. .
DE25 STRAP
23
17 :___> LOOP-BACK
18
) Disconnect the host computer from the serial
24 interface and replace it with a male DB-25
25 connector strapped as shown.
D,

Figure 3.1 - LOOP-BACK CONNECTOR

The third part of the self test is the keyboard and switch test which displays switch
values plus the character font. If the user charges a switch position it will be
reflected by a change in the display. The keyboard is tested by entering characters
from the keyboard. As they are entered they will appear at the bottom of the screen
and disappear from the font. The self test loops in this mode until power down.

50/60Hz (PINS 6, 12, 18):

When wire wrap pin 12 is strapped to pin 6, the display electronics are programmed to
work with European systems (50 Hz). When wire wrap pin 12 is strapped to pin 18, the
display electronics are programmed to work with American Systems (60 Hz).

6 - 12 IN, 18 - 12 OUT = 50 Hz
6 - 12 OUT, 18 - 12 IN = 60 hz



" %.1.14 BLOCK/UNDERSCORE CURSOR (PINS 3,9, 15):

When wire wrap pin 9 is strapped to pin 3, the cursor covers the entire character cell.
When wire wrap pin 9 is strapped to pin 15, the cursor underlines the character cell.

9 -3 IN, 9 - 15 OUT = Block Cursor
9 - 3 00T, 9 - 15 IN = Underscore Cursor (as-shipped)

3.2.0 USE OF CONTROL CHARACTERS:

Table 3.2 provides a quick reference for control character use; more detailed
explanations of the control character functions are found in subsections 3.2.1 through
3.2.13. It must be remembered that there are two command modes (A and B) controlled by
switch 6 of SW1 (see sec 3.1.11), and that some of the following commands can not be
used in Command Mode A. It should also be noted that the cursor address notation
varies with the command mode (see sec 3.2.6).

CTRL CONTROL APPLICABLE
R o o
CTRL~-A S0 Gln Home Cursor ) . A and B
CTRL-D EOT P4y | End Inverse Field B only
CTRL-F ACK f#6u | Move Cursor Right A and B
CTRL-G BEL @74 | Enable Alarm A and B
CTRL-J LF PAy | Move Cursor Down A and B
CTRL-K VT #By g:;ziizllgzzzor Position A and B
CTRL-L FF fCy | Erase Entire Screen goDS A and B
CTRL~M CR Dy | Carriage Return A and B
CTRL-0 st | #F) | Output Cursor Address B only
CTRL-P DLE ;DH Horizontal Cursor Position A and B

Expect Inout
CTRL-R DC 2 124 | Start Inverse Field B only
CTRL-T DC 2 |14y | Erase Entire Current Line B only
CTRL-U NAK 154 | Move Cursor Left A and B
CTRL-V SYN 16n | Split Screen Boundary B only
CTRL-Z SUB 1Ay | Move Cursor Up A and B
CTRL-1 GS 1Dy | Disable Split Screen B only
CTRL-" RS 1Ey4 | Erase to End of Line B only
CTRL~ - vs 1Fy | Enable Split Screen B only

Table 3.2 — CONTROL CHARACTER



3.2.1

3.2.2

3.2.3

3‘2.4

3.2.5

3.2.6

HOME CURSOR (CTRL -A):

When the GER-100 receives a CTRL-A character the cursor returns to its home position.
Normally this is the upper left corner of text; however, in Scroll Mode it is the lower
left cornmer of text. The Home Cursor command is identical in both command modes (A and
B).

MOVE CURSOR RIGHT (CTRL -F):

When the GER-100 receives a CTRL-F, the cursor moves one space to the right. This
command is the same in both command modes.

MOVE CURSOR LEFT (CTRL -U):

When the GER-100 receives a CTRL-U, the cursor moves one space to the left. This
command is the same in both command modes.

MOVE CURSOR UP (CTRL -Z):

When the GER-100 receives a CTRL-Z, the cursor moves up one line. If the cursor is in
the top line it will wrap around to the bottom except when the GER-100 is in command
mode B. In this case the entire text will scroll down when CTRL-Z is entered. In all
other respects this command is the same in both command modes.

MOVE CURSOR DOWN (CIRL =J):

When the GER-100 receives a CTRL-J, the cursor moves down one line. This command is the
same in both command modes.

CURSOR CONTROL BY COORDINATES (CTRL -K, CTRL -P):

The cursor can be moved from one position to another via a system of horizontal and
vertical coordinates. A CTRL-K followed by a line number will move the cursor to that
line. Similarly, a CTRL -P followed by a column number will move the cursor to that
colum. The form of these coordinates depends on the command mode. :

When the GER-100 is in Command Mode A, the text rows are numbered 0 through 23,
starting at the top of the display, and the columns are numbered O through 79 starting
at the left of the display. The character following a CIRL-P is interpreted as a two
digit binary coded decimal column number in the range O - 79. If the 4 LSBs are
outside the BCD range (0 — 9), they are interpreted as zero; the most significant bit
of the 4 MSBs is masked, preventing numbers higher that 7 (FH is interpreted as 7H
etc). The vertical coordinate, in Command Mode A, is given as a 5 bit binary number
formed by the 5 least significant bits of the character following CTRL-K. If the
number is greater than 23, only the 4 LSBs are interpreted as the new vertical
coordinate. In the special case where the vertical coordinate is 10H, it is also
interpeted as CTRL-P and a column number must follow.

10



3.2.7

3.2.8

3.2.9

3.2.10

3.2.11

0K CONTROL BY COOKDINATES (CIRL-K, CTRL—F) (Cont‘d):

When the GER-100 is in Command Mode B, the text rows are numbered 1 through 24 from the
top of the display, and the text columns are mumbered 1 through 80 from the left of the
display. The horizontal and vertical coordinates are coded in the same way, each
taking the form of two ASCII coded digits following CTRL-P or CTRL-K.

For example in Control Mode A the cursor would be moved to row 20 column 70 by entering
the following:

CTRL-K, CTRL-S (13H) CIRL-PI (6SH)
In Control Mode B the same cursor position would be achieved by entering the following:

CIRL-K 20 CIRL-P 70

CARRIAGE RETURN (CTRL-M):

When the GER~100 receives a CIRL-M the cursor returns to the start of the current line.
If the Auto Line Feed Mode is enabled (1-SW1l), a line feed is executed as well. This
command is the same in both command modes.

OUTPUT CURSOR ADDRESS (CIRL-0):

This command is only valid for Command Mode B. When the GER-100 receives a CIRL-0, it
outputs the following 5 byte response on the serial interface: _ - .

Byte 1 - Preamble (OFH)

Byte 2 — MSB horizontal address in ASCII (range O - 8) ’
Byte 3 — LSB horizontal address in ASCII (range 0 - 9) ~“< /
Byte 4 — MSB vertical address in ASCII (range 0 - 2) e /
Byte 5 — LSB vertical address in ASCII (range 0 - 9)

ERASE ENTIRE CURRENT LINE (CTRL-T):

This command is valid only for Command Mode B. When the GER-100 receives a CTRL-T, the
line containing the cursor is completely erased.

~

ERASE TO END OF LINE (CTRL-_)_:

This command is valid only for Command Mode B. When the GER-100 receives a CTRL-®,
text is erased from the cursor to the end of the line it occupies.

ERASE ENTIRE DISPLAY (CTRL-L):

When the GER-100 receives a CIRL-L, the entire display is erased and the cursor returns
to its home position. This command is the same in both control modes.

11



3'2 .12

3.2.13

3.2.14

INVERSE VIDEO (CTRL~R, CTRL-D):

The Inverse Video commands can only be used in Command Mode B. Characters entered
following a CTRL-R will have the inverted video character attribute. That is to say,
the characters will be dark on a light background. Characters entered after a CTRL~D
will have normal video.

SPLIT SCREEN MODE (CTRL-<, CTRL-V, CTRL-]):

The Split Screen Mode commands are valid only for Command Mode B. When the GER-100
receives a CTRL-< the display changes to Split Screen Mode: the screen is divided into
two independent horizontal sections. If the display is in Normal Text Mode, both the
bottom and the top sections will be normal. If, however, the display is in Scroll Mode
(see sec. 3.1.2), the top section will be normal and the bottom section will be in
Scroll Mode. The cursor stays in one section or the other until it is moved across the
boundary by a CIRL-K (see sec 3.2.6).

The boundary between the upper and lower sections of text is set by entering a CTRL-V,
followed by two ASCII coded digits which indicate the position of the top line of the
bottom section (lines are numbered from 1 to 24 starting at the top of the display).
Once this parameter has been set, it stays valid until changed by another CTRL-V
command .

When the GER-100 receives a CTRL-] the Split Screen Mode is terminated.

ALARM (CTRL~G):

When the GER-100 receives a CTRL-G, the alarm line produces a 400mS, +5V pulse which
drives a 100mA Sonalert mounted on the back of the chasis. This command is the same
for both command modes.

INITIAL CHECKOUT:

This section provides a step by step procedure that can be followed to start up the
GER-100 and familiarize the user with its various functions. The GER-100 is thoroughly
tested at the factory and should work 1f this procedure is followed correctly;
however, 1f there is a problem and the user is certain that all switches and
connections are correct, he can refer to the trouble shooting guide in section 6.0.

1. Visually inspect the unit for any shipping damage.

2. Remove the top cover (6 screws) and set the two DIP programming switches as
indicated in table 4.1. Note that SWO = A8 and SW1 = A24.

12



£

Lo d - I d
INITIAL CHECROUT {Comt

Vajarcla rdate ] o Puarey |

- 5 YN
ays

3.

SWITCH STATE FUNCTION

1 - sup * BAUD RATE # (See sec 3.1.4)

2 - SWp OPEN BITS PER CHARACTER 1

3 - swd * BAUD RATE 2 (See sec 3.1.4)

4 - SWp * BAUD RATE 1 (See sec 3.l1.4)

5 - SWp * ODD/EVEN PARITY (See sec 3.1.7)

§ = SWp * 1 or 2 STOP BITS (See sec 3.1.8)

7 - SW9 * PARITY OR NO PARITY (See sec 3.1.5)
8 - SWp OPEN BITS PER CHARACTER §

1l - SWl OPEN AUTO_LINE FEED

2 - SW1 CLOSED OFF LINE

3 - sl OPEN NORMAL MONITOR

4 - SW1 QPEN HALF DUPLEX

5 - SWl1 OPEN SCROLL MODE

6 - SW1 OPEN COMMAND MODE B

7 -swm * INPUT PARITY ON/OFF (See sec 3.1.6)
8 - SW1_|DON'T CARE| em—e—mm

*

These switches control the serial interface, and their state
depends on the conventions used by the serial interface of

the host computer.
parity, 5 - SWP must be closed. Refer to the sections indicated.

For example, if the host computer uses even

Table 4.1 - FIRST SWITCH CONFIGURATION FOR INITIAL CHECK-OUT

The board is strapped to be used with an American monitor {60Hz).

and wire wrap pin 12 must be strapped to wire wrap pin 6.

Connect the keyboard and the 20mA current loop serial interface. The GER-100's
end of the 20mA current loop is passive and the current must be supplied by the
host computer. An RS232C serial interface can be used in place of the current loop
if the strap from wire wrap pin 23 is moved from pin 2 to pin 27 (see sec 7.0 for

connections).

13

If a European
monitor (50Hz) is used, the strap between wire wrap pins 18 and 12 must be removed



4.0

INITTAL CHECROUT (Cont'd):

5.

8.

9.

10.

11.

12,

13.

14.

15.

16.

Connect a video monitor to the GER-100 via the BNC connector provided on the board.
Note that direct drive monitors will not work.

Apply power. The GER-100 should now be operating in off line mode. That is to
say, the serial communications interface is disabled and the keyboard is accessing
the display directly. The display should be blank except for a flashing cursor in
the lower left of the screen.

Enter some characters via the keyﬁoard, checking that they are displayed correctly
and that the cursor moves.

Press Carriage Return and check that the text scrolls up one 1ine while the cursor
moves to the left of the bottom line.

Try the control character commands described in section 3.2. They should all work
except for Output Cursor Address which will only work in On-Line Mode.

Change to On-Line Mode by changing .2-SW1 to open, and if the host computer's serial
interface is full duplex go to full duplex operation by changing 4-SW1 to closed.

Check that the serial interface is working correctly. If full duplex operation is
being used, the appearance of typed characters on the display indicates that the
host computer is receiving characters and echoing them back to the display. If
half duplex operation i1s being used, the host computor will have to be programmed
to write something on the display in response to data from the GER~100.

Change 5-SW1 to closed and check that the board operates correctly in normal Text
Mode.

Have the host computer obtain the cursor address by using the CTRL-0 command. As
is, it will be given as ASCII coded digits with the horizontal position first (see
sec 3.2.8).

Go to Command Mode A by closing switch 6 of SW1 and check that the cursor
addressing is as described in section 3.2.6.

