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RASTER SCAN SYMBOL GENERATOR 

BACKGROUND OF THE INVENTION 

This invention relates to new and improved display systems 
which convert digital signals (e. g. binary) corresponding to in 
formational data into video signals for displaying such data as 
symbols on conventional television picture tubes. Display 
systems of this type are useful since one video signal source 
can provide informational data to many standard television 
receivers or monitors via conventional transmission media, 
such as closed circuit transmission lines, microwave links, 
radio links and the like. Because the data can be displayed on 
standard television monitors, the display system is less costly 
than other display systems which display informational data 
(e. g. alphanumerics, vectors, curves and other symbols). 

In general, the standard scanning raster of the television pic 
ture tube is utilized in such systems to produce the displayed 
symbols. For example, the active viewing area of a 525 line 
television raster consists of 483 horizontal scan lines, equally 
spaced in a vertical direction to display a two dimension pic 
ture. This two-dimensional picture is generally divided into 
equal symbol spaces arranged in rows and columns. In the ex 
emplary system described hereinafter embodying the im 
provements of the present invention, the television raster is 
capable of generating up to 27 rows of 56 symbols. Each row 
and, hence, each symbol space consists of a group of television 
scan lines. Each column and, hence, each symbol space con 
sists of successive time segments (along the horizontal dimen 
sion) during which the scanning beam may be unblanked. 

Since the television scanning beam moves horizontally by 
line and progresses vertically downwardly, the symbols are 
written on a line by line basis, row by row. Portions of each 
scan line associated with a symbol row are selectively blanked 
and unblanked in accordance with selected symbols so as to 
produce a slice of each symbol in a row for each scan line. The 
symbol slices in successive scan lines then integrally form the 
selected symbols. 
Each symbol is represented by coded binary signals. To 

generate the correct video signals, selected ones of the binary 
input signals are shifted in sequence to a prescribed position 
during each scan line. In the prescribed position, each selected 
binary input signal is decoded to provide a symbol identi?er 
signal. Each symbol identi?er signal‘ is coupled to partially 
enable unique combinations-of logic gates. The partially ena 
bled logic gates are further enabled by TV scan line signals so 
as to pass selected vertical time segment or dot signals thereby 
producing unblank signals at the proper times to provide slices 
of the corresponding symbol. The sequencing of the coded bi 
nary input signals causes the correct video signal to be applied 
to the display device at the proper times in the scan lines. 

In some known raster scan type display systems, separate 
gating chains are required for each character in the set. In 
others, an attempt has been made to share logical gating nets 
among those characters having common characteristics. For 
example, in one of the latter systems alphanumeric characters 
having common vertical dot patterns share common logic nets 
to generate the video unblank signals for such common dots. 
Although, the latter system does gain a reduction in logic gat 
ing nets and a uniform type of logical net, it does not provide 
an efficient logical net reduction, especially for higher resolu 
tion displays. In addition, it is believed that such systems are 
incapable of displaying more than one character size without 
adding additional gating chains for each additional size. 

BRIEF SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to provide 
a novel and improved display system. 
Another object is to provide novel and improved raster scan 

symbol generating apparatus. 
Still another object is to provide novel and improved raster 

scan‘ symbol generating apparatus capable of generating dif 
ferent sized characters. 
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In brief, the invention is embodied in display apparatus for 

generating patterns for display on a display device which ex 
hibits a television raster scan line pattern wherein rows and 
columns of symbol spacers are de?ned by sequences of scan 
line signals and sequences of dot signals, respectively. The ap 
paratus includes ?rst means for providing symbol codes 
representative of a symbol set, the symbols of which are 
formed from a common set of dot patterns including horizon 
tal, vertical and slant lines, the horizontal and vertical 
directions corresponding to the row and column directions, 
respectively. Second means is responsive to the symbol codes 
to provide horizontal, vertical and slant line identi?er signals. 
Third means including horizontal, vertical and slant line form 
ing circuits responds to corresponding line identi?er signals 
and to the scan line and dot signals to provide horizontal, ver 
tical and slant dot pattern signals in accordance with coded 
combinations of the symbol identi?er signals. The horizontal, 
vertical and slant dot pattern signals are then combined into a 
single dot pattern signal representative of the symbol codes. 
According to one feature of the invention means is provided 

to change the size of the symbol spaces. This means includes 
means responsive to symbol size control signals to ( 1) change 
the frequency of the dot signals and to (2) change the count 
sequence of the scan line signals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings like reference characters 
denote like structural elements; and 

FIGS. 1A and 1B illustrate the resolution, character spacing 
and typical characters of different sizes for one exemplary em 
bodiment of the invention; 

FIGS. 2A-2F illustrate typical vertical, horizontal and slant 
dot patterns which can be shared by a number of characters in 
a particular character font; 

FIG. 3 is a block diagram of a raster scan generator em 
bodying the present invention; 

FIG. 4 is a block diagram in part and a logic diagram in part 
of the character stroke encoder shown in the FIG. 3 diagram; 

FIG. 5 is a block diagram in part and logic diagram in part of 
the timing control portion of the raster scan generator shown 
in FIG. 3; and 

FIGS. 6A, 6B and 6C are block diagrams in part and logic 
diagrams in part of the slant, vertical and horizontal stroke 
forming networks, respectively, of the stroke/dot pattern 
generator of the raster scan character of FIG. 3. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

It is within the contemplation of the present invention that 
symbols of any desired shape such as alphanumeric charac 
ters, graphical type symbols, and others can be formed from a 
common set of dot patterns including horizontal, vertical and 
slant line patterns. However, by way of example and 
completeness of description, the invention is herein illustrated 
for an alphanumeric character generator embodiment. 
The manner in which character patterns are formed on a 

display device having a television raster scan is illustrated in 
FIGS. 1A and 1B and FIGS. 2A, 2B, 2C and 2D. As shown in 
part in FIG. 1A, the display surface is apportioned into a row . 
and column grid of character spaces with a row margin 
between adjacent rows and a character or column margin 
between adjacent character columns (characters .in a row). 
For the illustrated high resolution embodiment, each 
character space is shown to comprise a sub grid of 24 scan 
lines, L1, L2 . . . L24, by 24 time segment spaces, S1, S2 . . . 

