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1 
CHARACTERDISPLAY DEVICE FOR TELEVISION 

MONITOR 

The invention relates to a device for displaying 
digital information in the form of characters on a televi 
sion screen. Such a device employs a circulation 
memory in which during the display process informa 
tion circulates once per picture line of the television 
screen, a decoder, and a character generator. The 
characters to be displayed are formed in the character 
generator and a checking device is provided with 
which, at given instants, only that information appears 
at the outputs of the circulation memory which serves 
for the character to be formed in the character genera 
tor and to be displayed on the television screen at that 
instant. 
Such devices are known. It is desirable to use in such 

television display systems normal television monitors 
which need not be provided with additional means. 
This has been achieved in the known device by using a 
so-called monoscope tube as a character generator and 
using the video signal produced therein for the desired 
characters for the control of one or more normal televi 
sion monitors. For both the monoscope tube and the 
television receiver(s) a common time base control 
device is present which also controls the circulation 
memory. A drawback of this known device is the fact 
that for displaying several lines of characters on the 
television screen, a complete circulation memory is 
necessary for each line. This extensive circulation 
memory is provided with information from a computer, 
a tape recorder, a typewriter, a light-pen and the like. 
Other devices are known for displaying digital informa 
tion in the form of characters on a television screen in 
which by using a circulation memory of a very large 
storage capacity, for example, a delay line or a number 
of parallel delay lines, the video signal which has previ 
ously been derived in a character generator from the 
digital information for the characters to be reproduced, 
can be stored for a complete television screen picture. 
In this case the circulation frequency of the television 
screen. Another similar arrangement is known wherein 
particular arrangement of video information in the cir 
culation memory will result in the circulation frequen 
cy of this information in the circulation memory being 
smaller than the picture frequency of the television 
screen. The drawback of the last-mentioned devices is 
that a circulation memory of a very large capacity is 
required with all the associated control and 
synchronization problems. 

It is the object of the invention to avoid the draw 
backs of the said devices. For that purpose the inven 
tion is characterized in that the storage capacity of the 
circulation memory is sufficient to take up the total 
digital information for a line of characters to be dis 
played on the television screen, and that a buffer 
memory with selection members is available in which 
the information for the characters to be displayed 
simultaneously on the screen can be collected. A 
checking device is provided with a characters-per-line 
counter and a picture counter which control the buffer 
memory selection members in such manner that during 
a period which corresponds maximally to the display 
time of a space between the lines on the television 
screen, the digital information for a line of characters 
can be displaced from the buffer memory to the circu 
lation memory. 
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2 
Thus, the required capacity of the circulation re 

gister is now restricted to the storage of only that quan 
tity of information which is required per line of charac 
ters to be displayed. A buffer memory has become 
necessary in which the information for the characters 
to be displayed simultaneously on a picture screen from 
information sources, for example, a computer, a mag 
netic tape and the like, can be stored. The buffer 
memory may be, for example, a component of a com 
puter memory itself or a separate memory. However, 
this memory need not be a very fast memory (see 
below). The circulation memory is always provided 
with new information for a following line at the correct 
instants during line spaces. Since the circulation 
memory is filled from the buffer memory during the 
space between lines of characters and the buffer 
memory is not necessary during the display of the 
characters, the buffer memory is available during the 
display for communication with an information source, 
so that new information can be recorded. If the buffer 
memory forms part of the computer memory, this 
memory is available for the computer itself during the 
said spaces. Thus, only a part of the computing period 
of the computer is occupied. The use of the combina 
tion buffer memory and circulation memory according 
to the invention has very advantageous consequences, 
particularly with regard to the possibility of displaying a 
large number of characters simultaneously on one or 
more normal television monitors. 

In order that the problems which occur in displaying 
a large number of characters on a normal television 
monitor are understood, the following is to be ob 
served: 
A television picture on a normal television screen is 

rewritten 25 to 60 times per second. If, for example, 
2,000 characters are to be displayed simultaneously on 
a television screen, then this means that per 12.5 to 30 
m-sec (10 sec) all these characters have to be 
presented once to the television display system or, on 
average, one character every 10p sec (10 sec.). When 
the information from, for example, a computer, a tape, 
a keyboard and the like, is stored in a separate buffer 
memory, one character must be read every 10 sec. A 
character is characterized, for example, in a binary 
form with eight bits. These eight bits are usually read in 
parallel. When the number of parallel outputs of the 
buffer memory is larger, several characters can be read 
simultaneously so that, for example, in the case of 16 
outputs, two characters must be available every 20p. 
sec. This requirement can readily be fulfilled, by means 
of the conventional forms of buffer memories (core 
memories and the like). However, this means that it 
must be possible for every available character to be dis 
played entirely on the television screen. Providing a full 
character simultaneously and in the correct place on a 
television screen, required a number of extra means in 
the deflection systems for said tubes. Normal television 
monitors are not suitable. Special character generators 
are used, see for example, Dutch patent application 
6,616,905, FIGS. 7 and 8, Electric Applic. Vol. 26 nr. 
1, 1965-1966, p.p. 2-25, and U.S. Pat. No. 2,987,715. 
In order to enable the display on a normal television 
monitor, all the digital information required for a line 
of characters to be displayed per picture line (there are 
totally, for example, 512 lines) must be at the disposal 
of a suitable character generator (see below). If, for ex 
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ample, a line is considered for displaying 64 characters, 
the digital information of these 64 characters must be 
available from the buffer memory for every picture line 
per line of characters. This means that with a duration 
of a picture line of, for example, normally 64 sec., one 
character per u sec. must be available from the buffer 
memory. In nowadays frequently used buffer memo 
ries, the cycle time is 6p sec so that for meeting the 
above-mentioned requirement, three of such memories 
with 16 parallel outputs or six of such memories with 
eight parallel outputs are required. 
However, this makes the solution of the problem for 