Power down, disconnect the host computer from the serial interface and replace it
with a male DB-25 connector wired as shown in figure 3.1. Close 3-SW1 and power
up. The GER-100 should enter the self test mode. Refering to section 3.1.12 run
through the self test.

Most of the boards functions have now been checked.

14



5.0

CIRCUIT DESCRIPTION:

The GER-100's terminal controller PCB, the CTM-100, is basically a firmware programmed
microcomputer containing a programmable serial interface and a programmable video
controller. When power comes up, the firmware program initializes the serial interface
and video controller, then directs their operation in accordance with on~board
programming switches and straps, as well as control characters from the keyboard and
host computer. The CPU writes text from the keyboard and host computer to a block of
RAM which is contimually being scanned and displayed by the video controller. This RAM
plus another smaller block, used for the C.P.U.'s stack, is referred to as the Text
Memory.

The CTM-100 is actually one specific configuration of a circuit designed to emulate
different terminals by changing firmware, straps, and optional I.C.'s. For this reason
some of the circuitry may seem more complicated than is necessary and optional circuits
not used in the CIM-100 configuration may be found in the schematics.

Schematics are included at the back of this mamal. These and the block diagram in
figure 5.1 should be referred to while reading the rest of this section.

TO COMPUTER
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Figure 5.1 - BLOCK DIAGRAM OF GET-100
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5.1

5.2

5.3

5.4

ARCHITECTURE:

The CTM-100 uses a fairly orthodox architecture, with data moving between the CPU and
its supporting circuits via a common data bus. The four most significant memory
addresses are decoded in A4, which provides enabling signals for the various sections
of ROM and RAM, and the alarm. All other constituent units are accessed by programmed
1/0, with A3 decoding the I/0 addresses.

The text memory, containing the displayed information plus the C.PJU.'s stack, can be
accessed by both the CPU and the video controller, which is constantly refreshing the
display. An arbitration circuit, described in section 5.6, assures that there are no
memory contention problems.

PROGRAMMING SWITCHES AND STRAPS:

The board contains one set of wire wrap pin implemented programming straps (PINS 1-18)
and two sets of DIP programming switched (SWO and SW1). The logical state of these
straps and switches is read by the C.PJJ. to determine part of the firmware program's
operation. Only two of the 5 bits controlled by the programming straps, are used by
the CTM-100 firmware: the remaining three are reserved for other configurations. The
specific function of each strap and switch is given in section 3.1.

KEYBOARD INTERFACE:

The keyboard interface consists of A71, A67 and part of A7. Parallel ASCII data is
latched into A71 by the keyboard strobe, which also initiates an interrupt to the CPU
by way of A69 and A34-6. The CPU uses a method described in the next subsection to
determine that it is the keyboard that is interrupting, then inputs the data from that
location. The keyboard's Repeat and Break key has a separate inmput, and it status is
read at the same I/0 location as the programming straps.

SERIAL INTERFACE:

The serial interface has two main parts: a programmable baud rate generator and a 8251A
programmable communications interface (PCI). The baud rate generator is composed of
A36, A66, and A67; and is programmed by CTLO3 through CTLO7 from Control Register Zero
(A70). It uses 16 MHz from the system clock (Al8) and provides the P.C.I. with 0, Txc,
and Rxc. Once initialized, the P.C.I. (A69) converts parallel data from the CPU into
serial data for the serial line and vice versa, adding and decoding the appropriate
stop and parity bits. When it receives a character on the serial line, it interrupts
the CPU via A34-6. The CPU then reads the PCI's status word to determine whether the
interrupt comes from the PCI of the keyboard interface. It can do this because the
keyboard strobe is fed into the status word via the PCI's DSR input. The status word
also allows the CPU to discriminate between interrupts caused by errors and interrupts
caused by valid data. Data sheets on the 8251A are found in section 8.

An optical interface (A83 and A84) is used to comnect the PCI with the passive end of a

20mA current loop. An examination of the schematic will show that an RS232 line can be
used instead of the current loop if the appropriate strap (47) is changed.
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5.5

5.5.1

VIDEO CONTROLLER:

The video controller is the largest of the CPU controlled sub units that make up the
CTM-100. It is composed of an independent programmable clock, a programmable Cathode
Ray tube controller I.C. (CRTC), a character generator, and a character attribute
circuit.

VIDEO CLOCK:

The video controller section has its own programmable clock designed to produce a
variety of dot clock and character clock frequencies. The CTM-100 only uses one set of
these frequencies; however, the programmable circuit is required so that firmware can
establish the different formats that other versions of the basic emulator board may
require. Figure 5.3 shows the video clock timing.

The video clock is composed of a crystal oscillator (AS56) and three programmable
dividers (A73, A74, and A75), arranged as shown in figure 5.2.

4

poT CLOcK . _
AS6 MACLX (]
EFFECTIVE
0CLK | perg
Tlx
ASl
' AT LD A73 75 o CCLX
+*1,lé 261 il +inoié
3 i
cnio-i CTLu-16

Figure 5.2 - VIDEO CLOCK

A clock inhibit signal (CI) is produced in A74 by dividing DCLK: the divide ratio is
set by CTL10~-13. This signal is used to inhibit the dot clk in the serial shift
register (A6l), producing a programmed effective dot clock frequency. A73 divides DCLK
by a divider from 6 to 11, depending on CTL14~-16, and A75 divides the resulting signal
by the same ratio used in A74, to produce a character clock (CCLK) that is a
submultiple of the effective dot clock frequency. It is A73 that sets the number of
dots per character cell, and A73alsoc produces the MACLK signal which is used in the
memory contention circuit (see sec. 5.6). The load signal (LD/) generated by A75
synchronizes CI with CCLK, as well as performing synchonization functions in the video
output section.

In the CTM-100, A74 and A75 always divide by one and A73 always divides by 6.

S N N e I O e
o in in in

Figure 5.3- VIDEO CLOCK TIMING
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5.5.2

5.5.3

5.5.4

5.5.5

5.6

CRTC:

The most important I.C. in the video section is the programmable cathode ray tube
controller (CRIC), because it is in this chip that the format is programmed. The CRTC
(A39) refreshes the display, provides vertical and horizontal sync pulses at the proper
times, and controlles the scroll and cursor functions. Data sheets on the CRTC are
found in section 8; it should be kept in mind however that not all of the CRTC's
possible functions are used by the CTM~100.

CHARACTER GENERATION:

In order to refresh the display, the CRTC is contimually scanning the Text Memory,
addresing 8 bit character codes (7 bit ASCII code plus one attribute bit). When one of
these codes is addressed, LD/ latches it into A62 where the first 7 bits are used to
address a 16 byte block of video information in the character generator ROM (A60). The
first 10 bytes of this block represent 10 horizontal sections of the character cell and
they are individually addressed by RAO through RA3 from the CRIC, then loaded into the
video shift register (A61) by LD. . Once loaded they are shifted out to the video output
section by the combination of DCIK and CI (effective dot clock).

The schematic shows RAO through RA3 going to A58 rather than A62. A60 is an optional
I.C. used to produce multiple height characters in other versions of the basic emulator
board. It is not installed in the CTM-100 and RAO through RA3 are strapped across the
empty socket making connections with A0 through A3 of A62 respectively.

CHARACTER ATTRIBUTE GENERATION:

Although the emulator board provides for several character attributes, only inverse
video is used by the CTM-100 version. It is enabled by bit 7 of the character code and
implemented in the exclusive OR gate A64-8. AS51 is used to synchronize attribute
enable with the video information. Note that the inverted video circuit is also used
to change the cursor signal from the CRIC into video information.

VIDEO OUTPUT:

The video output section consists of a mixing circuit and a transistor driver for the
composite video signal. Horizontal and vertical sync from the CRTC is mixed with TIL
video from A89 then made available at a BNC comnector. As can be seen on the schematic
other signals are provided as well, but these are not used by the CTM-100.

RAM CONTROL:

Before considering RAM control, it should be noted that not all of the RAM shown on the
schematic is present in the CTM-100. The optional Attribute Memory (A28 and A29) and
A30 of the Text Memory are not installed.

As previously mentioned, both the CPU and the CRTC can address the Text Memory. The
CPU, which can both read and write RAM, does so to change text or to manipulate its
stack. The CRTC can only read RAM, which it does to refresh the display. Memory
access is organized so that there are no contention problems that would cause errors or
display streaking.
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Since display refresh is an on-going process, it takes precedence over CPU accesses,
which are less frequent; and the three multiplexers, A25, A40, and A4l, normally
connect the RAM address lines to the CRTC. The CRTC accesses RAM only when CCLK is
high, at which time the display data is placed in latch A62. Because this latch masks
the character generator from RAM, the CPU can have RAM access whenever CCLK is low,
without interfering with the display. The signal which gives RAM access to the CPU is
BCLE, and it is produced by the two flip flops in A57 on the first rising edge of MACLK
(AS57-11) after MREQ is active, CCIK is low, and BAl%4 is high. If all of these
conditions are not present when MREQ is generated, the CPU's wait line is pulled low
until they are present. BCLE switches the RAM address multiplexers to the CPU and
enables the control lines, RD and SEL.TEXT, that give the CPU data bus access to the
RAM data. When the access is a memory read the trailing edge of BCLE latches the data
from RAM onto the CPU data bus via All.

Figure 5.4 shows the timing for typical read and write accesses of the text memory by
the CPU. Note that the CPU's WR line is not used to control text memory: the fact
that RD remains high during a memory write is used to gate data from the CPU to the RAM
and to pull down the RAM W lines. It must be remembered that the CPU clock and the
video clock are not synchronized and MREQ can fall anywhere with respect to CCLK.

TEXT MEMORY READ TEXT MEMORY WRITE
—

wee UL Ui UL

SCLE DATIA LATCH iNTO Al

"
o

CPU CLOCK
4 MHz

:32"55 TEXT MEMORY ADDRESS x [ TEXT MEMORY ADDRESS X

DaATA BUS ﬂl ) < DATA FROM CPU =

DATA TO CPU |

NOTE: VIDEO CLOCK AND CPU CLOCK ARE NOT SYNCHRONIZED; THEIR RELATIONSHIP ABOVE IS
ARBITRARY .

Figure 5.4 - TYPICAL TEXT MEMORY READ AND WRITE ACCESS BY CPU
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7.1

TROUBLE SHOOTING:

Before attempting to trouble shoot this board, the circuit descripion in section 5
should be studied. The information contained therein plus the schematics at the back
of this mamual should be sufficient: however, a short list of possible problems along
with their probable causes is provided in this section as supplementary trouble
shooting information.

1. Problem: The display has no synchronization and is not stable. Some possible
causes.

a) The CPU is not being reset at power-up.

b) The CPU clock is malfunctioning.

c¢) The CPU is not able to access the firmware.

d) The CPU is not able to initialize the CRTC.

e) The 50/60Hz strap is incorrect.

f) The video clock is malfumctioning.

g) V SYNC, H SYNC, DISPEN, or CCIK are missing or distorted.

2. Problem: The display can not be accessed at all.

a) The RAM is not being accessed.
b) The character generator is not being accessed.
¢) The TTL video is missing.

3. Problem: The display can not be accessed from the keyboard.
a) The keyboard interface is malfunctioning.
4. Problem: The display can not be accessed from the host computer.

a) The serial interface is malfunctioning.

b) The programming switches controlling the serial interface are not set in a
manner compatible with the serial interface format used by the host computer.

¢) The break signal is being held low.

5. Problem: The characters in the display are not correct.

a) The character generator is malfunctioning.
b) The shift register A63 is bad.

¢) The half/full duplex switch is incorrect.
d) DCIK or LD are incorrect.

CONNECTORS

KEYBOARD CONNECTOR:

The GER-100 is connected to a keyboard via a female DB-25 conmnector mounted on the back
of the chassis. Table 7-1 shows this connector's pin assignment and the corresponding
pins on the PCB connector (J8) to which it is comnected internally.
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1
i ea

ZEVRNADN mm\mr'mnlr' + d):

AN e AL ATV S A ALY WAL

KEYBOARD J8 KEYBOARD J8
CONNECTOR | PCB SIGNAL CONNECTOR PCB SIGNAL
1 22 +5V 14 1 GND
2 24 +5V 15 3 GND
3 16 KSTB 16 5 GND
4 2 BIKB 17 7 GND
5 A B2KB 18 9 GND
6 6 B3KB 19 11 GND
7 8 BAKB 20 13 GND
8 10 BSKB 21 15 GND
9 12 B6KB 22 17 GND
10 14 B/KB 23 19 GND
11 20 BREKEY 24 21 GND
12 - N.C. 25 23 GND
13 - N.C.

TABLE 7-1 KEYBOARD CONNECTOR PIN ASSIGNMENT

TTY CONNECTOR:

PR - | - o

The GER-100 is counected to a current OOp serial interface via a female DB-2S
connector mounted on the back of the chassis. Table 7-2 shows this connector's pin ou

plus the corresponding pin out of the PCB connector (J1) to which it is connected
internally.