S24. The row and column margins, thus, consist of six scan 
lines (L22-L24 and L1-3) and of seven time segment spaces 
($17-$24), respectively. The maximum active character area 
then is a grid of 21 scan lines (Ll-L21) by 16 time segment 
spaces (51- $16). It is understood, of course, that the illus 
trated 24 by 24 grid is merely indicative of the resolution ob 
tainable with embodiments of the present invention and other 
grids of different resolutions may be employed. 
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In a standard television raster, the scan lines Ll-L24 are in 
terlaced; i.e., the scanning beam ?rst scans the odd lines L1, 
L3 . . . L23 of each character row and then scans the even 

linesL2, L4 . . . L24 of each row to form the complete raster. 

Scan line signals which correspond ,in time to the duration of 5 
the active trace scan ofa scan line are also referred to as 
L1-L24 throughout the description for convenience. Also, 
throughout the description, the time segment sequence S1 
S24 designates time segment'signals which occur in sequence 
for each characterspace (including the column margin) along 
each character row. Thus, in each scan line, the time segment 
signals occur in repetitive sequences. Throughout the descrip 
tion, these .time segment signals will be referred to as dot 
signals. In order to provide bridging between the dot spaces 
and to provide uniform horizontal, slant and vertical line 
widths, each dot signal is two time segments in time duration 
so as to eliminate voids in character patterns caused by failure 
of the dots to overlap. For example, the S3 dot signal begins 
on S3 time and ends on S4 time (scan line L6 of FIG. 1A). 
As shown in FIG. 1A, each character is composed of unique 

combinations of dot patterns, some of which patterns are com 
mon to several characters of symbols in a particular font of 
characters comprising the character set or library. As 
described later in detail, all characters which use a common 
dot pattern share a single logical gating net which produces a 
dot pattern signal, for selectively unblanking the scanning 
beam in the display device. In such a device, the dots are, of 
course, a solid color on a contrasting color background, 
whereas the dots are shown in outline form in FIG. 1A to illus 
trate the formation of characters with common dot patterns. 
Although different character fonts may require different dot 

patterns, FIGS. 2A, 2B, 2C, 2D, 2E and 2F illustrate typical 
vertical, horizontal and slant patterns which are formed of ad 
jacent dots so as to give a stroke or vector appearance. For 
clarity and convenience the strokes‘ are illustrated in FIGS. 
2A, 2B, 2C and 2D by small circles in the dot spaces, which 
correspond to stroke end points and lines extending between 
the end point circles and through adjacent dot spaces 
therebetween which are utilized to form the strokes. For ex 
ample in FIG. 2A, vertical stroke V1 includes the adjacent S1 
dot spaces from scan line L5 through L19. In FIG. 2B, 
horizontal stroke H5 includes the dot spaces Sl'through 515 
along scan line LS..In FIG. 2C, slant stroke A8 includes the 
dot spaces S13, S14 and S15 on scan lines L18, L17, and L16, 
respectively. Since each of the dot signals is two dot spaces in 
time duration, each of the slant and vertical strokes are essen 
tially two dot spaces wide. Thus, as shown in FIG. 1A the slant 
stroke A8 actually occupies dots S15 and S16 on scan line 
L16, dots S14 and $15 on L17 and dots S13 and S14 on L18. 
For convenience, only the left hand one of such dots will be 
referred to throughout the description. 
While FIGS. 2C and 2D are illustrative of slant strokes, the 

slopes of which increase or decrease one scan line at a time in 
stair-step fashion; other slopes are obtainable. For example, 
FIGS. 2E and 2F show slant strokes having slopes which are 
determined by two scan line steps. The B1 stroke in FIG. 2E 
and the B4 stroke in FIG. 2F can be employed, for example, in 
the formation of the alphabetic character “A." On the other 
hand, the B3 slant stroke in FIG. 2F and the B2 slant stroke in 
FIG. 2E can be employed in the formation of the alphabetic 
character “V." 

Before describing the formation of characters with the 
strokes (or dot patterns), it is well to point out the symbolic 
language used herein to describe each stroke. The symbolic 
language essentially speci?es a stroke or portion thereof in 
terms of control signals which are applied to a logic net which 
produces the stroke. For the case of slant and vertical strokes 
the control signals are designated by the letter "C" followed 
by the stroke name, for example CA8, CB1, CV15. For the 
slant strokes no further control identi?er signals are necessa 
ry. 

