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Modifications have been made to the
department’s Volker Craig VC404 and VC4404
terminals to enable characters to be displayed in
inverse video on an individual character by char-
acter basis. This feature has been put to good
use in programs such as ‘“Explain’’ and ““Edit”
where there is a need to highlight character
strings.

The two terminal models have different internal
designs necessitating the use of different control
sequences to enable and disable inverse video,
The VC404 uses ‘‘control Q”’ to toggle between
normal and inverse video while the VC4404 uses
“control Q’’ to enable invérse video and ‘‘con-
trot 0"’ to disable it.

December 16, 1983

P.O. Box 1144, WOLLONGONG, N.S.W. AUSTRALIA.

telephone (042)-270-859
telex AAZ9022



inverse video for Volker Craig terminals

Michael Milway

Department of Computing Science
University of Wollongong

ABSTRACT

Modifications have been made to the department’'s Volker Craip
vC404 and VC4404 terminals to enable characters to be displayed in
inverse videa on an individuat character by character basis. This
feature has been put to good use in programs such as 'Explain® and
'Edit’ where there is a need to highlight character strings.

The two terminal models have ditferent imernai designs necessi-
tating the use of different coniro! sequences to enable and disable
inverse video. The VC404 uses ‘controi O 10 toggle between normal
and inverse video while the VC4404 uses '‘control N’ 10 enable inverse
video and ‘control O’ to disable it

1. introduction

The original VC404 terminais. as purchased., were capable of only dispiaying
lines of text without any form of highlighting. This fitted most of the needs of the
department. When the 'Explain’ programs were being developed it became apparent
that there was a naed tc make certain parts of the display stand out. For instance the
result of the last program line that was executed should be highlighted so that the user
can easlly see the resuits produced by that line.

Consequently the design of the VC404 was examined and a modification utilising
an unused part of the displtay memory and some logic gates designed that would aliow
individuai characters to be displayed in inverse video.

With the arrival of the newer VC4404 terminais a simllar problem was created. An
invarse video modification for the VC4404 was developed ulilising the half intensity
attribute of that terminal.

The control saquences t¢ enable and disable the inverse video feature are dif-
ferant. dug to the different internal design ot the two types of terminai. This will cause
problems with software that Is designed solely for one type of terminal with the control
sequences burled deep in the program. Software should be written as independent of
the output device as possible. not only inverse video but for other attributes such as
cursor addressing. which have differant contral sequences on different makes of ter-
minal.

2. Inverse video for the VCA04

2.1. Design modifications

Figure 1 shows the circuit modifications needed to install inverse video on the
VC404 terminal. The modifications to the control board aliow the terminal to change
between normal and inverse video moades, while the modifications to the display board
ailow for the storage and display of normal or Inverse characters.

When the terminal receives a ‘controi Q' character pin 11 of I.C. UD6 on the con—
trol board Is asserted. This signal Is fed into the clock input, pin 3. of a 74L874 filp-
tlop. UD1. This fiipflop is wired up as a T type flipflop. Whenever it receives a positive
edge on its clock input its Q output. pin 5. changes state. The state of this pin
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determines whether subsequently received characters wiil be displayed in normal or
inverse video. If the Q output is high characters are displayed in Inverse video other—
wisa they are displayed in normai video. On power up or after & 'clear screen’ com-
mand the Q output is set low. The G output of the flipfiop is connectad to the display
board as the most significant bit of a byte containing the next character to be
displayed.

Characters to be displayed are stored in RAM on the dispiay board. Characters
are stored as ASCil codes requiring only seven bils per character. Extra memory
chips are instalied In spare positions on the display board o storg the normal or
inverse status for each character. As characters are received they are written into the
seven least significant bits of the display memory. At the same time the most signifi-~
cant bit is set to the state of tha inverse video togglte. Thus inverse video information
s stored on a character by character basis.

As characters are displayed they are read from the display memory and used as
inputs to a character generator ROM, UF9. The output of the ROM s a bit pattern
representing the current row of that character. This is latched Into a shift register,
UD1, and shifted out to the display.

The VCA404 has a strap option that allows the whole screen t0 be displayed in
elther normal or Inverse video. Before the output of the shift register is fed to the
display it is fed into one input of an exclusive OR gate, UB1 pin 13. The output of this
gate, pin 11. is fed to the display. If the other Input to the exclusive OR gate, pin 12, is
heid high the whole display will be in normat video. if it Is held low the whoie display
wili be In inverse videg. By changing this Input on a character by character basis indi-
vidual characters may be displayed In either normat or inverse video. When a charac—
ter is read out of the display memory the most significant bit (inverse video status) is
latched into a fiipflop (1/2 of UGT). The inverted output of this flipflop, pin 6. is then
fed Into the second input of the exclusive or gate, pin 12, If the most significant bit was
iow the character would be be displayed in normal video, ang if it was high the char-
acter wouid be displayed in Inverse video.

2.2. Instalation

2.2.1. Control board

Install a 14 pin socket in the spare 1.C. location UD1. Make the following connec-
tions using lengths of insulated wire wrap wire soldered to the pins on the solder side
of the board:

UD2 pin 7 to UD1 pin 7

uD2 pin 14 to UD1 pin 14

UDE pin 17 to UD1 pin 8

UDE pin 15 to UD1 pin 1

UD1 pin 14 to UD1 pin 4

UD1 pin 2 to UDT pin 6

UD1 pin 5 to Edge Connector pin 78

The wire for the last cannection should first be soldered to the edge connector pin 78
on the component side of the board. taking care not to impede the proper action of the
edge connector, passed thraugh a suitable hole in the clrcuit board and then soldered
to pin 5 of UD1. Install a 74L874 in the socket at UD1.