TTY Ji TTY J1
CONNECTOR PCB SIGNAL | CONNECTOR | PCB SIGNAL

1 1 GND 14 N.C. GND [

2 - N.C. 15 - GND

3 - N.C. 16 -

4 - N.C. 17 17 LINH

5 - N.C. 18 18 LIN-

6 - N.C. 19 -

7 7 GND 20 -

8 - N.C. 21 -

9 - N.C. 22 22 LBIAS
10 - N.C. 23 - N.C.
11 - N.C. 24 24 LOUT+
12 - N.C. 25 25 LOUT-
13 - N.C.

TABLE 7-2 SERTAL INTERFACE CONNECTOR
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7.3 POWER SUPPLY CONNECTOR:

The terminal controller PCB is connected to the powersupply PCB by a 7 PIN header
mounted on the controller PCP. The pin assignment is as shown in table 7-3.

CONNECTION 1
GND
+5V

+12V
GND
+5V
—12v
GND

g
\IG\U‘I-I-\D)NO—')-Z-l

TABLE 7-3 POWER CONNECTOR PIN OUT

7.4 VIDEO CONNECTOR:

A composite video signal for a CRT terminal is provided at a female BNC connector
mounted on the back of the chassis.

8.0 DATA SHEETS:

Data sheets for the Hitachi HD 465055 CRIC are not available at this time.

In their place we have included data sheets for a similar unit, the HD 46505R.
These data sheets are preceded by a short explanation of the differences
between the two I.C.'s
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9.0

10.0

MATNTENANCE AND WARRANTY:

Matrox products are warranted against defects in materials and workmanship for a period
of 180 days from date of delivery. We will repair or replace products which prove to
be defective during the warranty period, provided they are returned to Matrox
Electronic Systems Limited. No other warranty is expressed or implied. We are not
ligble for consequential damages.

ORDERING INFORMATION:

The GER-100 can be ordered directly from Matrox Electronic Systems Limisted or from its
worldwide network of distributors.
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1. Abstract display according to the specification programmed by MPU.

The CRTC is a LSI controller which is designed to The CRTC is also designed as a programmable controller, so
provide an interface for microcomputers to raster scan type applicable to wide-range CRT display from small low-
CRT displays. The CRTC belongs to the HMCS6800 LSI functioning character display up to raster type full graphic
Family and has full compatibility with MPU in both data display as well as large high-functioning limited graphic
lines and control lines. Its primary function is to generate display.

timing signal which is necessary for raster scan type CRT

Address Bus
Ao~A1s
MPU Data Bus
1 00—07
.____‘ ‘
A MAq MPX Bus
— § Driver
IRQ MA13
Refresh
Dot CLK Memory
CRTC
os ¢ Counter
A
RAO
y
RA4
Character f
Generator S
Video
? Control
CRT
Video

DISPTMG Signal o o
CUDISP
HSYNC
VSYNC Light

t - pen

psTe Light Pen
L ) Control

Fig. 1-=1 Example of the CRTC Character Display System
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2. Feature and Function

2.1 Features of the CRTC

(4) Programmable interlace/Non-interlace scan mode.
(5) Built-in cursor control function.
(6) Programmable cursor height and its blink.

(1) Number of displayed characters on the screen, ver- (7) Built-in light pen detection function.
tical dot format of one character, horizontal and (8) Paging and scrolling capability.
verzical sync signal, display timing signal are pro- (9) TTL compatible.
grammable. (10) Single + 5V power supply.

(2) Line buffer-less refreshing.
(3) 14-bit refresh memory address output. (16K words

max. access)

2.2 Function of the CRTC

Fig.2-1

Function of the CRTC

Sub-itemn

Function

Remark

Function of the CRTC

Programmable screen
format

Horizontal scan period

Vertical scan period(per.line)
Vertical scan pericdifine adjustment
Number of characters per line
Number of lines per screen

Number of rasters per line

Horizontal dispiay position on CRT
Vertical display position on CRT
Pulse width of heorizonta! sync signal

1

i
J

Programmable per one character
period

Programmable perd one line period
Progammable per one raster

Vertical dot number of one
character + line space
Programmble output timing of sync
signal

Cursor display position on screen

Built-in 14-bit cursor register

Programmable cursor Cursor height
display Cursor blink and its Period One choice between 16 fisid period -
and 32 fisld period

Non-interface mode

Scan mode Inmterlace mode One choice
Interiace sync and video mode

Light pen Buiit-in 14-bit light pen register

Refresh 14-bit refresh memory address output 16K words max.refresh memory

Memory access

Addressing

Programmable Built-in programmabie 14-bit start Paging & scrolling

Start address register on refresh memory

Address

Structure of the CRTC LSI

Single + 5V power supply

TTL compatible input/output
Directly connected bus with the
HMCS 6800 Family

N-channel, Silicon-Gate £/D0 MQOS
Full static operation of internal logic
40 pin DIL package

Apolication of the CRTC
(Expansibility}

Character display

Limited(simplejgraphic display

Full graphic dispiay

Color display.blink of displayed char-
acters

Cluster control

Alphanumeric, kanji & other char-
acters
Figure display{raster scan display)




3. CRT Display System

3.1 Principle of Raster Scan System
Raster scan system is the system where an electron
beam, which is deflected according to a certain rule, hits

* Scan Line

against the fluorescent screen of CRT and forms a frame.
An ordinary CRT display device forms a frame by
deflection of an electron beam by saw wave electric current
(or voltage) like a common TV set. This system is shown in
Fig. 3-1.

Vertical Scan period

Horizontal Scan

: Vertical Retracs period

1
Horizontal Retroce
Period Period

Fig. 3—1 Raster Scan System(Non-interlace)

One frame is composed both of horizontal scan from left
to right and of vertical scan from top to bottom to move
vertical position. Solid lines in Fig. 3-1 are called scan
period (or display period), and broken lines are cailed
retrace period. In this system, increase in frame number per
sec enables to lessen its flickering. Increase in scan line per
frame enables a high resolution. In an ordinary display
device, frame number between 50 and 60 per sec is used.
Besides the scan system shown in Fig. 3-1, there is another

scan system called interlace scan system, which is used for
a TV set, etc. As shown in Fig. 3-2, each latter half scan is
located in the middle of its former scans. Two-time vertical
scans {odd and even number fields) form one frame. The
CRTC is designed to be able to deal with the scan system
(interlace mode) shown in Fig. 3-2 as well as the scan
system shown in Fig. 3-1 (non-interlace mode).

———eee  Eyen Number Field(First)
...... Odd Number Field( Second)

Fig. 3—2 Raster Scan System(Interiace)
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3.2 Principle of Character Display System

Principle of character display is shown in Fig. 3-3. In
ordeér io keep characters dispiayed on CRT screen, it is
always necessary to repeat scans and refresh them. To do
this, an ordinary CRT display device adopts a method that
data to be displayed is stored in memory and screen is
refreshed according to its contents. Here, the memory
which stores data for display is called Refresh Memory.
Data_is written on Refresh Memory by data processing
system including MPU. The data is written in ASCII code,
$0 it cannot be displayed as characters. It is necessary to

convert the character code into the character pattern. The
converter is called Character Generator. Fig. 34 shows the
principle on which the character code is converted into the
character pattern. Character Generator is a kind of ROM
which generates the character pattern from the character
code and the scan line number as address. Normally one dot
period of characters is only several tem ns. To generate the
character pattern, it is necessary to read the character dot
per row or per column in parallel and to convert into serial.
Now 5 x 7, or 7 x 9 dot matrix format is widely used for
display of alphanumeric.

Control
Circuit . /

|
|
MPUY |
|
|
I

Memory

CRT Display

MPU System, etc.

Refresh Memory

- Fig. 3—=3 Principle of Character Display System

l——Character Address
Row Address

Read Qut in Parallel

A A
Scan Line Address T 1 1 |
I 2 b 1] |
} a 3 1 1] |
Character | 4 111111 1] |
g I-. | 5N 1} 1
| 6 |1 1] |
_J | 7 U 1] |
1{0fofo[of 01 | Trmracter | | ofl|1f1jof—="] .
Ascl Address | ; ; 1 | Shift Register CRT Electron Bearr
7-Bit | 3 @ i‘ I Signal for
Code | s OO } Modulation of
ogqee | 42 5 11 1l | Brightness
Hex 41 ] 6 1 11 | (Video Signal)
| 7 11j1]1 |
! ! |
| i !
| . i
Refresh Memory [ 1 |
12 |
! 3
| 4 l
I 5 |
| 6 I
| 7 | i . .
L e e _ N Fig. 3—4 Generation of Character Signal

Character Generator



Fig. 3-5 shows an example of character patterns dis- pattern of each scan line is generated according to the signal

played on the screen. Being shown in Fig. 3-1, asan electron indicating position of the line. This video signal modulates
beam scans both horizontally and vertically on the screen, an electron beam current to control brightness so as to
the data of refresh memory correspondent to its position of display characters on the screen.

scanning is read out successively. Then the character

4 O.0.0 o /L om \
&\I’\I\I W N N
2 - S S
o Vau Vo S
¢ hd Character
. >0 5000 y Crara
& © Dispiay
) 8 : =) &
One Line 5 X 4Py § .
14 Scan A4 W Z
Lines b
10
> Line Space
12
\ 14 J
First Scan Line
Second Scan Line

Fig. 3=5 Character Display on the Screen & Video Signal
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4, Structure of the CRTC

4.1 Structure of the CRTC

As shown in Fig. 1-1, the CRTC is a LSI which is con-
nected with MPU and CRT display device to control
CRT display. The CRTC consists of internal register group,
horizontal and vertical timing circuits, linear address gene-
rator, cursor control circuit, and light pen detection circuit.
Horizontal and vertical timing circuit generate RA,~RA,,
DISPTMG, HSYNC, and VSYNC. RA,~RA, are raster
address signals and used as input signals for Character
Generator. DISPTMG, HSYNC, and VSYNC signals are
received by video control circuit. This horizontal and
vertical timing circuit consists of internal counter and
comparator circuit. Linear address generator generates

4.2 Pin Assignment

refrech memory address MA_ ~MA to he u

STast LBl SLlT aiai 3

refreshing the screen. By these address signals, refresh
memory is accesséd periodically. As 14 refresh memory
address signals are prepared, 16K words max are accessible.
Moreover, the use of start address register enables paging
and scrolling shown in Fig. 9-11 and 9.12. Light pen detec-
tion circuit detects light pen position on the screen. When
light pen strobe signal is received, light pen register memo-
rizes linear address generated by linear address generator
in order to memorize where light pen is on the screen.
Cursor control circuit controls the position of cursor, its
height, and its blink.

Vss - 1
RES - 2
LPSTB — 3
MA, -t 4
MA, -— 5
MA; -1 6
MA; -— 7
MA. -~ 8
MA; -1 9
MA; -—1 10
MA; -t 11
MA; -— 12
MA - 13
MA:: -—1 14
MA:: —]1s
MA,; -1 16
MA.; -1 17
QSPTMG <« 18
CuDispP -t 19
Vee —= 20

40 — VSYNC
39— HSYNC
38 |—» RAc
37— RA;
36 p—> RA;
ELH RA;
34— RA:
33 po—> D

32 p—> D-
31— D;

30 [=—> 0

29 pe—> 0.
28— D:

27 p— Ds

26 je—> D,
25— Cs
24— RS

23 p— E

22 j— R W
21 p— CLK

Fig. 4—1 Pin Assignment of the CRTC



4.3 Internal Block Diagram

Vic V?s h_fg R/WE T3 RS Do~Dr
. . | i
T ] ] )
Address Regiater —
& R/W Control
Characrer Counter Horizontal Displaj
CLK played
cK (+258) cMP Ri | Register
MR} B
| ‘ Horizontal Totai
1 T P i
, % Ro cvr | CMP Ro Register K
1 o~ Horizontal Sync —
CMP [ R2 | pesition Register
ese
i LR~ | = HSYNC
CE MR ';I Horizontal Sync —
€K HorizontalSync Puise ~L_CMP | Rs | width Register
Width Counter
RQ
Raster Counter i ‘x'-T:-I\TF-'—'x R Maximun Raster
X cK (+32) -—r—l ® | Address Register
MR -
Line Counter [r———— Vertical Displayed
K .
c (+128) l A_CMP_K Re Register
MR{ R
S
[rmn— Vertical lotal
‘E‘L_C.MP Re Register
—
V Total Vertical i P
Contrai_K Rs R:gti?w Total Adjust
i ‘ SR DISPTMG
; CE TC Vertical Sync
CK Vertical Sync Puise CMP R ™ .
Width Gounter( + 1) Position_Register
NR
. Riz Start Address
™1 Linear Address T 13 | Register
CK  Generator r
: R Cursor Start
F 19| paster Register
Cursor
Control cuoisp
1'5 B Cursor End —
''| Raster Register
RQo~4 S
A CMP R'!; Cursor Register J
YN
L Interiace VSYNG
Control |« InterTace Modo
RAg ~RAL& Re Register
)
Rig | Lignt Pen
17| Register
— Set
LPSTB ] SYNC [ [
0 )
MAg~ MA13

Fig. 4-2 Internal Block Diagram of the CRTC



5. Function of Signal Line
As shown in Fig. 4-1, the CRTC provides 13 interface
signais to MFU and 25 interface signais to CRT dispiay.