However, for vertical strokes, different characters may 
require different lengths of the same stroke. Thus, inhibit 
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4 
signals are also required to describe the vertical stroke length 
when less than the total length is employed. These inhibit 
signals are designated by the letter “I“ (inhibit) followed by 
the stroke name which in turn is followed by the scan lines to 
be inhibited. For example, CV15 and IVI5L16-l9 describe a 
V15 stroke which extends from L5 to L15 at S15 time. 
Similarly, for the case of horizontalv strokes, two control 
identi?er signals are required to designate stroke length. The 
?rst of these signals identi?es the start of the horizontal stroke 
and is designated by the letter "S" (set) followed by the stroke 
name which in turn is followed by the dot time at which the 
stroke starts. Similarly, the end point of a horizontal stroke is 
designated by the letter “R" (reset) followed by the stroke 
name and dot time at which the stroke ends. For example, 
SH19S4 and RH19S14 indicates a horizontal stroke on scan 
line 19 which begins at S4 time and ends at S14 time. 

It will be appreciated that though the vertical, horizontal 
and slant strokes illustrated in FIGS. 2A-2F can be employed 
to form all of the usual alphanumeric characters, other special 
dot patterns may be included so as to form such special sym 
bols as %, $, @, ?, and the like. Since such special dot pat 
terns may be generated bymeans of appropriate identi?er 
signals and logical gating similar to those described here 
inafter and since such special dot patterns are not germane 
to an understanding of the present invention, no further 
description thereofis necessary. 
Returning again to FIG. 1A the numeric character “9" and 

the alphabetic character .“U" are shown as illustrative of the 
formation of characters with the horizontal, vertical, and slant 
dot patterns. In particular, it will be noted that both the “9" 
and the “U" characters employ the CA1 and CA8 control 
identi?er signals and thus share the same logical nets. The “9” 
and “U“ characters also share the logical net which produces 
the H19 horizontal stroke from S4 to S14 time. The “9” and 
“U’” characters further share another logical gating net which 
produces the V15 vertical stroke. For both characters the V15 
logical gating net is inhibited on scan lines L16-Ll9 by the in 
hibit signal IV15L16-19. For the case of the “9” character the 
V15 gating network will be further inhibited on scan lines 
L5-L8 by an inhibit signal IVl5L5-8 (not shown in FIG. 1A). 
The formation of the “U” character is completed by a portion 
of the V1 stroke. The formation of the “,9” character is 
completed by the CA3, CA4, CA5 and CA6 slant strokes and 
portions of the H5 and H12 horizontal strokes. ' 
The characters “97’ and “U" are normal sized characters. 

According to one feature of the invention the same stroke gat 
ing chains which produce normal sized characters can be em 
ployed to produce smaller sized characters. FIG. 1B illustrates 
the smaller size for the character “U." The technique em 
ployed is to shrink the horizontal dimension of the dot size, to 
eliminate certain scan lines from the normal sized character 
and to shift the remaining scan lines to ?ll up the voids created 
by the eliminated scan lines. The shifting may be either up or 
down in the character space, the down shift being shown in 
FIG. 1B. ' 

Referring now to FIG. 3, display apparatus embodying the 
invention displays character patterns on a display device 72 
which may, for example, comprise a standard television'moni 
tor having a conventional picture tube. Information to be dis 
played on the display device 72 is provided to a character re 
gister 30 by signal source 32 in binary form. The signal source 
32 includes a suitable storage means for storing the binary 
input data and suitable ‘control circuits which are 
synchronized with the scanning raster of the display device 72 
so as to provide binary input characters to the character re 
gister 30 at the proper times. For example, the signal source 
32 may update the character code contained in character re 
gister 30 during the character or column margins (dot times 
$17-$24, FIG. 1A) which follow each scan of the active 
character scan area in each character space. It is also un 
derstood that the binary input characters could be provided to 
the character register 30 in other ways. For example, ‘the 
character register 30 could comprise enough stages to hold an 
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entire row of characters in which case signal source 32 would 
update character register 30 when the scanning beam has 
completed the scan of an entire row (during the row margin, 
FIG. 1A). Also in such case, the character codes in the 
character register 30 would be sequentially shifted during 
each of the character or column margins so as to provide at 
the proper time the proper character to a character decoder 
31. 

The character decoder 31 decodes the input character code 
to provide a character identi?er signal on one of a plurality of 
character identi?er lines to a character stroke encoder 40. 
The input data format for each character to be displayed may, 
for example, comprise a 6 bit binary code. Such a code is suffi 
cient to display all the alphanumeric symbols as well as punc 
tuation and other marks. There is one character identi?er line 
for each character or symbol in the set. For example, a 64 
character or symbol set requires 64 character identi?er lines. 
The character stroke encoder 40 responds to a selected 

character identi?er signal to produce the aforementioned 
stroke identi?er signals on a plurality of stroke identi?er lines. 
In FIG. 3, the stroke identi?er lines are illustrated in groupings 
which correspond to the previously described stroke or dot 
patterns. Thus, the stroke identi?er lines includes a vertical 
stroke group, an inhibit vertical stroke group, a set horizontal 
stroke group, a reset horizontal stroke group, a slant stroke 
group and a special dot group. 
A stroke and/or dot pattern generator 50 responds to the 

stroke identi?er signals to produce a different pattern of 
digital unblank signals for each vertical, horizontal, slant or 
special dot pattern required by the selected character. To this 
end the stroke and/or dot pattern generator 50 includes verti 
cal, horizontal, slant and special logical gating nets; each of 
which receives scan line information and dot information from 
a timing control 80. 

The vertical, horizontal, slant, and special dot unblank 
signal patterns are ORed together in an OR NET 70 to 
produce a single digital unblank signal pattern. A video 
processor 71 ampli?es and processes the digital unblank signal 
pattern for intensity modulation of the convention picture 
tube (not shown) on the display device 72. 