being able to use a normal television monitor as a dis 
play device very expensive, or a large portion of a com 
puter memory would be occupied as a buffer memory. 
In order to be able to display without too many compli 
cations a large number of characters per line on the 
television screen, according to the invention in the 
combination of buffer memory and circulation 
memory, according to a further embodiment of the in 
vention, the control of the buffer memory selection 
members is carried out by the characters-per-line 
counter and the picture line counter in such manner 
that successively the digital information of characters 
to be displayed and located not immediately beside 
each other on a line can be displaced from the buffer 
memory to the circulation memory and that the circu 
lation memory is filled during the time of a number of 
picture lines of a space between the lines while circulat 
ing in such manner that at least after the last picture 
line of a space the circulation memory is filled in the 
sequence of successive characters to be displayed on a 
line. When a line of characters on the television screen 
is sufficiently written with, for example, eight picture 
lines, this means that during said eight picture lines the 
information for a line of characters must circulate eight 
times in the circulation memory, for per picture line, 
the whole information for a line must always appear at 
the output of the circulation memory for being 
presented to the character generator. When the line is 
fully written, the information for the next line must be 
recorded in the circulation memory. According to the 
invention this is effected during the time which cor 
responds to the display time of a space between the 
lines of characters on the picture screen. That space 
must be chosen to be such that between two lines of 
characters there is sufficient time for transferring all in 
formation for the next line of characters from the 
buffer memory into the circulation memory. In display 
ing a large number of, for example, 64 characters per 
line and a buffer memory cycle of 6p sec, the time 
required for this transport is 64 X 6pu sec. This cor 
responds to a space of minimally six picture lines 
between two lines. In order to maintain a correct 
sequence of the characters on a line, the control of the 
buffer memory selection members must take place as 
described above. The circulation memories required in 
the devices according to the invention must have a cir 
culating time which is equal to the duration of a televi 
sion picture line. They may be all types of shift registers 
controlled by clock pulses. However, delay lines as they 
are normal in television monitors themselves may ad 
vantageously be used. These may be, for example, glass 
delay lines or the so-called lumped component delay 
lines which are cheap and have a sufficiently large in 
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4 
formation bit storage capacity. The storage capacity of 
such a line is at least sufficient for storing a number of 
bits which is equal to the number of characters to be 
displayed on a line (for example 64). A character is 
represented, for example, by six bits, so that in that 
case six glass lines in parallel arrangement are necessa 
ry. The storage capacity is substantially larger so that 
fewer delay lines will suffice (see below). The rate at 
which it must be possible to read the information for a 
character from a circulation auxiliary memory lies in 
the order of the above mentioned 1u sec. This is easily 
possible with the circulation auxiliary memories which 
may be used. If, for example, only two glass delay lines 
in parallel arrangement are used for six bits per 
character, it must be possible to read per line a bit in 
one-third = 0.33pu sec. This is very well possible, for the 
maximum bit speed for such a line is approximately 5 
mc/s (10 cfs) or one displacement per 0.2pu sec. A 
further great advantage of the use of such a television 
delay line is that its delay time can be used for deriving 
a synchronization signal for the whole device. When a 
line of characters is written, the digital information of 
the successive characters is supplied from the circula 
tion memory to the decoder succeeded by the 
character generator. In the decoder the digital 
character information is decoded (in the case of 64 
characters a decoding of 1-out-of-64) and then supplies 
an energization signal for the character input in 
question of the character generator. As already in 
dicated above, a monoscope tube may be used as a 
character generator. According to a further embodi 
ment of a device according to the invention, a diode 
matrix made suitable for that purpose may alternatively 
be used as a character generator. A diode matrix as a 
character generator is known perse, (see U.S. Pat. No. 
2,987,715). However, this serves for the formation of a 
full character at a time and therefore is designed and 
controlled for that purpose. The known diode matrix 
for use in a device according to the invention has one 
input per character which is connected to the relative 
output of the decoder and which comprises a number 
of control inputs corresponding to the number of pic 
ture lines per character. The inputs are energized after 
each other each time after the completion of a 
complete preceding picture line from the checking 
device. The diode matrix further includes a number of 
outputs which corresponds to a number of dots per 
character corresponding in the direction of the picture 
line which are controlled from the checking device dur 
ing one picture line so many times after each other as 
characters can be displayed on a line at these outputs, 
dependent upon the parts of the characters to be dis 
played on a line coinciding with the picture line to be 
written at that instant, control signals for the television 
monitor are formed on which the characters appear in 
the form of a number of dots. 