5.1 Interface Signals to MPU

{1) Bi-directional Data Bus (Dy~D-)
Bi-directional data bus(Dy~D-) are used for data
transfer between the CRTC and MPU. The data bus
output are 3-state buffers and remain in the high-
impedance state except when MPU performs a CRTC
read operation.

{2) Read/Write (R/W)
R/W signal controls the direction of data transfer
between the CRTC and MPU. When R/W is at “High”
level, data of CRTC is transfered to MPU. When R/W is
at “Low” level, data of MPU is transfered to CRTC,

(3) Chip Select{CS)
Chip Select signal (C_?) is used to address the CRTC.
When CS is at “Low” level, it enables R/W operation to
CRTC internal registers. Normally this signal is derived
from decoded address signal of MPU wunder the
condition that VMA signal of MPU is at “High” level.
{4)" Register Select(RS)
Register Select signal (RS) is used to select the address
register and 18 conirol registers of the CRTC. When RS
is at “Low” level, the address register is selected and
when RS is at “High” level, control registers are
selected. This signal is normally a derivative of the
lowest bis (A, ) of MPU address bus.
(5) Enable(E)
Enable signal (E) is used as strobe signal in MPU R/W
operation with the CRTC internal registers. This signal
is normally a derivative of the HMCS6800 System @
clock.
Reset (RES)
Reset signal (RES) is an input signal used to reset the
CRTC. When RES is at “Low” level, it forces the
CRTC into the following status.
1. All the counters in the CRTC are cleared and
the device stops the display operation.
2. All the outputs go down to “Low” level.
3. Control registers in the CRTC are not affected
and remain unchanged.
This signal is different from other HMCS6800 family
LSIs in the following functions and has restrictions for
usage.
1. RES signal has capability of reset function
only when LPSTB is at “Low” level.
2. After RES has gone down to “Low” level,
output signals of MA;~MA, ; and RA;~RA,

(6

—

synchronize with CLK low level and go down
to “Low"” level. (At least, | cycle CLK signal
is necessary for reset.)

3. The CRTC starts the display operation im-
mediately after RES signal goes high.

5.2 Interface Signals to CRT Dispiay Device

(1)

(2)

{3

(4)

(5)

(6)

(7)

(8)

Character Clock{CLK)

CLK is a standard clock input signal which defines
character timing for the CRTC display operation. This
signal is normally derived from the external high-speed
dot timing logic.

Horizontal Sync (HSYNC)

HSYNC is an active high level signal which provides
horizontal synchronization for display device.

Verticai Sync{VSYNC)

VSYNC is an active high level signal which provides
vertical synchronization for display device. The pulse
width is fixed at 16 horizontal scans (16H).

Display Timing(DISPTMG)

DISPTMG is an active high level signal which defines
the display period in horizontal and vertical raster
scanning. It is necessary to enable video signal only
when DISPTMG is at high level.

Refresh Memory AddressiMA;~MA, ;)

MAg~MA; ; are refresh memory address signals which
are used to access to refresh memory in order to
refresh the CRT screen periodically. These outputs
enables 16K words max. refresh memory access. So,
for instance, these are applicable up to 2000 charac-
ters/screen and 8-page system.

Raster Address{(RA;~RA,)

RA,~RA, are raster address signals which are used to
select the raster of the character generator or graphic
pattern generator etc.

Cursor Display{CUDISP)

CUDISP is an active high level video signal which is
used to display the cursor on the CRT screen. This
output is inhibited while DISPTMG is at low level.
Normally this output is mixed with video signal and
provided to the CRT display device.

Light Pen Strobe{(LPSTB)

LPSTB is an active high level input signal which accepts
strobe pulse detected by the light pen and control
circuit. When this signal is activated, the refresh
memory address (MA;~MA, ;) which are shown in
Fig.8-2 are stored in the 14-bit light pen register. The
stored refresh memory address need to be corrected in
software, taking the delay time of the display device,
light pen, and light pen control circuits into account.



6. Structure & Function of Internal Registers

6.1 Structure of Internal Registers

Table.6—1 Internal Registers of the CRTC
D Address Register | jster i P ! ; Data Bit ‘
cs R oo Pogater | Register oM READ WRITE: —_— , ;
; P .4 3 2 1 0 3 | Name Unit ‘ ; 17:'6 5 4i3/2:1 0
L I x L x X X X X A | — i - - \\\\\ \
P00 | x x x x X . RR Address Register ; - ' x 10 \\ § :
‘ —T : ; : : ! T
e l 0 0 000 Ro | Horizontai Total =7 i character | x | O j BEERAL
H ! { | B .
T H ]
o1 1'0 00 01 R Horizontal Displayed | . | ox o)
4 : !
P i ‘ Horizontal Sync =7 , , : : [ T
| 0 1 | 0 0 0 1 0 | R. Position w X ‘ (o] : |
! ' [ ! N\ T !
. 0 110 0 0 1 1 : Ry Horizontal Sync Width ” Lox | © I\\j i | !
| . | ! i i
t i ) ; ; ! 1 ?
o100 100, R Vertical Total 7 | line 1 x o I\ ! | |
b0 | 00 1 0 1 Rs Vertcal Total Adjust ; raster X o | ' *
H ! i
f i :
r0t1'0 0 1 1 0 Rs Vertical Displayed line X o !
|
3 Vertical Sync %7
o1 EER Ry Position . x o)
0 o 1 00 O Rs Interlace Mode - x | O VIS e
! : Maximum Raster *7
' !
L 0 ! 1 ; 0 1t 0 0 1 Re Address : raster x O | L7
L0 9 lo 1 0 1 0 Rio Cursor Start Raster ; . x | o B| P *s
! | i ; ; b
L0110 1 0 1 1 Rus Cursor End Raster ! . x | O (%6
¥ 1’ ;
y 0,1 1/0 1 1 0 0. Ru Start Address(H) - X o]
; \ ,
i i i
ol 1]o 1 1 o0 1 Ruis Start AddressiL) - x | O !
o 101110 R Cursor(H) - o] o
o1 o1t 11 Ris Cursor(L) - o| o
ol 1]1 0000 Ris Light Pen(H) - o | x
o111 00 01 Riy Light Pen(L) - o | x '
{
NOTE: 1 When Rg is 1 or 3 (Interlace Mode), pro- 6 When R, is 3, the cursor start and the cursor
grammed data must be odd. end raster registers must be both even or both
2 When Ry is 3, N/2 (N: total number of lines) odd.
3 When S is 1, V specifies video mode. S specifies Programmed Value = Specified Value -1
interlace sync mode. In the following explanation, for instance, total
4 When R, is 3, programmed data must be odd. number of horizontal characters means “Spe-
5 B specifies the cursor blink. P specifies the cified Value”

{ 16 or 32 Field Period

cursor blink period.

i
llight ldark ‘ light . dark l pen'od}
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6.2 Function of Internal Registers

1
[}

(2)

(3)

{5)

{6

)

Address RegisteriAR)

This is a 5-bit register used to select 18 internal
control registers (Rg~R,;). Its contents are the
address of one of 18 internal control registers.
Programming the data from 18 to 31 produces no
results. Access to Ry~R;; requires, first of all, to

write the address of corresponding control register into

this register. When RS and CS are at low level, this
register is selected.

Horizontal Total Register(R,)

This is a register used to program total number of
horizontal characters per line including the retrace
period. The data is 8-bit and its value should be
programmed according to the specificaticn of the CRT.
When M is total number of characters, (M-1) shall be
programmed to this register. When programming for
interlace mode, M must be even. How to decide total
number of characters is shown in 9.5.1.

Horizontal Displayed Register(R; )

This is a register used to program the number of
horizontal displayed characters per line. Data is 8-bit
and any number that is smaller than that of horizontal
total characters can be programmed.

This is a register used to program horizontal sync
position in unit of horizontal character time. Data is
8-bit and any number that is under the following
condition (Horizontal Sync Position + Horizontal Pulse
Width < Horizontal Total Characters) can be pro-
grammed. When H is character number of horizontal
Sync Position, (H-1) shall be programmed to this
register. When programmed value of this register is
increased, the display position on the CRT screen is
shifted to the left. When programmed value is de-
creased, the position is shifted to the right. Therefore,
the optimum horizontal position can be determined by
this value.

Horizontal Sync Width Register(R;)

This is a register used to program horizontal sync pulse
width from 1 to 15 in unit of horizontal character
time. Note that when O is programmed, HSYNC is not
provided.

Vertical Total Register(R,)

This is a register used to program total number of lines
per frame including vertical retrace period. The data is
within 7-bit and its value should be programmed
according to the specification of the CRTC. When N is
total number of lines, (N-1) shall be programmed to
this register. How to decide total number of lines is
shown in 9.5.1. :

Vertical Total Adjust Register{R;)

This is a register used to program the optimum number
from 0 to 31 to adjust total number of rasters per
frame. This register enables to decide the number of

(8)

(9)

vertical deflection frequency more strictly.

Vertical Displayed Register(R;)

This is a register used to program the number of
displayed character rows on the CRT screen. Data is
7-bit and any number that is smaller than that of
vertical total characters can be programmed.

Vertical Sync Position Register(R-)

This is a register used to program the vertical sync
position on the screen in unit of horizontal character
time. Data is 7-bit and any number that is equal to or
less than vertical total characters can be programmed.
When V is character number of vertical sync position,
(V-1) shall be programmed to this register. When
programmed value of this register is increased, the
display position is shifted up. When programmed value
is decreased, the position is shifted down. Therefore,
the optimum vertical position may be determined by
this value.

(10) Interlace Mode Register(Rg)

This is a 2-bit register used to control the raster scan

mode. (See Table.6-2)
Table.6—-2 Interiace Mode
2! 2° Mode
0 o Non-Interiace Mode
H C Non-interiace Mode
] 1 Interlace Sync Mode
1 1 Interlace Sync & Video Mode

In non-interlace mode, the rasters of even number field
and odd number field are scanned duplicatedly. In
interlace sync mode, the rasters of odd number field
are scanned in the middle of even number field. Then it
is controlled to display the same character pattern in
two fields. In interlace sync and video mode, the raster
scan method is the same as that in interlace sync mode,
but it is controlled to display different character
pattern in two fields.

(11)Maximum Raster Address Register (R,)

This is a register used to program maximum raster
address within 5-bit. This register defines total number
of rasters per character including spacing. When total
number of rasters is RN, (RN-1) shall be programmed
to this register. Moreover, when programmed value of
Rg is “3”, RN must be even.

{12} Cursor Start Raster Register(R, )

This is a register used to program the cursor start raster
address by lower 5 bits (2°~2*) and the cursor display
mode by higher 2 bits (2% ,2°).



Tabie.6—=3 Cursor Display Mode

25 25 Cursor Display Mode

0 0 Non-Blink

0 1 Cursor Non-Display

1 o | Blink, 16 Field Period

1 1 Blink, 32 Fiel dPeriod
Blink Period

l light dark

18 or 32 Fieid Period

{13) Cursor End Raster Register (R11)

This is a register used to program the cursor end raster
address. When programmed value of Rgis “3”
(Interlace sync & video mode), both the cursor start
raster register and the cursor end raster register must be
even or odd.

(14) Start Address Register(R,,,R;3)
These are used to program initial address of refresh
memory to read out. Changing the contents of these
registers dynamically enables paging and scrolling
easily.

(15) Cursor Register(R,; 4R, ;)
These are used to program the cursor display address
and R/W operation from MPU is possible. When R, 4 is
read, the higher 2 bits (2%,27) are always “0”.

{16} Light Pen Register(R, 4,R; )
These are used to catch the detection address of light
pen and only a read operation from MPU is possible.
When R, ¢ is read, the higher 2 bits (2%, 27) are always
*“0™. Its viaue needs to be corrected in software because
there is time delay from address output of the CRTC
to signal input to LPSTB pin of the CRTC in the
process that raster is lit after address output and light
pen detects it. Moreover, delay time shown in Fig. 8-2
needs to be taken into account.
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7. Operation of the CRTC

7.1 Time Chart of CRT Interface Signals

The following example shows the display operation in

which values of Table. 7-1 are programmed to the CRTC

internal registers. Fig. 7-1 shows the CRT screen format.
Fig. 74 shows the time chart of dgnals output from the

CRTC.