Referring now to FIG. 4 the character stroke encoder 40 
will now be described in more detail. In this description of the 
stroke encoder a number of logical networks will be referred 
to and illustrated as NAND gates which are operated as an OR 
function. For example, when all inputs to a NAND gate are 
high the output is low. When anyone of the inputs to the 
NAND gate goes low, its output goes high thereby providing 
an OR function on its inputs. 
The character stroke encoder 40 essentially performs logi 

cal OR functions on those groups of character identi?er 
signals which require common strokes or dot patterns. To this 
end, the stroke encoder 40 includes a logical OR NET for 
each stroke identi?er signal. Each such logical OR NET has 
inputs from those character identi?er lines which require the 
associated stroke identi?er signal. Thus, the logical OR NET 
41 which produces the CA1 stroke identi?er si nal has inputs 
from the following character identi?er lines: @. .l, and U, 
(the encircled letter designates a character group identi?er 
line which identi?es selection of any one of a number of 
characters including “9"). The logical OR NET 41 is one ofa 
group of similar logical OR NETS, collectively designated as 
42. A portion of the stroke identi?er lines and signals which 
are employed to form the “9” and “U“ characters is shown in 
FIG. 4 to be derived from the logical OR NETS 42. The 
remainder of the stroke identi?er lines and signals; namely, 
those for producing the V15 vertical stroke and for inhibiting 
portions thereof, is shown to be derived from a logical OR 
NET 43. 
The logical OR NET 43 will produce a high signal on a 

stroke identifier line CV15 when any one of its input character 
identi?er lines _ _ _ or W oes low. Thus, 

5, or<l§ines goes low, 
a G; U.» a, 

when any one o the , f W, 6, u, 

a NAND vgate 46 responds thereto to provi e a high going 
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CV15 signal. When either the G, U@ 9, or©character 
identi?er lines goes low, another NAND gate 5 responds 
thereto to provide a high going IVl5L16-l9 signal (inhibit 
vertical 15 on scan line 16-19). The high going IV15L16-19 
signal is inverted by an inverter 47 to cause NAND gate 46 to 
prod ce a hi h going CV15 signal. Finally, when any one of 

the®§ o®haracter identi?er lines goes low, an AND gate 
44A and an inverter 44B respond thereto to provide a high 
going IV15L5—8 signal (inhibit vertical 15 on scan lines 5-8). 
The NAND gate 45 also responds to the low signal condition 
of the output of AND gate 44A to further provide the 
IV15L16-19 signal which in turn is responded to by inverter 
47 and NAND gate 46 to provide a high going CV15 signal. It 
is to be noted that the AND gate 44A and the inverter 44B 
are, of course, the logical equivalent of a NAND gate. 
The stroke/dot pattern generator 50 (FIG. 3) receives not 

only the stroke identi?er signals from the character stroke en 
coder but also receives scan line and dot information from the 
timing control 80. Before describing the vertical, horizontal 
and slant logic nets contained in the generator 50, it is best to 
describe the nature of the scan line and dot signals provided 
by the timing control 80. The scan line and dot signals 
produced by timing control 80 also include character size in 
formation. That is, the scan line and dot signals have one set of 
characteristics for normal sized characters such as those 
shown in FIG. 1A and another set of characteristics for 
smaller sized characters such as the one shown in FIG. 1B. To 
this end, the signal source 32 (FIG. 3) also provides a size 
code to the timing control 80. ' 

The timing control 80 is shown in FIG. 5 to include a size 
decoder 81 which responds to the size code to produce three 
control signals; namely, a normal signal NOR indicative of a 
normal sized character, a conversion one signal CONl indica 
tive of a smaller sized character having the vertical character 
space position illustrated in FIG. 1B, and another conversion 
signal CON2 also indicative of a smaller sized character which 
has a higher vertical position than that shown in FIG. 1B. A 
size conversion network 85 responds to the NOR, CON1 and ' 
CON2 control signals to relate its scan line output leads L1 
through L24 to selected ones of odd scan signals LA, LC, . . . 

LW and of even scan signals LB, LD, . . . LX. For the illus 

trated embodiment there are 12 odd scan signals and l2 even 
scan signals which are produced by a sync control and line 
counter 86 in accordance with the standard vertical and 
horizontal and synchronizing signals Vsync and Hsync, 
respectively, which are associated with conventional televi 
sion picture tubes. The odd and even scan signals may be 
produced on an interlaced basis as is well known in the art. 
The size conversion network 85 includes a number of gating 

nets 85-1, 85-2 . . . 85-24 associated with the output scan line 

leads L1 through L24, respectively. The odd and even scan 
signals are wired in various combinations to inputs of the gat 
ing nets 85-1 through 85-34. The NOR, CON1 and CON2 
signals are wired to others of the inputs of the gating nets 85-1 
through 85-24 so as to select certain ones of the odd and even 
scan signal for coupling to the scan line leads L1 through L24. 
A typical wiring program for the scan, NOR, CON! and 

CON2 signals is shown in TABLE I. 