In order that the invention may be readily carried 
into effect, it will now be described in greater detail, by 
way of example, with reference to the accompanying 
drawings, to which, however, the invention is not to be 
restricted. 
FIG. 1 shows a diagram of a device according to the 

invention, 
FIG. 2 shows a diagram of another device according 

to the invention, 
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FIG. 3 is a detailed diagram of a device according to 
the invention, 
FIG. 4 shows a time generator for a device according 

to the invention, 
FIG. S shows a diagram of a device for obtaining an 

intensity signal for a television monitor, 
FIG. 6 shows a circulation memory delay line within 

puts and output circuits, 
FIG. 7 is a diagram of a picture on a television 

screen, and 
FIG. 8 shows a character diode matrix for a device 

according to the invention. 
In the figures corresponding components are 

referred to by the same reference numerals. FIG. 1 
shows a principle circuit diagram of a device according 
to the invention. In this figure reference numeral 1 
denotes a buffer memory which receives the informa 
tion from without, for example, from a computer and 
the like, via inputs 11. The buffer memory may alterna 
tively be a component of a computer memory itself 
which is not shown. This information contains per 
character, for example, eight bits which, for example, 
may include two parity bits and six character code bits. 
The address selection of the buffer memory 1 takes 
place by means of selection members 2 controlled from 
an address control device 3. When information is to be 
supplied to the buffer memory 1 from without through 
the inputs 11, the address control device 3 transmits 
the successive memory address places for the incoming 
information to the selection members 2, for example, 
from a memory place counter 30 commanded through 
an input 31. When information from the buffer 
memory 1 is to be displayed on the television monitor 
TV, the address control device 3 is controlled through 
input 32 from the checking device 4. In this case the in 
formation of a selected address is applied through out 
puts 12 of the buffer memory to a register 5, and also 
supplied through line 13 again to the inputs 11 of the 
buffer memory 1 so as to write the information again in 
the normal manner in the buffer memory 1. The 
character code bits are assumed to be at the register 
places 51, 52, . . . 56 of the register 5. Reference nu 
meral 6 denotes the circulation memory. In this exam 
ple, the circulation memory consists of 6 shift registers 
61, 62, 63, 64, 65, 66, a number of controllable input 
gates 61a, 62a, . . . 66a, and an output register 60. A 
decoder is denoted by 7, 7a, 7b. Reference 8 is a 
character generator in the form of a monoscope tube 
which is controlled through lines 80, 81, 82, 83, 84. 
The video signal produced in the monoscope tube is ap 
plied through line 90 to an amplifier 9 and thence to a 
device 10 to which also time base signals are presented 
through lines 101 and 102. One or more television 
monitors TV are fed from the device 10. 
The checking device 4 contains a picture line 

counter 41 and a characters per-picture line counter 
42. G is a control output from the device 4 to the gates 
61a . . . 66a., of the circulation memory. The presence 
or absence of a control signal on line G determines 
whether information has to be transported from the 
buffer memory 1 to the circulation memory 6 or 
whether the information just has to circulate in the cir 
culation memory 6. C is a clock pulse output connected 
to the shift registers 61 . . . 66 and R is a resetting out 
put connected to the register 60. Let is be assumed that 
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6 
the buffer memory 1 is filled with the bit information of 
a number of lines of characters to be displayed on the 
television screen. The picture line counter 41 counts 
the number of picture lines, for example 512 in a 
rhythm equal to the picture frequency of a normal 
television monitor tube. A picture line has a duration 
of, for example, 64p sec. In transporting during a space 
the information for a line of characters from the buffer 
memory to the circulation memory 6, the characters 
per-line counter 42 counts the number of characters 
per line during one or more picture line periods depen 
dent upon the space between the lines. 