Table.7—=1 Programmed Vaiues into the Registers
" Reg Register Name Value | Reg } Registar Name | Vaiue
Ro Horizotal Total Npe Re : Max. Raster Address [ N, I
R: Horizontal Displayed Npg ; Rio | Cursor Start Raster :
R. Horizontal Sync Position ‘ Nhsp Ru : Cursor End Raster . !
, R; Horizontal Sync Width " Nosw : Riz | Start Address(H) l 0 !
Rs Vertical Total © Ny i Ris | Start AddressiL) ; 0
f Rs Vertical Total Adjust Nagj ‘; Ris | Cursor(H) E . {
Re Vertical Displayed N4 | Ris | Cursor(l) I i
R Verticat Sync Pesition Nep | Re | tlight PentH) ! 1
Re Interlace Mode L Ry ' Light Pen(L) ’

NOTE:N, <Np, Nvd<Nvt

Raster Address

Max.

-

(Nr +1)

Number of Horizontai Totai Characters(int+i)

Number of Horizontal Dispiayed Characters( Nhd) \

} Line

Horizontal

retrace
Period

(Nvt 41)

A,
A

Number of Vertical Total Characters

Number of Vertical Displayed

Characters(Nvd)

display Period

Verticai retrace Period

Vorticel Total Adjust(Nadj)

\ |

Fig. 7=1 CRT Screen Format
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Sl

Verical Display Period Vertical Retrace Period

RAq ~RA,

Line Number

]
I B | [~

S N R [
1

1
I Nvd—2 ] Nvd—1 | Nvd

DISPTMG
|
: Fig. 7—5 Switching from Vertical Display Period over to Verical Retrace Period (Expansion of Fig. 7—-4A)
|
--+ Vetrace Retrace Period -+ Vertical  Display Period
Fine Adjustment Period of
| e Frame Period _-’I
: Ty =Nug-Ta
RAo~RAL 0 | 1 | 2] v o] 1 Weg-il 0 ] 1] 2] ] o] 1] 2]
: | '
[
Line Number Nvt W/ =~ o l !
[ _ i
) | :
DISPTMG ! MU U U U ygyuuyyuyuui

Fig. 7—6 Fina Adjustment Period of Frame in Vertical Display
) (Expansion of Fig. 7—4 B)
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NOTE: Cursor Register=Ng+2
Cursor Start
Raster Register=1
Cursor End
Raster Register=3

are Programmed in cursor display mode.

In blink mode, it is changed into display
mode when frame period is 16 or 32—time
period.

Fig. 7-10 Refresh Memory Address (MAO—MA13)

Valid refresh memory address (O’Nvd'thl)
are shown within the thickline square.

Refresh memory address are provided even
dwing horizontal and Vertical retrace period.
This is an example in the case where the
programmed value of start address register is 0.



8. Electrical Characteristics of the CRTC

8-1 Maximum Ratings

L. O 1

an
faue. O—4i vt

D N = 2 -
ARG naQungs

[tem Symbol Value Unit
Supply Voltage Vec ¥ -03~+7.0 Vv
Input Voltage Vin ¥ —03~+70 | V
Operating Ta —20 ~+75 C
Temperature Range
Storage Totg | —-55~+150 | °C
Temperature Range

[(NOTE] Permanent LSI damage may occur if maximum
ratings are exceeded. Normal operation should
be under recommended operating conditions. If
these conditions are exceeded, it couid affect
reliability of LSIL .

% With respect to Vss(SYSTEM GND)

8-2 Recommendsed Operating Conditions
Table. 8—2 Recommended Operating Conditions

l[tem Symbol | min | typ | max | Unit
Supply Voltage Ve 4.75 51525 V
Vi —03| — | 08| V
Input Voltage
Viu 20| — Vec| ¥V
Operating Ta | -20| 25|75 | <C
Temperature Range

8-3 Electrical Characteristics
Table. 8—3 DC Characteristics
Vee=5V+5%, Vss=0V, Ta=-20~+75C

Table. 8—4 AC Characteristics

Item Symble imin|typ | max | Unit
Clock Frequency f — 1 —1 3.0 MHz
Clock Pulse Width, Low PWeL 1150 — | — | ns
Clock Pulse Width, High PWen [ 1501 — | — | ns
Rise and Fall Time tcr — | — 1 15
For Clock Input | tce — = 15| ™
Memory Address Delay tmao | 11
Time 160 | ns
Raster Address De!a):r ot = — 160 | ns
Display Timing Delay_ﬁme torn | — | — 1250 ' ns
Horizontai Sync Dela%/ime tuso | — | — | 250 | ns
Vertical Sync Delay Time | tysp | — | — | 250 | ns
Cursor Display Dela)_lr o | — | — 250 | ns
Light Pen Strobe Pu‘l\vs'?dth PWips | 80| — | — | ns
Light Pen Strobe teeor | — | — | 80
Uncertain Time of . = 10| ™
Acceptance (Fig. 8-2) LPD2
8-4 Bus Timing Characteristics
Table. 8-5 Read Sepuence
Test
Item Symbol | condi-| min |typ|max | Unit
tion
Enable Cycle Time| tcyce | — (1.0 —| — | us
Enable Pulse Width
("High”level time) PWen _ 0.45 I s
Enable Pulse Width | pw 0.40 K
("Low”level time) B ’
Set Up Time . _ |
ADDRESS-ENABLE | ™S 140 ns
Data Delay Time toor — | — {—1320| ns
Data Hold Time tH — |10 |—| — | ns
Rise & Fall Time
for Enable Input tee/ter | — | — | —| 23| ms
Address Hold Time | tan — | 10|—| — | ns
Data Access Time tacc — | — | —|460| ns

Item Symbol| min |typ | max | Unit

Input High Voltage Vin 20| —| Vee| V
Input Low Voltage Vi -03 —| 08} V
Input Leak Current Iin — L0} 2.5] zA
Three-State Input Current

Irst — 12.0] 10} LA
VinN=0.4~2.4V Vcc=525V
Output High Voltage
ILoap=—205uA Do~Dn

Vo 24| — | — | V
foap =—100A oH
All Other Outputs
Output Low Voltage

Vi - | - .
Ioao=1.6mA o 04| V
Input Capacitance
Do~Dy Cin — | — 125 PF
All Other Inputs 10.0
Qutput Capacitance Cour | — | — 110.0} pF
Power Dissipation Po — 16001000 mW




0.8v PWex - 0-8v ‘-4— X 0.8V
CLK l T
ter tes
L 2.4y
0.4v
MAg— MA,; N
tuao tmao
¥ 2.4y
0.4v
RAg— RA,
taso trao
£ 24y
/ .0.4V
DISPTMG
tom toro !
[2. 4v
/ 0.4V
cupispP
tcoo tcoo I
£ 2 av
/ 0.4v
HSYNC
VYSYNC
tuso tuso |
tvso tvso
2.0v 2.0v
PWipn
LPSTB

This Figure shows the relation in time between '
CLK signal and each output signalis. Output sequencs
is shown in Fig.7—4 ~Fig.7—9.

Fig. 8=1 Time Chart of the CRTC
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i po2 tLpPo1

Q.8v / — . 8Y
CLK——'/_—-\ o8

Y ] X e X )
I

i
\

L

2.0v <
LPSTB : —

LPSTB

S,

\ When LPSTB rises in this period, Refresh ™\
S— Memory Address'M+2' is set into the )

light pen register.

LPSTB' s uncertain time
of acceptance.

. Fig &—2 LPSTB Input Timing & Refresh Memory
Address that is set into the light pen

tpor ‘'eoz -

register.
Table. 8—6 Write Sequence
Test
Item Symbol | condi-{ min | typ|{max | Unit |
tion

Enable Cycle Time | tevee | — | 1.0 —| — | us
Enable Pulse Width | PWey 0.45
("High"level time) _ —| = s
Enable Pulse Width | PWeL 0.40 “

("Low™level time)
Set Up Time tas — (140 —| — | ns
Data Set Up Time | tpsw — 195 —| — | ns
Data Hold Time tH - 10| —| — | ns
Rise & Fall Time .

for Enable Input | '&¢/'€f 25 | ns
Address Hold Time | tan - 10—} — | ns




toyce

— tag +f
/— 2.0V = o e PWEL —
- |o8v X y
E te,
_ e 'DDR =
cs —2.0v
0.8v
R/W, RS r
=~ taH
tacc
—— tH
7 24y
Do~Dr
x— 0.4V
Fig. 8—3 Read Sequence
tcyce
e—— PWgy
bt tAs B s
Czov 3
\‘_ Pwﬂ. i
£ 7 |o.8v —t J
— j— tEf
ter tosw
Ccs L
R/W 20v
RS( Address
Register)
RS tO.SV
(Control Register) o= tap
-L 2.0V
Do~Dr
t- 0.8v
Fig.8—4 Worite Sequence
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9. How to Use the CRTC

9-1 Interface to MPU

As shown in Fig. 9-1, the CRTC is connected with
the standard bus of MPU to control the data transfer
between them. The CRTC address is determined by cs
and RS, and the R/W operation is controlled by R/W
and Enable signals. When CS is “Low” and RS is also
“Low”, the CRTC address register is selected. When cs

ABo~;

is “Low™ and RS is "High”, one of 18 internal registers
is selected

RES is the system reset signal. When RES becomes
"Low”, the CRTC internal control logic is reset. But
internal registers shown in Table. 6-1{Ro~R;7) are not -
affecteb by RES signal and remain unchanged.

The CRTC is designed so as to provide an interface
to microcomputers, but adding some external circuits
enables an interface to other data sources.

HD46800
MPU

VMA ——-L_——-c oS

R/W

RESET

Fig. 9—1

9-2 Dot Timing Generating Circuit

CRTC’s CLK input (21 pin) is provided with CLK
signal which defines horizontal character time period from
the outside. This CLK signal is generated by dot
counter shown in Fig. 9-2. Fig. 9-2 shows a example
of circuit where horizontal dot number of the character

9—Counter
HD74163 g
MR
S cP
° Qo QO Q0 O

£
0
m
1)

Interface to MPU

is “9”. Fig. 9-3 shows the operation time chart of dot
counter shown in Fig. 9-2. As this example shows
explicitly, CLK signal is at "Low” level in the former half
of horizontal character time and at "High” level in the
latter half. It is necessary to be careful so as not to
mistake this polarity.

l.___ LOAD P/S REG—N

to P/S SHIFT
REGISTER

DOTCP-P

CHCP—P to CRTC(CLK)

Fig 9—2 Dot Counter



6 7 8 {0 1 2 3 4 5 8 |01 2 3 4 5 6 7 8 jO
porcr—p— LI L LALLM UL UL
S Sy N S oy T oy Y oy T oy Y e Y Y e Y e O Y
P B - ] | L L
&= 1 | N
Q | 1
LOAD P/S REG-N
j — — -
CHCP—~P (CLK)
A I T
‘ One Horizontal

Character Time

Fig. 9—3 Time Chart of Dot Counter

9-3 Interface to Display Control Unit

Fig. 9-4 shows the interface between the CRTC and
display control unit. Display control unit is mainly
composed of Refresh Memory, Character Generator, and
Video Control circuit For refresh memory, 14 Memory
Address line {0~ 16383) max are provided and for charac-
ter generator, 5 Raster Address line (0~31) max are
provided. For video control circuit, DISPTMG, CUDISP,
HSYNC, and VSYNC signals are sent out. DISPTMG

signal is used to control the blank period of video signal.
CUDISP signal is used as video signal to display the
cursor on the CRT screen. Moreover, HSYNC and
VSYNC signals are used as drive signals respectively
for CRT horizontal and vertical deflection circuits.

Qutputs from video control circuit, (video signals and
sync signals) are provided to CRT display unit to control
the deflection and brightness of CRT, thus characters
are displayed on the screen.

14 MAX
MA Memory
CRTC
RA 5 MAX Character
Generator
DISPTMG
CUDISP Video
Signals
HSYNC Video Control Sync
Signals
CLK, VSYNC ° °

Fig. 9—4 Interface to Display Control unit
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Fig. 9-5 shows more detailed block diagram of display
control unit. This shows how to use DISPTMG and
CUDISP signals. By delaying for one or two-character
time, DISPTMG signal synchronizes with output timing
of parallel-serial converter to control blanking of character
video signal. By delaying for one or two-character time,
CUDISP signal is mixed with character video signal.
Whether delay time of DISPTMG and CUDISP signals
should be one or two-character time, moreover, whether

LATCH register is necessary for output from refresh
memory or not, are determined, as shown in Fig. 9-5, by
the relations among one horizontal character time, delay
time of Memory Address, access time of refresh memory,
and access time of character generator.

For reference, time chart from refresh memory address
MA to video signal in the case of two-character time
delay is shown in Fig. 9-6.