TABLE I 

Scan Signal Normal Convert 1 Convert 2 
A L1 L1 
B L2 L3 
C L3 L4 
D L4 L5 
E L5 L7 
F L6 L1 L8 
G L7 L3 L9 
H L8 L4 L11 
l L9 L5 L12 
J L10 L7 L13 
K L11 L8 L15 
L L12 L9 L16 
M L13 L11 L17 
N L14 L12 L19 
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0 L15 L13 L20 
F L16 L15 L21 
0 L17 L16 L23 
R L18 L17 ‘ L24 
S L19 L19 
T L20 L20 
U L21 L21 
V L22 L23 
W L23 L24 
X L24 

As can be seen in TABLE I, for a normal sized character the 
conversion network 85 responds to the NOR signal to couple 
the scan signals LA through LX to the scan line leads LI 
through L24, respectively. To convert the normal sized 
character to a smaller sized character certain ones of the scan 
line leads Ll through L24 are inhibited or made inactive by 
the network 85. For the illustrated embodiment six such leads 
are inhibited; namely, L2, L6, L10, L14, L18 and L22. The 
wiring program is selected so that network 85 couples the 
remaining scan line lead to a group of 18 consecutive scan 
signals. For the CONl case the uninhibited scan line leads are 
coupled to the scan signals LF through LW. The CONI case is 
illustrated in FIG. 1B for the small sized character “U" having 
the relatively low character space position. For the CON2 
case, network 85 connects the uninhibited scan line leads to 
the 18 consecutive scan signals LA through LR. The CON2 
case essentially produces a small sized character having a rela 
tively higher character space position ( than the one illustrated 
in FIG. 1B). , 

By way of example, the speci?c wiring and gating is shown 
for the gating nets 85-2 and 85—8. The gating net 85-2 
responds to the NOR control signal to connect the LB scan 
signal to its associated scan line lead L2 ‘for the normal size 
character condition. For all the smaller sized character condi 
tions the NOR control signal inhibits the coupling of the L2 
scan line lead .to any of the scan signals. Thus, the gating net 
85—2 may suitably comprise an AND gate as illustrated. 
According to TABLE I the gating net 85—8 must connect its 

output lead L8 to the scan signals LH, LK and LF for the 
NOR, CONI and CON2 conditions, respectively. Thus, the 
gating net 85—8 consists of a ?rst level of AND gates, one for 
each of the LH, LK and LF signals, having their outputs 
ORED together in a second level OR gate, the output of which 
is the L8 lead. As illustrated, the NOR, CON 1 and CON2 con 
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trol signals are applied to the same AND gate as the LH, LK ' 
and LF signals, respectively. 
The scan line output leads LI through L24 of size conver 

sion network 85 are connected to apply scan line signals to the 
stroke/dot‘ generator of FIG. 3 and are further connected to a 
scan line grouping network 87. The scan line grouping 87 con 
sists of a number of OR nets which combine various ones of 
the scan line signals so that they appear on a single lead. Such 
combined scan line signals are useful in the ‘generation of ver 
tical strokes or dot patterns. One of the combined scan line 
leads L5~8 is illustrated in FIG. 5 as the output of an OR net 
which receives as inputs the L5, L6, L7 and L8 scan line 
signals. The combined or grouped scan line leads are also ap 
plied to the stroke/dot generator in FIG. 3. 

In addition to the scan line conversion and grouping func 
tions, the timing control 80 also includes means to shrink the 
horizontal dimension of the dots for smaller sized characters. 
To this end, a clock source 82 responds to the NOR control 
signal to produce a first clock signal CPI of relatively low 
frequency for normal size characters and to produce another 
clock signal CP2 of a relatively higher frequency for smaller 
sized characters. In an exemplary system the frequency of the 
clock signal CPI is such that 40 large sized characters com 
prise a character row. The frequency of the clock signal CP2 
0f the same system is such that 56 of the smaller sized charac 
ters can be displayed in a single character row. For such a cho 
ice the frequency of the CP2 signal is about 3/2 the frequency 
of the CPI clock signal. A NAND gate 83 is enabled by the 
conventional television signal BLANK signal to pass the 
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selected one of the clock signals CPI or CP2 to a dot counter 
84 which provides the dot signals S1 through $24 to the 
stroke/dot generator in FIG. 3. The dot counter 84 may in 
clude any suitable digital counting circuits, as for example, a ‘ 
ring counter. . 

The clock source 82, for example, may include a JK ?ip 
?op (not shown) which receives the NOR control signaland 
its complement at its J and K inputs, respectively. The clock 
terminal of the ?ip-?op may be connected then to receive a 
suitable one of the dot signals near the end of a character 
space (character column margin), for instance the dot signal 
$20, in order to assure that a change in character size doesn’t 
occur in the character space portion of a scan line. The out 
puts of the JK ?ip-?op are employed to condition CPI and 
CP2 oscillators (not shown), 

It is apparent that the shrinking of the dot size makes the 
character space smaller thereby permitting more characters to 
be displayed in a row for the case where either all small sized 
characters are to be displayed or where both normal and small 
sized characters are to be displayed. In the aforementioned ex 
emplary system 40 normal sized characters can be displayed in 
a row and up to 56 normal and/or small sized characters can 
be displayed in a row. _ 

For the case where any one of the character rows is to con 
tain only small sized characters, the vertical height of the 
character space can be made smaller so as to permit the dis 
play of more rows of characters. According to one feature of 
the invention means is provided to sense the presence of a nor 
mal sized character in a character row and to provide in 
response thereto a scan line count or sequence of 24 and in 
the absence thereof to provide a scan line count or sequence 
of 18. 