In this example it is assumed that a space between 
the lines is two picture lines. In this time, 2 x 64 = 128u. 
Sec. the characters per line counter 42 counts, for ex 
ample, 20 characters. This counter controls therewith 
the address control device 3 through line 32. As a result 
of this the information of a number of successive 
characters is selected in the buffer memory, through 
the selection members 2 and is supplied successively to 
the register 5, and simultaneously put in place in the 
buffer memory 1 through the lines 13. When the cycle 
time of the buffer memory is 6p sec, 20 x 6 = 120 sec. 
is required for the said 20 characters which thus falls 
within the 128pu sec. of the space period. The character 
code bits in the places 51, ... 56 of the register 5 are 
supplied parallel to the gates 61a, ... 66a of the respec 
tive shift registers 61, ... 66. During the transport of in 
formation from the buffer memory 1 to the circulation 
memory 6, these gates transmit the respective 
character code bits, for example b", b, b, b, b, b, 
of a character b, controlled through the line G from the 
device 4, after which the register 5 is prepared again for 
a following character code through line 50. The infor 
mation of a preceding line of characters possibly 
present in the shift registers 61, ... 66 is erased. So the 
speed of this transport is determined by the cycle time 
of the buffer memory. During this transport the shift re 
gisters 61, ... 66 are synchronized through line C with 
a clock pulse per cycle period. In this example in which 
one shift register is present in the circulation memory 
per bit of the character code, each shift register has a 
number of bit places equal to the number of characters 
per line, so in this case 20. After two picture lines the 
circulation register 6 is filled with information for the 
next line of characters. When on the TV-monitor 
screen a line of characters occupies, for example, eight 
picture lines, the information stored in the circulation 
memory must circulate eight times during the display 
process. This circulation must be carried out at a speed 
which corresponds to the picture line frequency. So in 
this case one circulation in 64 sec. For that purpose, 
the clock pulse frequency is increased twice through 
line C from device 4, so that now every 3 sec. a shift in 
the shift registers 61, ... 66 takes place instead of every 
6 pi sec. The character code bits of a character are sup 
plied to the register 60 and that for each character per 
line, so once per picture line of the line. The register 60 
after handling a character information therein, is 
erased through the line R. The character code bits from 
the register 60 are supplied to the decoder 7, 7a, 7b. In 
this example, the brightness signal of the monoscope 
tube is controlled from the bits in 7 which is a logical 
network. In 7a, the horizontal deflection signal and in 
7b the vertical deflection signal for the monoscope is 
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formed, for which purpose 7a and 7b are simple 
digital-toanalog converters which supply a voltage for 
selecting the relative character in the mask of the 
monoscope. The selective character appears on the 
screen of the monoscope. The place thereof is deter 
mined by the value of the horizontal and of the vertical 
sweep signals which are supplied through lines 83 and 
84, respectively, from the checking device to the 
horizontal and vertical deflection system input lines 81 
and 82, respectively, for example, through an inductive 
coupling. The picture on the monoscope is scanned and 
supplied per picture line of a normal monitor picture 
screen a video signal which corresponds to the parts of 
the characters to be displayed on a line coinciding with 
that picture line. This video signal is amplified in an 
amplifier 9 and, together with the time base signals for 
a normal television monitor, formed to a signal im 
mediately suitable for such a television monitor TV in a 
device 10. When a character code has been handled on 
a television screen, so when the part thereof coinciding 
with a picture line has appeared the following character 
code for a character on that line is available from the 
circulation memory and so on for a full picture line and 
this so many times in succession as there are picture 
lines per line of characters. The control hereof is ef 
fected from the checking device 4, in which the picture 
line counter 41 counts the number of picture lines per 
line of characters and the characters-per-line counter 
42 counts the number of characters per line. The con 
struction and operation of the checking device 4 will be 
described in greater detail hereinafter with reference to 
another example. 

FIG. 2 shows a diagram of a second device according 
to the invention. In this example, the circulation 
memory 6 consists of three shift registers or particu 
larly of three delay lines (hereinafter referred to as 
delay lines) 261, 262, 263, a number of input gates 
264, 265,266, a number of output gates 267,268,269 
and a character register 60. The input gates 264, 265, 
266 are commanded through lines A-B from the 
checking device 4 and that in such manner that a 
character code b' of register place 51 of the register 5, 
a character code bit b of register place 53, and a 
character code bit b of register place 55 are simultane 
ously applied to the delay lines 261, 262, 263, respec 
tively, through the gates 264, 265 and 266, respective 
ly, if in addition a control voltage which releases the in 
formation transport is applied to the line G. Then a 
character code bit b of register place 52, bit b of 54 
and b of 56 are simultaneously applied, through gates 
264, 265 and 266, respectively, to the delay lines 261, 
262,263, respectively. A character code b', b, bib', 
b', b, for a character b is incorporated in the delay 
lines as shown in the Figure. Now the character code 
b', b, b's for a subsequent character b, to be displayed 
on the same line must immediately succeed the code of 
the preceding character b in the delay lines. The cycle 
time of the buffer memory is smaller than the bit speed 
in a delay line. For example, every 6p sec. a new 
character code is presented to the register 5. When this 
code is the character code of the character b to be dis 
played immediately on the preceding character bi, the 
bit space in a delay line can only be used for a small 
part. It is a requirement that the correct sequence of 
the characters b, b, ... to be displayed is present at the 
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8 
output gates 267, 268, 269 of the delay lines, so that 
when the same sequence of characters is presented to 
the delay lines, through resistor 5, an intermediate 
space of approximately 6 u sec in the lines will always 
not be used. This has for its result that the number of 
characters to be displayed on a line is only restricted, 
so, in this example of a line having a delay time of 64p. 
sec. 64/6 as 10 characters. 
According to an aspect of the invention, this may be 

obviated as follows. The picture line,counter 41 and 
the characters-per-line counter 42 command the ad 
dress control device 3 through line 32 in such manner 
that successively the addresses of characters to be dis 
played which are located not immediately beside each 
other on a line, are selected through the selecting mem 
bers 2. During filling, the circulation memory circulates 
during the time of a space between the lines lasting a 
number of picture lines, in such manner, that at least 
after the last picture line of a space the circulation 
memory is filled with characters on a line succeeding 
each other in sequence. 

In this example, the address selection for filling the 
circulation memory takes place, for example, as fol 
lows: After a character bi a character be is selected 
which should be nine places furtheron on the line. Then 
b and so on. The character code of this character b 
comes at a distance of 6p sec. relative to the code of 
character b in the circulation register (see the figure). 
When the 64pu, sec. of the delay line have expired, for 
example, the codes of eight characters b1, b, b1, ... bs 
are incorporated in the lines in this manner and the 
code of character b, again appears at the input. The 
next circulation cycle begins and during the next 64pu. 
sec. successively the characters b, bio, bus, . . . bss are 
selected and incorporated in the lines. This is con 
tinued during the space time between two lines, so in 
this case 8 X 64 a sec. After termination of this, the 
characters b1, b, ba, . . . be for a line are incorporated 
in the circulation register exactly after each other. 