CHCP=N
CUDISP Fu Fi2
D o}
L Hil
DISPTMG i ik
D D
CRTC 7 HE:

>—vnoao
L I P
MA Refresh A
| ———= —_— E [ cG 1
Memory H s
RA
CLK
CHCP—P I botcounTEr SC

Aceess Time of
Case RM and CG LATH| Fu | Fa | Fz | Fz

RM Access+CG

] Access) N | N | N | N | N
>tcu—tmabp

RM Access+CG
2 Accessl UN | N | N | UN | UN

<tcu—1tmaD

[NOTE] N Necessary

UN : Unnecessary
tcu - Cycle time of CHCP
tmap - Delay time of MA

Fig. 3—5 Display Control unit



ST IHOVLIH

2 4
‘ t"m Nats . ’
Refresh memory address 0" is accessed.
MA J( 0 X 1 X 2 4 NG
\ teoo
CUDISP \ l
FIl \
Fi2
tom \
DISPTMO
Fa
Fa2
Output of contents of address O
RMOUT__X % 0 X X 11 X X 12 X D ¢
\ Data hold of address O
LATCH ) { 0 4 1 K K_ 3
coout Y 0 YC 1
\ Serial Conversion video signal of address O
VIDEO 0 | 2
CRT Display \WDOOOOO

fig. 9—6 Time Chart of Display Control unit



9-4 Interface to CRT

To display video signals such as characters on the
CRT, sync signals which drive the deflection circuit of
CRT display unit and video signals which modulate
brightness of an electron beam are needed. The ways
in which these signals are interfaced are different according
to the CRT display devices.

Fig. 9-7 shows four typical types of interfaces to CRT
display unit. Fig. 9-7(A) shows the way in which HSYNC,
VSYNC, and VIDEO signals are interfaced separately to

CRT display unit. Fig. 9-7(B) shows the way in *

the mixed signal of HSYNC and VSYNC signals
EXCLUSIVE-OR GATE and VIDEO signal are interfacec
to CRT display unit. Fig. 9-7(C) shows the way in which
composite video signal of HSYNC, VSYNC, and VIDEO
signals by Mixer is solely interfaced to CRT display unit.
Fig. 9-7(D) shows the way in which composite video signal
is modulated into high-fre quency signal by RF modulator
and connected with antenna terminal of TV. This way is
used in video game machines.

Driver
(A) 1 A
HSYNC D | g
CRT
~— B }
VSYNC Dt {q Display
e unit
VIDEO ll D ll =
(B) Driver
HSYNC D A
VSTNG i k CRY
Display
VIDEO P d unit
©
HSYNC
3 Composite Video CRT
VSYNC § Q Display
unit
YIDEQ
HSYNC
S
5 s =
VSYNC X 3 v
= Q r
2 -
VIDEO g

Fig. 9—7

MNA sesema /e il

To Antenna Terminal

Interface to CRT Display unit



9-5 How to Decide Parameters Set on the CRTC

Tadle. 9-1 shows parameters which are necessary for
CRT display. Some of them are decided by the specification
of CRT display unit (Monitor) and others are decided by
the display format on the screen. Moreover, CRTC internal
registers which are related to setting these parameters are
shown in this Table. ’

Table. 9—1 Parameters For CRT Display

Specification | Screen | CRTC

Item of Monitor | Format |Registers
Dot Number of 0O External
Characters (Horizontal) Circuits
Dot Number of
Characters (Vertical) - 0 - R
Number of Horizontal o) R
Total Characters 0
Number of Horizontal
Displayed Characters a O R,
Horizontal Sync Position O R:
Horizontal Sync Pulse
Width O Rs
Number of Vertical
Total Characters O R«
Number of Vertical :
Displayed Characters a O Re
Vertical Sync Position O Ry
Scan Mode @) Rs
Cursor Display Method @) Rio, R
Start Address O Riz;Rus
Cursor Address @) Rie, Ris
JAIRTIED Under the restriction of spcification of CRT display

unit. (Monitor)

9:5:1 How to Decide Parameters Basad on Speci-
fication of CRT Display Unit (Monitor)
(1) Number of Horizontal Total Characters
Horizontal deflection frequency fu is given by
specification of CRT display unit. Number of horizontal

Total characters is determined by the following equation.
(Ref. 9-5-2(3))
fom
te(Nn+1)
where,
te : Cycle Time of CLK (Character Clock)
N : Programmed Value of Horizontal Total
Register (Ro)
(2) Number of Vertical Total Characters
Vertical deflection frequency is given by specification
of CRT display unit. Number of vertical Total characters
is determined by the following equation. (Ref. 9:5:2(4))
_fh fa
"R (Net D(Ne+1)+Nag

¥

where,
R ! Number of Total Rasters per frame
(Including retrace period)
N« : Programmed Value of Vertical Total
Register (R4)
Nr : Programmed Value of Maximum Raster
Address Register (Ry)
Nug - Programmed Value of Vertical Toal Adjust
Register (Rs)
(3) Horizontal Sync Pulse Width
Horizontal sync pulse width is programmed to hori-
zontal sync width register (R;) in unit of horizontal cha-
racter time. R; is a 4-bit register, so programmed value
can be selected within from | to 15. -
(4) Horizontal Sync Position
As shown in Fig. 9-3, horizontal sync position is nor-
mally selected to be in the middle of horizontal blank
period. But there are some cases where its optimum
sync position is not located in the middle of horizontal
blank period according to specification of CRT. Ther-
efore, horizontal sync position should be determined by
specification of CRT. Horizontal sync pulse position
is programmed in unit of horizontal character time.

1H
M : ‘
DISPTMG Horizontal ~ ———==— Horizontal —==——Horzontal ~ —
Video Period Blank Video Period
Hsync J1

Fig. 9—8 Time Chart of HSYNC

(S) Vertical Sync Position
As shown in Fig. 9-9, vertical sync position is normally
selected to be in the middle of vertical blank period.
But there are some cases where its optimum sync
position is not located in the middle of vertical blank

period according to specification of CRT. Therefore,

vertical sync position should be determined by specifi-
cation of CRT. Vertical sync pulse position is programmed
to vertical sync position register (Rs) in unit of line period.
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V.ef'tical . e Vercal . Vertical o
Video Period Blank Video Period
Idd Y4
pisprmMe — [ [ 77 T 1 T T 7T T e
EE— 1 Frame

fl

VSYNC

Fg. 9-9 Time chart of VSYNC

9-5.2 How to Decide Parameters Based on
Screen Format
(1) Dot Number of Characters(Horizontal)

Dot number of characters (horizontal) is determined by
character font and character space. More strictly, as
shown in Fig. 9-2, dot number of characters (horizontal)
N is determined by external N-counter.

(2) Dot Number of Characters(Vertical) -

Dot number of characters{vertical) is determined by
character font and line space. Dot number of characters
(vertical) is programmed to maximum raster address
register (Ry) of the CRTC. When N, is programmed
value of Ry, dot number of characters(vertical)is(N.+1).

Horizontal Deflection Period=-L

(3) Number of Horizontal Displayed Characters

Number of horizontal displayed characters is pro-
grammed to horizontal displayed -register (R:) of the
CRTC. Programmed value is based on screen format.
Horizontal display period, which is given by specifi-
cation of horizontal deflection frequency and horizontal
retrace period of CRT display unit, determines horizontal
character time, being divided by number of horizontal
dispiayed characters. Moreover, as Fig. 9-10 shows the
access method of refresh memory, its cycle time and
access time which are necessary for CRT display system
are determined by horizontal character time.

th

Horizontal retrace Period

|
|

I

(4) Number of Vertical Displayed Characters

Number of vertical displayed characters is programmed
to vertical displayed register (Rs). Programmed value is
based on screen format. As specification of vertical
deflection frequency of CRT determines number of total
rasters (R.) including vertical retrace period, CRT which
is suitable for desired screen format should be selected.
The relation between number of vertical displayed chara-
cters and number of total rasters per frame shown in
9.5-2(2) is shown in the foliowing equation.

Ri=(Na+ 1)(Ne+1)+Nu; (Non Interlace Mode)

Number of Vertical Total Characters = Number of

~ o~ A A me——- e ==

Number of Horizontal Displayed Characters

Horizontal Display Pariod

Horizontal Character Time= e or Forzontal Displayed Characters

Vertical Displayed Characters (Ny,g) + Number of
Characters during vertical retrace period
Ri=(Nu+1)}N:+1)+Nuj+0.5 (Interlace Mode)

For optimum screen format,. it is necessary to adjust
number of rasters per line, number of vertical displayed
characters, and total adjust raster (Ny;) within speci-
fication of vertical deflection frequency.

(5) Scan Mode

The CRTC can program three scan modes shown in
Table. 9-2 to interlace mode register(R:). An example
of character display in each scan mode is shown in
Fig. 7-2.



Table. 9—2 Program of Scan Mode

2! 2% Scan Mode : Main Usage
0 0 Non-Interlace Normal Display of .
1 0 Characters & Figures

Fine Display of Characters

0 1 | Interlace Sync
nrerta Y & Figures

Display of Many Characters
Interlace Sync ) ; .
11 . & Figures Without Using
& Video . .

High-Resolution CRT

[NOTE] In interlace mode, the number of times per
sec. in raster scanning on one spot on the
screen is half as many as that in non-interlace
mode. Therefore, when persistence of lumine-
scence is short, flickering may happen. It is
necessary to select optimum scan mode for
the system, taking characteristics of CRT,
raster scan speed, and number of displayed
characters and figures into account.

(6) Cursor Display Method
Cursor start raster register and cursor end raster
register (R;o, Ri;) enable programming the display modes
shown inTable6-3 and display patterns shown in Fig.

7-3. Therefore, it is possible to change the method of

cursor display dynamically according to the system

conditions as well as to realize the cursor display that
meets the system requirements.
(7) Start Address
Start address registers (Ri2, Ri3) give an offset to the
address of refresh memory to read out. This enadles
paging and scrolling easily.
(8) Cursor Register
Cursor registers (Ris, Ris) enable programming the
cursor display position on the screen. As for cursor
address, it is not X, Y address but linear address that
is programmed.

9-6 Relation Between Number of Displayed
Characters and Memory Address

Refresh memory address of the CRTC (MAo~MA3) is
linear address which starts ffom the value of start address.
It does not need the address conversion circuit in wide
use that determines the address of refresh memory to read
out by line address and row address and can be used
without change.

Moreover, as start address registers(Riz2, Ri3) enable to
change the initial address of refresh memory dynamically,
paging and scrolling are easily possible.

Fig. 9-10 shows memory address in the case where start
address is "0” and number of displayed characters is
640 (40 characters/line x 16 lines).

HoriZontal
Horizontal Dispiay Period Retrace Period
Raster 0 0 1 2 38 339 AtO 4:1 412 632 6t3
Raster 11§ 5|3 |3 daldo ] a0 ar]e2 62 | 63
40 ] 41 | 42 78 |79 1 80| 81|82 102]103
4 3 3 ] t ! b3 3 -_— 3 b
40| 41 | 42 78 |79 § 80| 81 | 82 1021103
1181194120121 {122 . 142143
4 b4 1 ! 1 — ] ]
118]1194120{121]122 1421143 § .
=
2
w
-
@
<
g
ES
Q
5601561562 598 |5994600}601 {602 622623
t $ b4 - 3 ! ] b4 t ——— b 3
560{561|562 598 15994600601 {602 6221623
Raster 0 6?0 6?1 602 6?8 6?9 640 |641]642 662 5?3
! e t — t
Raster 118600]601602 638 |6394640{641 64112 662|663
640(641 642 678|679 |6801681}682 7021703
by 1 H 3 b4 ! ! ! o 3 t
640|641 (642 678|678 |680 | 681|682 7021703
25
_ g8
720}721)722 758|7591760)761|762 782|783 3
t 1 t b4 3 ! 3 ! — t ! ]
72017211722 758 759|760{761}762 7821783 3
V. Adg 0 7?0 7?1 7?2 7?8 7?9 800 B?l 802 8?2 823 o
3 ! —
41760]761}762 798 | 7991800801 802 822 853

Numb er of Horizontal Total Characters: 64
Number of Horizontal Dispiayed Characters:
Number of Vertical Totai Characters: 18
Number of Vertical Displayed Characters: 16

Number of Rasters per line: 12
Vertical Total Adjust: 5
Start Address: O

Fig. — 10 Relation between Number of Displayed Characters and Memory Address
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9-7 How to Use Start Address

Start address controls the initial address of refresh
memory to read out and gives an offset to refresh memroy
address within 14-bit.

Fig.9-11 shows an example of paging to which start
address is applied. In Fig. 9-11, there are refresh memories
for 8 pages. Setting initial address of each page to start

Page O
7 / /// / ///
7y 1
Refresh  Y/'////7 /"
Memory
v \
# 3 \O
CRT
/“o screen
/R / .
# 5
w & F
n 7

Fig. 9—11 Paging

9-8 How to Use Cursor Register

Cursor register is a register used to specify cursor display
position on the screen and its contents are controlled by
MPU. Cursor address is linear address and is itself refresh
memory address of the character displayed in the cursor
position.

In cnanging start address to +A x for paging and
scrolling, it is necessary to change cursor address to + A x.

9-'9 How to Use Light Pen Register

The CRTC adopts a 14-bit light pen register. When
light pen detection pulse is added to LPSTB (3 pins), the
vaiues of memory address (MAo~MAy;) are stored. As
Light pen detection pulse is asynchronous with memory
address timing, so its internal synchronization circuit makes
the detection operation certain. The detection address
involves the delay time of the system(from pulse output of
light pen after a character is diéplayed on the screen and
light pen detects it to LPSTB input of the CRTC), so its
value needs to be corrected in software. Light pen detection
address is itself refresh memory address. When cursor is
moved to light pen detection position, the value corrected

~A - e mm—— - -

address registers( Ri2, Ri3) enables to display an optional
page in a moment.