To this end, in FIG. 5 a JK ?ip-?op 88 is arranged to sense 
during each scan line the presence ( high) or absence (low) of 
the NOR signal and to store a sensed presence of the NOR 
signal until the end of the scan line at whichtime the reset ter 
minal of ?ip-?op 88 is driven by the trailing edge of television 
blank signal. The ?ip-?op 88 is clocked by a dot signal occur 
ring in the character space margin, such as the illustrated S20 
dot signal. Thus, whenever ?ip-?op 88 senses a high condition 
of the NOR signal during a scan line, its Q output will be 
driven high at the S20 dot time of the associated character 
space. If succeeding characters in the row are small sized such 
that the NOR signal goes low, ?ip-?op 88 will not respond 
thereto since both its J and K inputs will be low, the K input 
being tied to a logical low levellillustrated in FIG. 5 as circuit 
ground. ‘ 

The Q output of ?ip-?op 88 and its complement O are em 
ployed to control the count sequence of the even and odd 
counters in the sync and scan counter control 86. For the ex 
emplary 24 and 18 scan line system, both of the scan counters 
have 12 stages, all of which are employed for a 24 scan 
sequence when one or more normal sized characters are 
sensed and nine of which are employed (in each counter( 
when only small sized characters are to be displayed in a row. 
The count sequence of the scan counters is controlled by 
means of even and odd scan controls 89A and 89B, respec 
tively. For the sake of simplicity the even and odd scan con 
trols for the exemplary system are shown for displaying either 
character rows having one or more normal sized characters or 
character rows having all CON2 type small characters. The 
mixed mode of CONI and CON2 type small characters is not 
allowed in the programming of the character codes, though it 
could be with suitable changes in the scan controls and addi 
tional sensing means for sensing the presence of both CONI 
and CON2 type characters in a row. 
To a?‘ect a count sequence of 9 or 12 the even and odd scan 

counter controls 89A and 89B, respectively, receive the ninth 
and twelfth stage outputs from their associated scan counters 
and the Q and O outputs of ?ip-?op 88. Thus, according to 
TABLE I even scan control 89A receives the LR and LX scan 
outputs of the even scan counter and the odd scan control 89B 
receives the L0 and LW scan signals of the odd scan counter. 
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Each of the scan controls 89 and 89B contain substantially 
similar logic such that only the logic for even scan control 89A 
is shown. The even scan control 89A contains AND gates 
89A1 and 89A2 each receiving the ninth stage of LR of the as 
sociated even scan counter. AND gate 89A2 also responds to 
the 0 output of ?ip-?op 88 to con?gure the even scan counter 
into a 12 count sequence whenever one or more NOR type 
characters are sensed during a particular scan. That is, the 
output of AND gate 89A2 is fed to the input of the tenth stage 
of the even scan counter. On the other hand, AND gate 89A1 
responds to the 6 output of flip-?op 88 to con?gure the even 
scan counter in a 9 count sequence when no NOR type 
characters are sensed during a scan. That is, the output of 
AND gate 89A1 is fed by way of an OR gate 89A4 to the input 
of the ?rst stage of the even scan counter. A third AND gate 
89A3 responds to both the Q output of ?ip-?op 88 and the 
twelfth stage output of LX of the even scan counter to 
complete the con?guration of the even scan counter into a 12 
count sequence. That is, the output of AND gate 89A3 is fed 
by way of OR gate 89A4 to the input of the ?rst stage of the 
even scan counter. 

The odd scan control 898 contains substantially similar 
logic to affect a similar operation of the odd scan counter with 
respect to the odd counter ninth stage output L0 and twelfth 
stage output LW in response to the O and O outputs of ?ip 
flop 88. In summary, the timing control 80 includes means for 
controlling the count sequence of the raster scan counters and 
the frequency of the clot counter in response to a size code and 
means also responsive to the size code to couple the scan 
counter outputs in a programmable fashion to the scan line 
lead L1-L24. 
The stroke/dot generator 50 responds to the stroke identi? 

er signals provided by the stroke encoder 40 to provide verti 
cal, horizontal, and slant patterns of dots in accordance with 
the scan line and dot signals provided by the timing control 80. 
The slant, vertical and horizontal stroke forming networks are 
shown in FIGS. 6A, 6B and 6C, respectively. 

Referring first to the slant forming networks in FIG. 6A, 
there is shown an individual logic gating net for each of the 
slant strokes A1 through A15 (FIGS. 2C and 2D) and B1 
through B4 (FIGS. 2E and 2F). For the sake of convenience, 
only the A1 stroke forming net is illustrated in any detail. It 
will be appreciated that the remaining slant stroke gating nets 
contain similar gating structures. The A1 stroke forming net 
includes three levels of NAND gating in which the third level 
is a single NAND gate which is enabled by the CA1 stroke 
identi?er signal. The ?rst level of NAND gating serves to 
match the dot signals with the associated scan line for the Al 
slant stroke pattern. Thus, with reference to both FIG. 2D and 
FIG. 6A the A1 stroke is formed on three successive scan lines 
L16, L17 and L18 on dot times S1, S2 and S3. In the ?rst 
NAND gate level NAND gates 51-1, 51-2 and 51-3 are ena 
bled by high going scan line signals L16, L17 and L18, respec 
tively, to provide low going output signals in response to high 
going dot signals S1, S2 and S3, respectively. The single 
NAND gate 52 in the second level of gating essentially per 
forms an ORING function on the low going output signals of 
the ?rst level NAND gates to provide a high going signal to the 
third level NAND gate 53. Thus, NAND gate 53 produces at 
its output a dot pattern of three low going signals during S1, S2 
and S3 dot time on scan lines L16, L17 and L18, respectively. 
The low going dot sigE patteln A1, as w_e_ll as the dot signal 
patterns A2 through A15 and B1 through B4 are all applied to 
the OR NET 70 (FIG. 3). 
With reference now to both FIGS. 2A and 6B the vertical 