During the display of a line which takes place im 
mediately after the above filling process, the character 
code bits b', b,; b', b, and so on appear after each 
other at the output gate 267 of line 261, the bits b1, b, 
b', b, and so on appear at the output gate 268 of the 
line 262, and the bits b1, b,; b, b, and so on appear at 
the output gate 269 of line 263. 
A control input W at these gates, controlled from the 

checking device, ensures that the bits per character are 
recorded in the character register 60 parallel beside 
each other. This character register 60 is again suc 
ceeded by a decoder 7 and a character generator 8 as, 
for example, in FIG. 1, to which a normal television 
monitor TV is connected. The whole series of 
character codes appears once per picture line time (= 
circulation time of the circulation register) at the 
character register 60 and that so many times after each 
other as there are picture lines for a character. 

FIG. 3 shows a more detailed diagram according to 
the invention. Much attention is paid particularly to the 
checking device 4, in addition to another form for a 
character generator (namely a diode matrix). 

It is assumed that the circulation memory 6 com 
prises six, for example, television glass delay lines, 
namely 601, 602, 603, 604, 605 and 606. The informa 
tion which is introduced from without, for example, 
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from a computer, a keyboard, and the like through 
lines 11 into the buffer memory 1, in this case, for ex 
ample a memory of 4 x 512 words of eight bits, 
produces for each new word a pulse through line 712 to 
a word counter 31. This counter 311 consists of a 
number of flip-flops FF, ... FF with which 2,048 (= 4 
X512) words can be counted. With this large number 
of 2,048 words (= characters to be displayed) a flicker 
effect will occur in normal television monitors. When 
this is inadmissible one may proceed to delaying the 
frame deflection generator two times and using a tube 
having a longer afterglow. A number of characters, for 
example, 1,024, gives no flicker effect, for in that case 
the known interlacing method may be used. When the 
buffer memory is a part of a computer memory itself, 
the word counter 311 may be a part of a computer 
memory place counter. 
The position of the counter 311 is supplied to the ad 

dress control device 3 through lines 31. This address 
control device 3 consists of a number of OR-gates, 300, 
301, . . . 310 which are connected to the selection 
members 2 of the buffer memory. The address control 
device 3 transmits the counter position from the 
counter 311 as an address code to the selection mem 
bers 2. Therefrom the place in the buffer memory for 
the incoming word is indicated in known manner. 
The successive counter positions give the successive 

addresses for a series of incoming words. 
When information has to be transported from the 

buffer memory 1 to the circulation memory 6 for filling 
the latter, it is necessary for a good degree of filling of 
the circulation memory, as was explained with 
reference to the device shown in FIG. 2, that after a 
character (= word) b has been selected and trans 
ported, the next character is not be, but, for example, 
bg, then b . . . bs, and after one circulation of the cir 
culation memory be, bus . . . bss and so on. This sequence 
of characters is ensured by means of the characters 
per-line counter 42 and the picture line counter 41 in 
collaboration with the address control device 3. The 
characters-per-line counter 42 consists of a number of 
flipflops H., H., Ha, H., Hs, Hs with which 2 = 64 
characters per line can be counted. In addition there 
are three flipflops H', H's and H's which lead four 
counts with respect to Ha, Hs, Hs (see below). The pic 
ture line counter 41 comprises a number offlipflops V, 
V, . . . V with which 2' = 512 picture lines can be 
counted. This counting occurs in groups of eight pic 
ture lines with the flipflops V, V, V. A first group of 
eight picture lines serves for the transport of informa 
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command to AND-gate G through line L (see below). 
2 = 32 first groups of eight picture lines are to be 
distinguished (by flipflops Vs . . . V), also 32 second 
groups of eight picture lines, so that 32 lines for charac 
ters with the line spaces are available. The connections 
(lines 32) between the flipflops V, V, V, with the OR 
gates 300, 301, and 302, respectively, the flipflops H', 
H's, H's with the OR-gates 303, 304 and 305, respec 
tively, and the flipflops V, V, V, V, V with the OR 
gates 306, 307, 308,309, 310, respectively, of the ad 
dress device 3 ensure the above-mentioned sequence 
for the address selection to be present. 
The flipflops H', H's, H's which lead four counts 

with respect to the flipflops H., H., H and not the flip 
flops H, Hs, His themselves are connected to the gates 
303, 304,305, because, due to the fact that the flip 
flops H', H's, H's lead by four counts, it is ensured that 
the selection of a following address has occurred timely 
before reading out the selected address place in 
question. Herewith it is prevented that the starting 
pulse of the buffer memory should already arrive be 
fore the information is transported to the circulation 
memory. 
The counting positions of the flipflops H., H., Ha of 