Fig. 9-12 shows an example of scrolling to which start
address is applied. In Fig.9-12, changing start address
periodically enables to move the data to be displayed for
plural pages successively on the CRT screen.

Page O
t
Do
//// A
u”
Refresh up
Memory ///////// L
i 2
7 3
CRT
Screen
7 4 -
v 5
v &
n 7

Fig. 9—12 Scrolling

in software is written into cursor register. When the
character indicated by light pen is read out, the corrected
value is used as refresh memory address to read out. As
for frame address that light pen indicates, start address
needs to be excluded from the corrected value because the
corrected value is also modified with start adress.

Fig. 9-13 shows a typical example of light pen control
circuit. As shown in Fig.9-13, some external circuits
enable (o use light pen. There are some ways of interfacing
between light pen and MPU. These are:

(a) Interrupt Method
(b) Program Scan Method etc.



LPSW

LPOUT

JL CRTC
R
Q
Q
One Shot S
?
_,L b— LPSTB
MPU
o]

Sq —D)—»IR

|

©

0
m
wl

INTREAD—N(CS - R/W, ¢ 2)

Fig. 9—13 Light Pen Control Circuit

Fig. 9-14 shows an interrupt method of interfacing.
When light pen detects light, LPSTB signal andan interrupt
signal I-R6 are respectively provided to the CRTC and
MPU. Fig. 9-15 shows the program of this interrupt

Fig. 9-16 shows a program scan method of interfacing.

MPU CRTC
DB
- LPSTB
1RQ
LIGHT PEN
CONTROL
Fig. 9— 14

When LPSTB signal is provided to the CRTC, light pen
sets up a detection FLAG. MPU reads out this FLAG
periodically and when FLAG is "1”, the contents of light
pen register are read out, Table. 9-17 shows the program
of this program scan method.

L

o o

LIGHT PEN

Interfacing of Light Pen

HITACHI 31



INTERRUPT LDA A #16 LOAB LPH ADDRESS

INTO ACCA

STA A A0 STORE ACCA INTO
ADDRESS REGISTER

LDA A AO+1 LOAD LPH DATA
INTO ACCA

LDA B z17 LOAD LPL ADDRESS
INTO ACCB

STA B A0 STORE ACCB INTO
ADDRESS REGISTER

LDA B A0+1 LOAD LPL DATA
INTO ACCB

RTI RETURN FROM

INTERRUPT

Fig. 9-15 Read Operation of Light Pen Register

[

MPUY CRTC
] o
LPSTB [ LIGHTPEN
FLAG
| LIGHTPEN
CONTROL
Fig. 9—16 Interfacing of Light Pen
LDA A LPFLAG LOAD LPFLAG INTO ACCA
BIT A #£I! BIT TEST
BEQ *x—5 TRY AGAIN IF LPPLAG=0
LDA A z16 LOAD LPH ADDRESS INTO
ACCA
STA A AO0. STORE ACCA INTO ADDRESS
REGISTER
LDA A A0+ LOAD LPH DATA INTO ACCA
LDA B #17 LOAD LPL ADDRESS INTO
ACCB
STA B A0 STORE ACCB INTO ADDRESS
REGISTER
LDA B AO0+! LOAD LPL DATA INTO ACCB
CLR LPFLAG CLEAR LPFLAG

Fig. 9-17 Read Operation of Light Pen Register

AN " Auemm e Swma an

9-10 Access Method to Refresh Memory

For CRT display with the CRTC, refresh memory is
accessed by CRTC's memory address (MAo~MA,;) to
refresh the screen periodically and also accessed by MPU
in changing the contents to be displayed. As for access
method by MPU, there are asynchronous access method
that has no relation to the display condition and synchro-
nous access method that avoids the display period. Fig. 9-18
shows an example of asynchronous access methods. In
this case, MPU address specifies refresh memory address
and the output of address multiplexer is switched over to
address bus side. Therefore, a part of the screen may
flash in a moment. Fig. 9-19 shows a program of asyn-
chronous access method.

Fig. 9-20 shows an exampie of synchronous access
methods. In this case, MPU reads out DISPTMG output
of CRTC and only when DISPTMG is “Low™(horizontal
and vertical retrace periods), refresh memory is accessed
by MPU. In synchronous access method, there is no
competition between MPU access and display access, the
screen doesn't flash. Fig. 9-21 shows a program in this
case.

Fig. 9-22 shows another example of synchronous access
methods. In this case, a character time is devided into
MPU access time and display accesstime In MPU access,
time MPU is synchronized by stretching MPU clock ¢:
by READY signal till its access is finished. Fig. 9-23
shows a program of this case. .

Moreover, as there are many other access methods
including these typical examples, the most reasonable
method should be selected according to each system.

AB MA
VMA DEC MPX
MPU CRTC
RM

o] ]

Fig. 9—18 Asynchronous Access to RM



A RM  STORE ACCA INTO RM LOCATION

A RM

LOAD RM LOCATION INTO ACCA

Fig. 9-19 Program of Asynchronous Access to RM

DISPTMG

CRTC

VMA
DEC _>_ S  MPX
MPU
RM
[T
Fig. 9—20 Synchronous Access to RM (1)
LDA A DT LOAD DISPTMG INTO ACCA
BIT A #1 BIT TEST
BGT x—5 TRY AGAIN IF DT=l
STA B RM STORE ACCB INTO RM LOCATION
LDA A DT LOAD DISPTMG INTO ACCA
BIT A #1 BIT TEST
BEQ *—5 SKIP IF ACCA=0
LDA B RM LOAD RM LOCATION INTO ACCB

Fig. 9-21 Program of Synchronous Access to RM(1)
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AB MA

T —— 1r —

x I | i ]

4
4 L VMA 2 . '
a DEC 1 MP X s ?
a $2
Q 1 CHCP
MPU DELAY CRTC
RM
<> F
READY ]

Fig. 9—22 Synchronous Access to RM (2)

w3
BENE
>

|I-'l
=)
>
>

RM  LOAD RM LOCATION INTO ACC

RM  STORE ACCA INTO RM LOCATION

Fig. 9-23 Program of Synchronous Access to RM(2)

10. Program of the CRTC

10-1 READ WRITE Operation of Internal Registers

As shown in Table. 6-1. the CRTC has 18 internal
registers and | address register that specifies address of
these registers.

Therefore. READ- WRITE -operation of internal registers
should be done through 2 steps in a pair.

STEP 1. Register address is written into address register

by STORE command.

STEP 2. The contents of the specified register are read
by LOAD command. or are written into the
specified register by STORE command.

READ WRITE procedure of internal registers is shown
in Fig. 10-1 and an example of its program is shown in
Fig. 10-2.

When address register is accessed. it is necessary to
assign address so that RS may be “Low™(pin 24). When
an internal register is accessed. it is necessary to assign
address so that RS may be “High".

A i 2 msemma owma 2a

WRITE REGISTER NUMBER
INTO ADDRESS REGISTER

v
READ or WRITE OPERATION
of INTERNAL REBISTER

A

Fig. 10~1 READ/WRITE Procedure of Internal
Register




LDA LOAD REGISTER NUMBER INTO ACCA
STA STORE ACCA INTO ADDRESS REGISTER
LDA A Ay LOAD CURSOR LOWER BYTE INTO ACCA

>
o

LDA A 255 LOAD REGISTER NUMBER INTO ACCA
STA A A STORE ACCA INTO ADDRESS REGISTER
LDA A DATA LOAD WRITE DATA INTO ACCA

STA A A STORE ACCA INTO CURSOR LOWER BYTE

REGISTER

Fig.10-2 READ/WRITE Program of Internal Register

10.2 Initializing Program of the CRTC
For desirable display control function of the CRTC,
it is necessary to initialize 16 internal registers except

light pen register after the system power supply is es-
tablished by power on.

Fig.10-3 shows a flow chart of initializing program and
Fig.10-4 shows the program based on this flow chart.
In this example, the number of program steps is decreased
by looping the program. storing the initializing data in
order of register address in a table.

Table.10-1 shows an example of initializing values
for character display. In this case, there no paging
and scrolling. So start address should be always "O™.
Cursor’s initializing position shall be usually in home
position, though it can be anywhere within valid memory
address of system( 0~ 639 in Table.10-1).

When cursor address is out of valid memory address,
it is necessary to be careful because cursor display posi-
tion is not guaranteed. Table. 10-3 and Table.i0-4 show
an example of initializing values for full graphic display.

!
£

DA IXR DA:  INITIAL ADDRESS OF DATA
IXR:  INDEX REGISTER
RN:  REGISTER NUMBER

uon RN

1

WRITE RN INTO

ADDRESS REGTSTER
IXR + 1 = IXR OF CRTC
T v
WRITE DATA IN
(1XR) ADDRESS
RN +1 — RN INTO CRTC
RN = 15
NO ?
YES

Fig. 10—3 Initializing Flow Chart of The CRTC

LDX  #DA LOAD DATA ADDRESS INTO INDEX

REGISTER
CLR A CLEAR ACCA
ILRI STA A Ay STORE REGISTER NUMBER INTO ADDRESS
REGISTER

LDA B oX LOAD INITAL DATA INTO ACCB

STA B As1  STORE ACCB INTO CRTC REGISTER

CMP A s
BEQ ILR; BRANCH IF COMPLETE
INC A INCREMENT ACCA
INX INCREMENT INDEX REGISTER
BRA ILRi  BRANCH TO ILRI
LRy —

Fig. 10—4 Initializing Program of the CRTC
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Table.10-1 Specification of Character Display (Example)

Table.104 Initializing Values for Full Graphic Display

Item Specificaton Register No. Name Ini?'giié;iyaim
Scan Mode Non-Interlace : J
- - Ro Horizontal Total 63
Horizontal Deflection Frequency 15,625 KHz - -
- - Ry Horizontal Displayed 32
Vertical Deflection Frequency 60.1 Hz - —
. R Horizontal Sync Position 47
Dot Frequency 8 MHz R Hori T Widh
Character Dot (Horizontal x 8 x 12 orizonta’ Syne Width 4
Vertical) R4 Vertical Total 31
Number of Displayed Characters 40 x 16 Rs Vertical Total Adjust 4
(Row x Line) Verti ol
HSYNC Width 4 s Rs crtfcal Dlsp_ayed. . 24
Cursor Display Raster .9~IO, . R7 Vertical Sync Position 28
Blink:16Field Period Rs Interlace Mode 0
Paging, Scrolling — Rg Maximum Raster Address 7
’ R: Cursor Start Raster —
Table.10-2 Initializing Values for Character Display 2 rso ,a <
Rn Cursor End Raster —
. Initializing Value
Register No. Name (Decimal) Riz Start Address (H) 0
Ro Horizontal Total 63 Ris | Start Address (L) 0
R, Horizontal Displayed 40 Rie | Cursor (H) —
R: Horizontal Sync Position 52 Ris | Cursor (L) -
R; Horizontal Sync Width 4
R4 Vertical Total 20 10.3 Program of Paging
Rs Vertical Total Adjust 8 As shown in Fig.9-11, paging is io sclect a desired
Rs Vertical Displayed 16 page from refresh memories for plural pages. Fig.10-5
R7 Vertical Sync Position 19 shows a flow chart of paging. In this example, input for
Rs Interlace Mode 0 selecting a page is derive.d‘t.'rom page KEY. This is a
R Maximum Raster Address 1 very easy ?rogram where initial addltess of refresh memory
corresponding to the selected page is set to start address
Rio Cursor Start Raster 73 .
register.
Ru Cursor End Raster 10 Then, as shown in 9.8, cursor address should be modifi-
Rz Start Address (H) 0 ed by the same number which start address is changed by.
Rz Start Address(L) 0
Rus Cursor (H) 0
Ris Cursor .(L) 0

Table.10-3 Specification of Full Graphic Disﬁlay

(Example)
Item Specification
Scan Mode Non-Interlace
Horizontal Deflection Frequency 15,625 KHz
Vertical Deflection Frequency 60.1 Hz
Dot Frequency 8 MHz
Character Dot(Horizont.al X 8 x 8
Vertical)
Number c:fl'{ cl))‘:fspiag{-eiie ()?haracters 32 x 24
Number of Dlspl:{ i)o\t{(e l;lt?zlazlgnt- 256 x 192
HSYNC Width 4 45

Cursor Display

Paging, Scroiling :

NAA s sswea s~ ss



[APPENDIX]

Internal Registers of the CRTC

——— — ;é-}:fxadecim . Data Bit ':,,g, of ﬁ!
-ter ! T s ogramme
No. mf:mﬂﬁS 43210 gvies |
AR Address Register I : C0~17
Ro  Horizontal Total .00 ; 0~255
Ri  Horizontal Displayed -0l ; | - 0~255 %

i Rz Horizontal Sync Position .02 ‘ - 0~255 * .
Rs ; Horizontal Sync Width .03 | 0~15 i
R¢ | Vertical Total I 04 ? 0~127
Rs | VERTICAL Total Adjust s XX | 0~31
Rs | Vertical Displayed 06 X | 0~127 %
Rs ' Vertical Sync Position 07 X ‘ 0~127 x
Rs  Interlace Mode 08 | 'v!Is 0~3 |
Rs | Maximum Raster Address 09 0~31 Ji
Rio | Cursor Start Raster 0A ! =
Rii  Cursor End Raster 0B "o 31 =
Riz | Start Address (H} oC 1 ! 0~
Riz | Start Address (L) 0D ! | 16383
Ris | Cursor (H) OE ! 0~
Ris | Cursor (L) OF i 16383 |
Ris | Light Pen (H) S100 i1

| Rur Light Pen (L) TR

* These values shall be programmed according to restriction

shown in next page.