stroke forming network is shown in FIG. 68 to include three 
levels of NAND gating. The third level of NAND gating in 
cludes two NAND gates 54 and 55. The NAND gate 54 is ena 
bled by the scan line grouping signal L5-19 to form the verti 
cal strokes V1, V4, V8, V12 and V15. On the other hand, the 
third level NAND gate 55 is enabled by another scan line 
grouping signal L4-20 to form the V5 and V1 1 stroke dot pat 
tern. The second level includes NAND gates 56 and 57, each 
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10 
of which essentially performs an ORING function on the low 
going output signals of the associated ?rst level stroke gating 
nets. Thus, the outputs of the ?rst level V1, V4, V8, V12 and 
V15 gating nets are applied as inputs to second level NAND 
gate 56; and the outputs of the ?rst level V5 and V11 nets are 
applied as inputs to the second level NAND gate 57. 
The ?rst level of vertical gating combines the vertical stroke 

identi?er signal with their associated dot signals and as 
sociated vertical inhibit signals and line grouping signals, if 
any. For instance, the V12 vertical dot pattern is always em 
ployed in its entirety in one exemplary character font. Since 
the ?rst level vertical gating nets employ similar gating struc 
tures, only the V15 net is illustrated in detail as an example. 
The V15 net includes two levels of NAND gating, the 

second level of which is a single NAND gate 58 enabled by the 
stroke identi?er signal CV15 at $15 dot time. The ?rst level 
NAND gates 59-1, 59-2 and 59-3 serve to inhibit the second 
level NAND gate 58 during the scan lines L5-8, L5-11 and 
L16-19, respectively. Thus, for example, in the formation of 
the normal sized numeric character “9" (FIG. 1A) NAND 
gate 59-1 is active during scan lines 5 through 8 to inhibit for 
mation of the V15 stroke. From scan line L9 through L15 
none of the NAND gates 59-1, 59-2 and 59-3 is active such 
that NAND gate 58 provides at its output a sequence of nega 
tive going signals at S15 dot time, one such signal during each 
of the scan lines L9-L15. During scan lines L16 through L19, 
?rst level NAND gate 59-3 is active to inhibit NAND gate 58 
from forming the remainder of the V15 stroke pattern. The 
NAND gate 59-2 is active only in the formation of the 
character “6" to provide the inhibiting function during scan 
lines 5 through 11. The ou_tput_V_l__5_2f NAND gate 58 is then 
ORED together with the V1, V4, V8 and V12 ?rst level out~ 
puts by second level NAND gate 56. The output of NAND 
gate 56 is then passed by third level NAND gate 54 to OR 
NET 70 (FIG. 3). 
Although the longer vertical strokes V5 and V11 are 

formed by a separate gating chain, all of the strokes could be 
formed by a single third level gate so long as such third level 
NAND gate is enabled for scan lines L4-20 and appropriate 
inhibiting signals are added or modi?ed in the ?rst level gating 
structures. 

With reference now to both FIGS. 23 and 6C, the horizon 
tal stroke forming network is shown in FIG. 6C to include a 
number of gating nets, one for each of the horizontal strokes 
H5, H9, H12, H15 and H19. Since all of the horizontal form 
ing nets employs similar gating structures, only the H5 net is il 
lustrated in detail as an example. 
The horizontal stroke H5 net includes a ?ip-?op 60 which is 

set by either of the NAND gates 61-1 or 61-2 and is reset by 
the NAND gate 61-3. Although the ?ip-?op 60 may be any 
suitable ?ip-?op which performs the set and reset function, it 
is illustrated as a pair of NAND gates 60-1 and 60-2 which are 
cross-coupled to one another. The NAND gate 60-1 receives 
set signals from the outputs of NAND gates 61-1 and 61-2. 
The NAND gate 60-2 receives an enable input from the scan 
line L5 signal and reset inputs from the output of NAND gate 
61-3 and from the complement of the S17 dot signal. 
The H5 net is capable of forming a horizontal stroke on scan 

line 5 of different lengths, including those between either dot 
times S1 and S15 or between dot times S4 and S15. Thus, 
NAND gates 61-1 and 61-2 respond to a selected one of the 
stroke identi?er signals SH5S1 and SH5S4 at S1 and S4 dot 
times, respectively, to selectively provide a low going set 
signal to the ?ip-flop NAND gate 60-1. Prior to S1 or S4 dot 
time, as the case may be, it is assumed that the outputs of 
NAND gates 60-1 and 60-2 are low and high, respectively. 
Thus, a set signal at 81 or S4 time causes the output of NAND 
gate 60-1 to go high and the output of NAND gate 60-2 to go 
low, all other inputs to NAND gate 60-2 being high at this 
time. At S14 time, NAND gate 61-3 responds to the stroke 
identi?er signal RH5S14 to provide a low going reset signal to 
NAND gate 60-2. NAND gate 60-2 responds to the reset 
signal at S14 time to force its output high and to force NAND 
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gate 60-1 to change its state. The S17 dot signal is normally 
high and dips low at S17 time in order to assure that the ?ip 
?op 60 is reset at the end of each character space. The scan 
line signal L5 is high only during scan line L5 and is low for all 
other scan lines such that iE-?op 60 is enabled only during 
sin BELLS. The output H5 together with the outputs 1%, 
H12, H15 and l-T9of the other horizontal stroke forming nets 
are applied to the OR NET 70 (FIG. 3). 

in summary, there has been described a raster scan genera 
tor embodying the invention which is capable of displaying 
different sized characters with relatively high resolution on a 
conventional television picture tube. As pointed out previ 
ously, the illustrated raster scan generator and character font 
are by way of example only; and other character fonts and dif 
ferent gating structures capable of‘forming vertical, slant and 
horizontal dot patterns may be employed. 
What is claimed is: - 