counter 42, and of the flipflops V, V, V of counter 41 
are compared with each other in a comparison device 
B. When the counting positions are equal, a pulse is 
supplied which is also supplied to the AND-gate G. If 
at the same time a signal is set up across the line L, with 
which it is indicated that a first group of eight picture 
lines (space) is counted, the gate G is opened. In this 
manner the gate G is opened at the instants at which 
information may be transported from the register 5 to 
the input gates 61a, . . . 66a of the delay lines 601, ... 
606. Herewith it is ensured that the information comes 
at an accurately defined place in the circulation 
memory. The requirement that the counting positions 
of the said parts of the counters 41 and 42 should be 
equal has for its result that with every picture line of a 
group of 8, after a character by a following character 
bs of a line after a time precisely equal to 8 character 
widths counted in the characters-per-line counter is 
transmitted to the circulation memory. For that pur 
pose a counting pulse is supplied to the characters-per 
line counter 42 from a generator D each time exactly 
after a time corresponding a character width. With a 
following picture line the counter 41 shifts one step 
which produces a change in the position of the flipflops 
V, V, V. The equality of the counting positions 
between V, V, Va and H1, H., H3 consequently occurs 

tion from the buffer memory to the circulation memory now at a following counting position of H1, H., H3. 

Picture line----------- 64x 

8 

Positions IDelay line 601 
arrara-arearra-ra-r-m-m-marr- bit b of 
H. H. H.3 V V V8 Equality character b 

000 000 X b' 
O 

000 000 x b's 
001 
000 

64x b's 

000 OO 
OO OO x b 
O00 
001 b10 

64x bis 

(there is then a space of one line on the screen). A 65 Herewith it is ensured that after circulation of the 
second group of eight picture lines serves for displaying 
the line of characters. The transition between these two 
groups is recognized in the flip-flop V, which supplies a 

circulation memory upon filling thereof, no bits are 
written on each other but beside each other exactly at 
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distances equal to 1 step of the characters-per-line 
counter. The read-write command pulses for the buffer 
memory are produced in a generator M after every 
eight pulses from generator D, counted by means of the 
flipflops H., H., Ha of the counter 42. These eight 
counting pulses indicate a time of 8 x a character width 
which is 768 nanoseconds (10 sec.) for example, with 
a space between characters (see below), so that every 8 
X 768 u sec. a read-write command for the buffer 
memory is given. So this can be handled for a buffer 
memory having a cycle time of 6pu sec. k 
When the circulation memory is filled, which is the 

case after termination of a space of eight picture lines, 
V is switched and the gate G is closed. The command 
signal G now varies and the process of displaying the 
line of characters begins. In the sequence b1, b the 
characters appear in the character register 60 from 
which they each the decoder 7. In this decoder a 1-out 
of-64 selection is made in known manner so that for 
each of the 2s 64 possible characters an outgoing line 
is available. Always one line at a time is energized 
which leads to the character generator 8. 

In this example the character generator is assumed to 
be a diode matrix having one input (so 64) per 
character and having a number of control inputs I (in 
this case eight) corresponding to the number of picture 
lines per character. These control inputs are energized 
after each other each time after termination of a pic 
ture line. This may be effected by using the counting 
positions of the flipflops V, V, V of the line counter 
41 which give a 1-out-of-8 selection for the eight con 
trol inputs I in a decoder part 71. The diode matrix has 
a number of outputs Usucceeded by a register DR with 
a number of places 01, 02, 03, 04, 05, 06 which cor 
responds to a number of dots per character cor 
responding in the direction of the picture line. 
The device D is a time pulse generator which sup 

plies a pulse to the outputs T, T. . . . T at fixed in 
stants, t, t . . . ts, respectively. This may be, for exam 
ple, a delay line, having a tapping at certain places and 
the output of which is again connected to the input. 
The generator is impulsed, for example, by means of a 
pulse from a monostable multivibrator E which is 
started from an OR-gate P to which are connected the 
output Ts of the delay line D as a generator feedback 
coupling and a synchronization lead K originating from 
one of the glass delay lines, for example, 601 of the cir 
culation memory. Herewith a good synchronization is 
ensured. A dot of a character on a television screen will 
be, for example, 96 nanoseconds (10' sec.). Per 
character there are, for example, six dots in the width 
with between the characters a space of two dots. This 
means that for a character + space (6+2) X96 = 768 
nanoseconds are required and hence for a line of 64 
characters, 64 X 768 s 50p sec. This lies within the 
64 sec. of a picture line and hence is admissible. Then 
there certainly is sufficient time for the flyback. The 
generator D now supplies pulses at six successive in 
stants t t . . . to which are at a distance of 96 
nanoseconds. With these successive pulses the register 
places 01, 02, . . . 06 of register DR are scanned and 
pulses or no pulses appear after each other after the 
OR-gate Q, dependent upon the part of the presented 
character coinciding with the picture line to be written 
at that instant. These pulses are control signals for the 
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television monitor, particularly for the brightness 
signal, which gives light dots on the screen. After the 
instant t a pulse appears at the output T of generator 
D after 7 x 96 nanoseconds. This pulse is a counting 
pulse for the characters-per-line counter 42, and a 
resetting pulse across the line R for the character code 
register 60. Herewith it is indicated that a following 
character code must be transmitted from the circula 
tion memory 6 to the decoder 7. When a new pulse ap 
pears at the output T at a following instant ti, informa 
tion has meanwhile been introduced again into the 
character register DR, and so on. At the instant to a 
pulse appears at the output Ts of generator D and is 
returned to the input of gate P. Then at the following 
instant ti, t . . . pulses appear again at the outputs T1, 
T, . . . During each time t1, . . . to a part of a character 
coinciding with a picture line is written, while during ty 
and t a space is formed between two characters. When 
a full line is written, the characters-per-line counter 42 
is counted full. At that instant a pulse appears in part H 
of this counter, which indicates that the horizontal 
flyback of the television tube electron beam occurs. 
This pulse serves as a suppression signal (blanking) for 
the electron beam and is for that purpose applied to the 
device 10. In the same manner a pulse appears in part 
V of the line counter 41 when said counter is counted 
full which serves as a command for the vertical flyback 
of the television electron beam. For that purpose said 
pulse is presented to a synchronization pulse generator 
S to which the synchronization signal from the circula 
tion memory 6 is also presented through line K. The 
synchronization pulses produced in generator S are 
then also applied to the device 10. By combination of 
the signals supplied to the device 10, namely intensity 
signal, blanking signal and synchronization signal, the 
video signal is formed in said device which is applied to 
the television monitor TV. 