2.2.2. Dispiay board

Install two 16 pin sockets at locations UAS8 and UD8. Remove the strap between
pins 1 and 16 of UG4 If )t is Installed. Make the following connections using lengths of
insulated wire wrap wire soldered to the pins an the solder side of the hoard:



UB2 pin 6 to UG pin 3
UG pin 14 to UGT pin 1
UGT pin 17 to UGT pin 4
UG pin 6 to UG4 pin 1 (REV)
UG@1i pin2 to UG10 pin 1

Install two 2101171 memaory chips, or equivalent. at UAB and UD8.

2.3. Cperation

When the terminal is powered up or it receives a 'clear screen’ character the
inverse video toggle is set to normal video, Any character then recelved will be
disptayed In normal video. When the terminai recelves a 'control Q° character the
inverse video toggle will change to inverse video. Any characters now received will be
displayed in inverse video. Previously received characiers will be unaffected. K the
tarminal receivas another '‘control Q° the inverse video toggie will change back to nor-
mal video. Since ‘control Q' is used as a toggle between normal and inverse video the
driving software must remember which mode the terminal is in and only send a "‘con—
trol Q' if the mode is to be changed.

3. Inverse video for the VC4404

3.1. Design modifications

Figura 2 shows the circuit modifications needed o install inverse video on the
VC4404 terminal. The VC4404 has a half intensity attribute allowing characters 1o be
individually displayed in either normai or haif intensity. Each character is stored in the
disptay memory as a seven bit ASCH! code. The remaining most significant bit is used
to signal whether the character is to be displayed In normat or half intensity, Charac-
ters displayed in normal video have the most significant bit high. while those displayed
in half intensity have this bit low. Half intengity Is turned on when the terminal receives
a ‘controi N* and is turned off when the terminal receives a ‘control O'.

As with the VC404 characters are displayed by reading their ASCII code out of the
display memory and using them as the low order address inputs into a pair of charac—
ter generator ROMs, U2 and U5. The high order address bits determine which row is
being displayed. Separate circuils are used for the odd and even character columns
to reduce the rate at which each ROM is accessed. The output of the ROMs s then
shifted into the display. The original 2K by 8 bit ROMs have been replaced by a palr of
4K by 8 bit 2632 EPROMs. The most significant bit from the display memory is used as
the mast significant address input to the EPROMs. When the most significant bit of the
display memory Is high (normal video), the top 2K of the EPROM is selected. When
this bit Is low (half intensity) the bottom 2K af the EPROM Is selected. The original
character set has been copied directly into the 1op 2K of the EPROMs. A bit for bit
inverted character set has been copted into the bottom 2K of the EPROMs. Conse—
quently when normal video is sefected the original character set is accessed and the
display is unaffected. but when half intensity is selected the Inverted character set is
salected and the character is displayed in inverse video. It should be noted that the
half intensity circuit Is still in operation. That |s. Inverse characters are actually
displayed in half Intensity inverse video. This effectively takes the harshness qut of
inverted characters.

3.2. installation

Remove the character generator ROMs, U2 and US. from their sockets. Using an
EPROM programmer, copy the character set into the top 2K of a pair of 2532 EPROMs.
Copy an inverted character set into the bottom 2K of the EPROMs. The above is more
saslly carried out If a fully programmed 4k EPROM is avaitable as the whoie EPROM
may then just be copied. Bend pin 18 of the EPROMs out at right angles and Install the
EPROMs in place of the original ROMs. Pin 18 should not go into the socket. Using
wo lengths of insulated wire wrap wire connect pin 18 of U2 to pin 9 of RP1 and pin 18
of U5 to pin 9 or RP2.



3.8. Operation

When the terminal Is powered up it is set to normai video mods. Any character
then recelved will be displayed in normal video. When the terminal receives a ‘control
N’ character it will change to inverse video mode. Any characters now recelved will be
displayed in inverse video. Previously displayed characters wiil ba unaifected. If the
terminal now recelves a ‘controi O’ character it will revert back to normal videc. On
receipt of ‘control O’ while in normal video or ‘control N* while In Inverse video mode
has no effect. 1t should be noted that clearing the screen does not reset the terminai
to narmat video operation.

4. Conclusions

The inverse video modifications described above are very useful. They do. how-
ever, differ quite markedly in their method of operation. This means that a program
written for one type of terminal will not work when used with another type of terminat.
(This not only applies to turning inverse video on or off. but to other commands. such
as cursor addressing. that vary In operation between terminal types. This applies not

only to Volker Cralg terminais but equally as well to other types that may be purchased
in the future.)

Softwars should be written that is independent of the type of terminal being used.
A set of standards should be developed and adhered to that tell the operating system
what attribute Is to be changed. it is then up 10 the operating system to know what type
of terminal Is being used and to issue the correct control sequence. Also the program
shouid remember the state of the terminal and only issue commands if an attribute is

to be changed. 1. e.  inverse video is aiready on then no attempt should be made to
turn it on again. :
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