1. In display apparatus for generating symbol patterns for 
display on a display device which exhibits a television raster 
scan line pattern wherein rows and columns of symbol spaces 
are de?ned by sequences of scan line signals and sequences of 
dot signals, respectively, the improvement comprising: 
means for generating said scan line signal sequences and 

said dot signal sequences; 
means for providing symbol codes representative of a sym 

bol set, the symbols of which are formed from a common 
set of dot patterns including horizontal, vertical and slant 
lines, the horizontal and vertical directions corresponding 
to the row and column directions, respectively; 

means responsive to said symbol codes to provide horizon 
tal, vertical and slant line identi?er signals in combina 
tions determined by each code; 

means including horizontal, vertical and slant line forming 
circuits responsive to said horizontal, vertical and slant 
identifier signals, respectively, and to said raster scan line 
and dot signals to provide horizontal, vertical and slant 
dot pattern signals in accordance with said coded com 
binations of identi?er signals; and 

means for combining said horizontal, vertical and slant dot 
pattern signals into a single dot pattern signal representa 
tive of said symbol codes. 

2. The invention according to claim 1 
wherein said identi?er signal means responds to different 

character codes to provide line length identi?er signals 
indicative 'of different lengths of at least one line in said 
common set; and 

wherein at least one of said horizontal,'vertical and slant 
line forming circuits includes a variable length line form 
ing network responsive to said line length identi?er 
signals to provide corresponding-dot pattern signals in 
dicative of said one line with different lengths in ac 
cordance with said di?‘erent symbol codes. 

3. The invention according to claim 2 
wherein said one variable line length network is a horizontal 

line forming network; and v 
wherein ?rst and second ones of said length identi?er 

signals initiate the horizontal dot patterns signal of said 
network at different dot signal times along a like scan for 
any symbol space. 

4. The invention according to claim 3 
wherein a third one of said length identi?er signals ter 

minates the horizontal dot pattern signal of said network 
at another later occurring dot signal time. 

5. The invention according to claim 2 
wherein said one variable line length network is a vertical 

line forming network which is normally enabled at a 
selected dot time for each of n consecutive scan lines in a 
symbol space; and 

wherein a ?rst one of said length identi?er signals inhibits 
said network during predetermined ones of said 11 scan 
lines at said selected dot time. 

6. The invention according to claim 1 
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12 
wherein each of said horizontal, vertical and slant line form 

ing circuits includes a number of line forming networks 
corresponding to the number of horizontal, vertical and 
slant lines, respectively, in said common dot pattern set; 
and 1 

wherein any one of said networks is enabled by a cor 
responding one of said identi?er signals in response to dif 
ferent symbol codes. ' 

7. The invention according to claim 6 
wherein said identi?er signal means responds to different 
symbol codes to provide line length identifier signals in 
dicative of different lengths of at least one line in said 
common set; and 

wherein at least one of said horizontal, vertical and slant 
line forming networks is a variable length line forming 
network responsive to said line length identi?er signals to 
provide corresponding dot pattern signals indicative of 
said at least one line with different lengths in accordance 
with said different symbol codes. 

8. The invention according to claim 7 
wherein said at least one variable line length network is a 

horizontal line forming network; and 'l ' 
wherein ?rst and second ones of said length identi?er 

signals initiate the horizontal dot patterns signal of said 
network at different dot signal times along a like scan line 
for any symbol space. 

9. The invention according to claim 8 
wherein a third one of said length identi?er signals ter 

minates the horizontal dot pattern signal of said network 
at another later occurring dot signal time. 

10. The invention according to claim 7 
wherein said one variable line length network is a vertical 

line forming network which is normally enabled at a 
selected dot time for each of n consecutive scan lines-in a 
symbol space; and 

wherein a ?rst one of said length identi?er signals inhibits 
said network during predetermined ones of said n scan 
lines at said selected dot time. 

1 l. The invention according to claim 6 
wherein a selected one of said slant networks is enabled on 

consecutive scan lines at consecutive dot times. I 

12. Display apparatus for displaying symbols on a display 
device which exhibits a television raster scan line pattern, said 
apparatus comprising: 
means for generating a plurality of dot signals in repetitive 
sequences during said scan lines to correspond to elemen 
tal dots on said display device to divide said device in a 
?rst direction into a plurality of symbols spaces; 

means for generating a plurality of line signals in repetitive 
sequences in synchronism with said scan lines to divide 
said device in a second direction into a plurality of rows; 

the combination of a plurality of sequences of said dot 
signals and a plurality of sequences of said line signals 
forming a plurality of symbol space areas on said display 
device; 

means for providing symbol size control signals; 
means responsive to said control signals to change the count 
sequence of said scan line counting means; and 

means responsive to said control signals to change the 
frequency of said dot signals. 

13. The invention according to claim 12 
wherein said scan line generating means includes a scan line 

counter having n stages to produce a count sequence of n, 
and 

wherein said count changing means responds to said control 
signals to cause said counter to produce a‘ count sequence 
of n—m, where n and m are integers. ' 

14. The invention according to claim 13 
wherein said dot signal generating means includes a dot 

counter; and 
wherein said frequency changing means includes means 

responsive to said control signals for changing the 
frequency of said dot counter. 

15. The invention according to claim 12 
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wherein said do! signal generating means includes a do: responsive to said contra signal for changing the frequen 
counter which produces said plurality of dot signals; and cy 0f 581d dOl Counter 

wherein said frequency changing means includes means _ n- »- a: 1- n 
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