FIG. 4 shows how the generator D may be con 
structed, for example, by means of a delay line. 400 
denotes the delay line. From the monostable mul 
tivibratotor E controlled from OR-gate P the generator 
is impulsed at the input. The input is constituted by two 
transistors 401, 402 as amplifiers, The tappings for the 
various outputs T, T, ... T are denoted by T", T', . . 
. T's at the point T's of the line 400 an emitter follower 
with transistor 403 is provided. Through this and 
through the output T the output pulse of the line is 
returned to the input of the OR-gate P. Amplifiers with 
transistors 404 and 405 are present at the other taps 
T', 'T' . . . T and supply pulses to the outputs T, T. . . 
. T at the above-mentioned instants t, t . . . t. The 
line is terminated by the impedance Z. The points 
where the generator D is connected to the supply volt 
age are denoted by +. 

FIG. 5 shows how the outputs T, T, ... Ts of genera 
tor D can cooperate with the outputs 01, 02 . . . 06 of 
the character register DR to obtain the intensity signal 
for the television monitor. The output T of generator 
D and the output 01 of register DR (FIG. 3) are con 
nected to inputs of a part Q. of the OR-gate Q (FIG. 3). 
The outputs T of the generator D is also connected, 
through a gate O' which serves for inverting the signal 
at T, to a further input Q. The function of Q is such 
that only at the instant that a time pulse tappears at T. 
and no pulse has been transmitted yet to T is the signal 
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transmitted to the output 01 of the register DR. A 
signal or no signal is then formed at the line N suitable 
for a dot on the television screen. The same applies to 
the other parts O with O'2, Os with O's Os oft a's 
for the instants to ta. . . to 

FIG. 6 shows a diagram of a part of the circulation 
memory particularly of a delay line with input and out 
put circuits. It relates, for example, to the delay line 
606 of FIG. 3. 607 is the input, 608 the output of the 
line 606. To the input 607 is connected an input ampli 
fier with transistors 609, 610 to which the input signal 
is presented through line 611. The output 608 is con 
nected to an amplifier with the transistor 612 together 
with a diode resistance network 613 so as to bring the 
output pulse at a certain level. The amplifier with 
transistor 612 is succeeded for impedance matching by 
an emitter follower with emitter 614. The line 615 con 
stitutes the output of the circuit. 

5 
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FIG. 7 shows a television screen picture of a 20 
character. There are B picture lines, subdivided intol, 
lia, . . . lus, totally eight picture lines per line R of 
characters, le . . . are the picture lines of a second line 
R2 of characters. Between the two lines R and R there 
is a line space S, likewise shown by eight picture lines, 
su, S12, . . . sis. In the horizontal direction the picture is 
divided into pieces K1, K12, Kia . . . Ke; Kai, K,..., 
Kus, Kal . . . Ke46 over the length T of a picture line. On 
these line pieces, a light dot is formed or not formed de 
pendent on the character to be displayed controlled 
from the matrix. Between two characters on a line 
there is always a character space of, for example, two 
pieces KS, namely KS11, KS, KS. . . . In the example 
the following numbers are feasible: 64 characters per 
line, length of a line (= picture line) 64pusec. six dots as 
character width plus two dots as a character space = 
eight dots per character. A practical choice of a dot 
length in time is 96 nanoseconds (10 sec), so that the 
64 x 8 x 96 nanoseconds s50pusec. fall amply within 
the picture line time of 64pusec. 

FIG. 8 shows how a diode matrix can be constructed, 
as a character generator. The inputs on the upper side' 
of the Figure are the 64 character inputs from right to 
left for P. B, I, L., ... The control inputs I are shown on 
the right by 11, . . . . Is. The outputs U to the 
character register DR are denoted by U, U2, . . . Us. 
The meanings of the various symbols in the matrix are 
shown on the right top side of FIG. 8. The matrix is 
constructed so that parts of characters which cor 
respond to other characters are used for all those 
characters in common. This provides the advantage 
that many diodes can be saved. The part 800 of the 
matrix serves for making the connections for those 
common parts. The operation is as follows: Letit be as 
sumed that character input "K' is energized. “K” has 
its "I'limb in common with many other characters for 
example "L." P and so on. For this purpose the part of 
the matrix which is constructed for this is to be con 
nected to the "K"-input. Diode 801 serves for this pur 
pose. The "K" input is connected, besides to the matrix 
line 802, also to the matrix line 803. 