Interlace Mode

Cursor Display

B P Display Mode
6 0 Non-Blink

0 I Non-Display

1 0 Blink, 16 Field Period

S Mode
0 0
, 0 Non-Interlace Mode
0 1 Interlace Sync Mode
I ! Interlace Sync & Video Mode

Blink, 32 Field Period

60 HITACHI




Restriction On Programmed Values of the CRTC
Programmed values of the CRTC internal registers
shall be restricted like the the followings:

)0 < Npg < Npeitl < 256

ii) Nne : Odd Number (in the case of interlace sync
mode or interlace sync & video
mode)

iii) 0 < Nyg < Nye+1 < 128

iV) Nhsp+Nhsw < Nae+1

V) Nivsp = Not

Vi) 0 < Ncstart < Neenp < Ne

Vii) In the case of interlace sync & video mode, either'

of the followings shall be selected.
{1} Nestart, Ncenp : Even Number
(2) Ncstart, Ncenp : Odd Number

Meaning of Symbols in i) ~ Vii).

( Nne : (Number of Horizontai Total
Characters) — |

Nia : Number of Horizontal Displayed

Characters
Nv: : Number of Vertical Total
Programmed
Characters) — |
Values of . .
. Nyg : Number of Vertical Displayed

Registers

Characters

Nisp : (Horizontal Sync Position) — |
Nysp : (Vertical Sync Position) — |
Ncstart : Cursor Start Raster Address
Ncenp : Cursor End Raster Address
N: : Maximum Raster Address




ABBREVIATIONS

AB
AR

cG

CLK
CMP
CRT
CRTC
CUDISP
DB

DEC
DISPTMG
HSYNC
LPSTB
MA

MPU

MPX

RS
VSYNC

P-S

Address Bus

Address Register

Character Generator

Clock

Comparator

Cathode Ray Tube
Cathode Ray Tub? Controller
Cursor Display

Data Bus

Decoder

Display Timing

Horizontal Synchronization
Light Pen Strobe

Refresh Memory Address
Micro Processor Unit
Multiplexer

Raster Address

Refresh Memory

Register Select

Vertical Synchronization

Parallel-Serial Converter
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| F I
Table of Functional Differences between HD46505R and HD465058 ~ < R
Ra. | Tuneeional DEffersnce HNLESOSD uD455033
1 | tnterlace [Programing Character line address C!;auc:e! line address }
Syne Method Programming ¢4 [73 ¢ Programming
of e e }uﬂit for 10 unit for
] number of ber of 2 nuaber of
ercical I oo = o - e e ] vertical vertical
Video Mode character characters| 3 chatacters
Displsy Py T ¢
5
6
3 P ----- - G G D - - - o - e -
:
8
‘;———-———---—-- ————— -
9
In HD4G505R, number of characters is vertica- In HD4650Q5S, number of characters is vertica-
1lly programmed in unit of two lines, as lly programmed in unit of cne line, as
11lustrated above. (Number of vertical tocal illustrated above. (Number of vertical fotal
cheracters, Nuzber of vertlcal displayed characters, Number of vertical displayed
characters, Vertical Sync Positiom) characters, Vertical Sync Position)
Example of above figure Example of sbove figure
Programmmed number into Vertical Displayed Programmed aumber into Vertical Displayed
Register = § Register = 10
Humber of Only even number can be specified. Both even number and odd number can be
rascer per 5 specified.
character Py st 3s ; Character Character
P e line ad ; y
1line :—6 _____ -5 Number of raster ;_4_--_ _.6-.|d e:’ :._:;..-.lfn.‘.'idlr s"
P m———
P R . R - - - - - -3} 4:.-----0-; o
r__ ________ 3 Character t-e ..... e~—3 - S -~ -5
-3 - it
a--o—oo-a--—' \ line address - ST, g ‘:;;;;;_,;;7)
2 4 2
‘-e---—---o--z pooTsm---: ? Bttt tadeded
(8- -=-- -5 R 3-6--—--- -2 1
— e e .
-9~ 9-o - -7 Pl Sadtnalinden >~ 3 s-'-——--°—4
—_— —————ee e
———————-a9 g 3= =— - >-521 - —— - - -
i ——p——
pie-e8---T7]  e--=s-o- -2
Number of raster = 10 scanline (specified) | = ~~~°T7T7°° 1
Howerver, number which is programmed into
When number of raster When number of rascer
register is caluculated as follows. per character lime is per character line
Programmed aumber (Nr) EVEN, is ovD.
= (Number specified) - 1 Number of raster Number of raster
= 10 scan line @ 9 scan line
(specified) (specified)
However, number which is programmed into
register is caluculated as follows.
Programmed number (Nt)
= (Number specified) - 2
Cursor Cursor is displayed in either EVEN field Cursor is displayed i{n both EVEN field
Display or 00D field. : and ODD fleld.

~ O8O0 9-0O--3 ¢ 00D number
‘-0--0-00-&-!<— ODD number
il -7

'
! 9 609" ' «— EVEN number
“_'g'ﬂ-z"&t'k

- > Q-

é —:a_-?-\. ?__g_:h EVEN number
1 4

°

PRkt !
‘-_§._~gg;g%-_-3<—— QDD number
o 2 ©-0-9-G-- 54— 0ODD number
giisoooooo--- 7

0 .

2 —

i Bogse-s EVEN aumber
P QG O-54—— (00D number
g




w PR
R Ve g

Not used

Ho..[ Pmctional Diffecen HD4630SR HD4650SS
2 Vertical Syne Tixed at 16 raster scan cycls (16H) Prograumable (1 - 16 raster scan cycle)
Pulse Wideh Specified by
Fixed at 16 __4 [ high order
cla i & bitc of R3
{VETNC output) $caa <y
VSYNC | | vsgie | l
L0 77,27 RN R3[wafwea[wilwo [ T [ ]
e e i e — | et gr——
Not used HWerizontal Sync Wideh Vertical Syac Horizemtal $ync
+ Wideh Width
3 SKZW Fhunction Not includad

SKEW function i{s newly included in DISPTMG,
CUDIS? signals. )

Attached byte
pr— e,

r8  [o,lcdpiipeZddv [s]

——
CUDISP DISPTMG

Example of DISPTMG output

—f L._ HNot skewed
| l__ One character skew
l l.. Two character skew

.3 | 1 character time
k—3 2 character time

4 Start Address Regiscer

Impossible o READ

Possible to READ

s | reseT signal (RES)

HA°~ M 13 Output

_——— h
Rig~RA, Output } Synchronous reset

Other Qutputs — - = - - - Asynchronous reset

Output signals of MAg~MA;3 , RAg~RA, ,

synchronizing with DLK "LOW" level, go to

"LOW" level, after KES has gone to "LOW".

Qther outputs go to "LOW" immediacely after
has gone to "LOW" level.

MAg ~MA 3 Output.

RAg ~RA 4 Output } = -=Asynchronous resaet
Other Outputs

Output signals of MAo~MAyy, RA g ~RA ¢ and
others go to "LOW" level immediately after
RES has gone to "LOW" level.

» Table of Characteristic Difference between HD46505R and HD46505S

HD4650SR HD4SQSS
No. | Characteristic Difference Symbol ain typ max min typ max Unic
‘ 3 Clock Cycle Time teyee 330 — — 270 — — ns
2 | Clock Pulse Width "High" Py 150 —_— — 130 — — ns
3 | Qock Pulse Width "Low" P 150 —— — 130 — — na
Rise and Fall Tiowe '
s for Clock Input Ter*Ter — — 15 - - 20 ne
5 | Horizontal Sync Delay Time THSD B — 250 — —— 200 ns
6 |Light Pen Strobe Pulse Widch PW, oy 80 [— —_— 60 — — ns
Light Pen Strobe T, — —— 80 — — 70
? Uncertsin Time of LPDL fe
Acceptance TLPD2 10 0 ns




PRODUCT REGISTRATION AND QUALITY FEEDBACK FORM

matrox
@ electronic systems Itd.

5800 ANDOVER AVE., TM.R., QUE., H4T 14, CANADA
TEL: 514~735-1182 TELEX: 05-825657

As soon as your new Matrox product is operational please fill in this form and return it to us. By doing so you will
register your board or module with Matrox and be assured of receiving any future product or documentation up~dates. The
information in the form will also help us to improve our products and documentation so that we can continually improve

our service to you the customer.

NAME: (OMPANY:

ADDRESS: PHONE:

DATE PRODUCT RECEIVED:

PRODUCT IDENTIFICATION

Each Matrox board or module has a paper label similar to the box at
the right. Please fill in this box with the information on the label.

Each board also has a number as part of the silk screen. If you have
one of our boards (as opposed to a module), please find this number
and print it in the space provided to the right.

CUSTOMER FEEDBACK

LOCAL MATROX REP:

1. Did the product work when first tried? 8.

O Es
QO No
]

2. Why did it not work?

O Damaged in shipment
O Insufficient documentation
[ Poor documentation
O Poor product design

JDon’t know ) 9.

a

3. Did you call Matrox for technical support?

CJYES
gxNo

4, If yes, how do you rate our technical support?

O Excellent
C1Good

O Average
CJPoor

TYPE :

DATE

SER. NO.

CUST.

STS AjTyBF S

Matrox Electronic S gstems Ltd.
MADE !N CANA

WRITE SILK SCREEN
NUMBER HERE

D06

What is your end product, and what stage of
development is it at? X

7 Prototype
O In Production
[

What is the product’s software environment?
(Monitor, operating system etc)

O 10. What is the product’s hardwars enviromment?

5. Did you require software support?

O YES
oNo
jm)

6. Have you bought Matrox products before?

O¥ES
[sm) (o)

7. How did you find out about Marrox?
OMagazine advertisement

OTrade Show
CWord of Mouth
a

(CPU, Memory, Display Characteristics)

1l. What additional products would you like to see

Matrox develop?
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e matrox
electronic systems Itd.

5800 ANDOVER AVE., T.M.R., QUE., H4T 1H4, CANADA
TEL.: 514—735-1182 TELEX: 05-825651

ATTENTION: PRODUCT REGISTRATION

FOLD HERE

ADDITIONAL COMMENTS

. ( Please note any errors found in our documentation, hardware, or software.)
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5800 ANDOVER AVE.. TM.R., QUE.. H4T 1H4, CANADA’

e a4
TeL. S

o 1402 TELEY: N5_298R51
Tou-iive TRLEXI R s

PRODUCT FAILURE REPORT

If you are reiurning one of our products for repair, you must fill out this form and
return it with the defective unit. The information so provided is necessary for us to
provide a high standard of service.

COMPANY NAME AND ADDRESS:

NAME OF UNIT:

MODEL NO.(on silkscreen): SERIAL NO.(on label):

DATE UNIT RECEIVED: DATE UNIT FAILED: OR DEAD ON ARRIVAL [].
MEMORY BASE ADDRESS USED: 1/O BASE ADDRESS USED:

PLEASE DESCRIBE THE SYSTEM THAT THE UNIT IS USED IN (CPU,BUS,MEMORY,ETC.):

UNIT CONFIGURATION {50 or 60 Hz, attributes used, display resolution selected,
etc.):

FAULT 1S CONSTANT []  FAULT IS INTERMITTENT []

PLEASE DESCRIBE THE FALLT:

THE FOLLOWING SPACE IS FOR FACTORY USE ONLY

QORRECTIVE STEPS TAKEN:




(— matfox
electronic systems Itd.

5800 ANDOVER AVE., MONTREAL, QUE. H4T 1H4, CANADA
TEL.: (514) 735-1182 TELEX: 05-825651

Matrox Electronic Systems Ltd reserves the right to make changes in specifications at any time and without notice. The in-
formation furnished by Matrox Electronic Systems Ltd in this publication is believed to be accurate and reliable. However, no
responsibility is assumed by Matrox Electronic Systems Ltd for its use; nor for any infringements of patents or other rights of
third parties resulting from its use. No license is granted under any patents or patent rights of Matrox Electronic Systems Ltd.
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