Let it also be assumed that picture line I(see FIG. 
7) is displayed. In this case the input I of the matrix is 
energized. Lines 804, 805 . . . 809 convey voltage. The 
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14 
lines 802, 803, 804, ... 809 intersect each other and a 
diode is provided, in this case 810 and 811, current 
paths are produced. 
When the outputs U1, U2, . . . Us are scanned after 

each other as described above through the register DR, 
the voltage situation at each of the lines 804, ... 809 is 
investigated after each other. For this purpose, diodes 
U’, U's, U's, ... U's are provided between the lines 
804, ... 809 and the outputs U1, U2, ... Us. In this case 
a voltage will appear at the output U, as a result of the 
connection by diodes U", 810 and diode 801 to the 
character input “K” which gives dot Y, see FIG. 7. No 
voltages appear at the outputs U2, ... Us because there 
are no connections. A voltage does appear at the out 
put Us as a result of the connection by diodes U's and 
811 to character inputs "K" (dot Y, in FIG. 7). 

This is carried out for all characters which partly 
coincide with the picture line lu. With picture line lie 
the control input I instead of I of the matrix is ener 
gized so that the lines 814, 815. .. 819 convey voltage. 
Now those parts of the characters for the line (R in 
FIG. 7) are written which coincide with the picture line 
li. When it is again the turn of character"K,' line 802 
is again energized and current paths are opened 
through the diodes 801, 820 and 821, The outputs U. . . 
. . Us are successively scanned. A connection is made 
between the output U, through the diodes U, 820 and 
801 to character input “K” so that the output U con 
veys voltage, which produces dot Ys, see FIG. 7. The 
same applies to output Us at which a voltage is formed 
by the connection across diodes Us and 821 to 
character input "K" which produces dot Y (see FIG. 
7). 
When the whole picture line I with the further 

character parts of the character for that line R coincid 
ing therewith is written, the control input Is is energized 
and the lines 824, 825 . . . 829 convey voltage. The 
diodes 830 and 831 now play a part with the diode 801 
and the diodes U, U. . . . Us. Herewith the dots Ys 
and Y are formed (see FIG. 7). Preceding in this 
manner a character is formed as may be read from the 
matrix. The character forms may be chosen differently, 
if desired, for which purpose the diodes may be placed 
at other places on the matrix. 
What is claimed is: 
1. A character display device for display on a televi 

sion monitor having a plurality of picture lines compris 
ing a buffer memory for storing a plurality of rows of 
characters, a circulating memory for storing a line of 
characters, said circulating memory including a plurali 
ty of circulating registers each storing a portion of said 
row of characters, a decoder coupled to said circulating 
registers, said decoder responsive to the output of said 
circulating registers for providing a signal for selecting 
a character, a character generator coupled to said 
decoder and responsive to said decoder signal for 
generating the selected character, said television moni 
tor coupled to said character generator for displaying 

65 

lines 802 and 803 also convey voltage for "K' as a 
character to be displayed. At those points where these 

each selected character, a checking device coupled to 
said circulating memory for recirculating said 
character line for as many times in succession as there 
are picture lines per line of characters, said checking 
device including a picture line counter and a character 
line counter, said checking device further coupled to 
said buffer memory for transferring the next successive 
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character line to said circulating memory during the 
time interval corresponding to the plurality of picture 
lines representative of the space between adjacent rows 
of characters, said buffer memory including an address 
control device coupled thereto, said picture line 
counter and said characters per line counter being cou 
pled to said address control device for selecting ad 
dresses of characters, in a sequence independent of the 
sequence of characters in a line of the display, in said 
buffer memory, and means for circulating said circula 
tion memory during the time of a space between lines 
for a period of a number of lines whereby after the last 
picture line of a space, the circulation memory is sup 
plied with characters on a line in succession. 

2. The combination of claim 1, wherein each of said 
circulating registers is a delay line. 

3. A device as claimed in claim 1, wherein the delay 
time of a television delay line serves for providing a 
synchronization signal for application to said television 
monitor. 
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4. A device as claimed in claim 1, wherein said 

character generator is a diode matrix having one input 
per character which is connected to the relative output 
of the decoder and which has a plurality of control in 
puts corresponding to the number of picture lines per 
character, said control inputs being energized after 
each other each time after termination of a complete 
preceding picture line from said checking device, said 
diode matrix further comprising a number of outputs 
corresponding to a number of corresponding dots per 
character in the direction of the picture line said out 
puts controlled from the checking device during a pic 
ture line a number of times after each other in ac 
cordance with the numbers of characters which can be 
displayed on one line and at which outputs, dependent 
upon the parts of the characters to be displayed on one 
line coinciding with the picture line to be written at that 
instant, control signals are formed for the television 
monitor on which the characters appear in the form of 
a number of dots. 
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