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57 ABSTRACT 
A printer using a matrix of printing elements arranged 
in a square configuration with the printing elements 
being used to print alpha-numeric data in either a ver 
tical or horizontal orientation by electronically select 
ing a rectangular matrix from less than the full number 
of printing elements in the square matrix to permit se 
lective orientation of the printed data without me 
chanically reorienting the print head. The print ele 
ment drive circuitry also enables the printing matrix to 
print from either end of the selected rectangular print 
matrix in either the horizontal or vertical orientation 
to provide four possible orientations of the printed al 
pha-numeric data. A memory is used to store the input 
control signals for each of the rows of the rectangular 
printing matrix while a control means is provided for 
reading out the control signals in either direction from 
the memory in combination with a matrix selection 
control to provide energization of a rectangular print 
matrix in either the horizontal or vertical configura 
tion. 

10 Claims, 3 Drawing Figures 
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1. 

MATRIX PRINT ROTATION 

The present invention relates to printers. More spe 
cifically, the present invention relates to matrix-type 
printers. 
An object of the present invention is to provide an 

improved matrix-type printer. 
Another object of the present invention is to provide 

an improved matrix-type printer having a matrix print 
head capable of printing in one of four possible orienta 
tions without mechanically reorienting the print head. 

SUMMARY OF THE INVENTION 

In accomplishing these and other objects, there has 
been provided, in accordance with the present inven 
tion, a matrix printer having a print head arranged in 
a square configuration of print elements. A rectangular 
print matrix is formed from the square configuration of 
print elements by selecting less than all of the print ele 
ments of the square matrix. Thus, either a horizontal or 
vertical arrangement of the rectangular print matrix 
may be formed from the square matrix of print ele 
ments by a collection of the print elements from top to 
bottom or side to side of the square matrix, respec 
tively. A memory is provided for storing the control sig 
nal to energize selected ones of the print elements in 
the desired rectangular configuration to form the al 
pha-numeric data to be printed. A control means for 
reading out the data from the memory is provided 
whereby the stored signals may be readout from the 
memory in either direction to enable the printed char 
acter to have either a normal or inverted orientation. 
Additionally, the control signals from the memory are 
applied to the rectangular printing matrix through a 
control means for routing the control signals to appro 
priate ones of the printing elements in response to a se 
lection of a horizontal or vertical orientation of the 
rectangular print matrix. Thus, any one of four possible 
orientations of the printed alpha-numeric character 
can be selected by the combined control of the readout 
of the memory and the selective application of the con 
trol signals to the print elements in the rectangular 
printing matrix. 

BRIEF DESCRIPTION OF THE DRAWINGS 
A better understanding of the present invention may 

be had when the following detailed description is read 
in connection with the accompanying drawings in 
which: 
FIG. 1 is pictorial illustration of a print head for ama 

trix printer, 
FIG. 2 is a schematic illustration of a print matrix 

drive circuit embodying the present invention, and 
FIG. 3 is a block diagram of a control circuit for the 

matrix drive circuit shown in FIG. 2. 

DETAILED DESCRIPTION 

Referring to FIG. 1 in more detail there is shown a 
so-called 5 X 7 rectangular matrix print head 40 for use 
with the system of the present invention. The reference 
numbers 1 to 35 have been used in the drawing to des 
ignate the print elements of the print head 40, which 
print elements may use any suitable well-known print 
ing technique, e.g., thermal, spark, etc. The 5 X 7 print 
head 40 is derived from a larger 7 X 7 square matrix 
print head wherein the four corner printing elements 
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are not used. However, in FIG. 1 all of the printing ele 
ments of the larger 7 x 7 print head are identified by 
illustrative reference numerals with print head 1, 1 
being the first printing element of the first vertical col 
umn and first horizontal column of the 7 X 7 print head 
with the numbers identifying the printing elements 
being sequentially arranged from left to right and with 
the first reference number for each print element iden 
tifying the horizontal row in the 7 x 7 matrix while the 
second number identifies the vertical column. Thus, 
the last element in the 7 X 7 matrix is identified as ele 
ment 7, 7. The vertical 5 X 7 rectangular print head is 
composed of the rows of print elements in the second 
to sixth columns, i.e., from element 1, 2 to element 7, 
6. On the other hand, the horizontal rectangular 5 X 7 
print head is composed of the second to sixth horizon 
tal rows of printing elements in all of the vertical col 
umns, i.e., from element 2, 1 to element 6,7. The refer 
ence numerals of the printing elements with respect to 
the digital bits used to control the printing elements in 
the horizontal print head are shown in dotted form ad 
jacent to the printing elements to distinguish their des 
ignation from the solid line reference number for the 
digital bit arrangement used for the vertical 5 X 7 print 
head. 

in FIG. 2, there is shown a schematic illustration of 
a portion of a suitable circuit for energizing the printing 
matrix 40 shown in FIG. 1. The circuit shown in FIG. 
2 is a partial representation for purposes of illustration 
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and is directed to a print element energizing circuit for 
the second horizontal row from the printing element 2, 
1 to printing element 2, 7 with other rows being ener 
gized by substantial duplicates of the circuit shown in 
FIG.2. A 35 bit storage register 45 is used to store a 
group of 35 bit digital control signals arranged to ener 
gize the printing matrix 40 for each alpha-numeric 
character. Generally, each of the printing elements can 
be energized by one of two digital control bits stored in 
the register 45 depending on the selection of either a 
vertical print matrix or a horizontal print matrix. The 
exceptions to this general rule are the first and second 
columns which are used only in the horizontal print ma 
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trix and the first and second rows which are used only 
in the vertical print matrix. Thus, using the partial cir 
cuit of FIG. 2, the print element 2, 1 is driven only by 
a digital bit in the fifth storage stage of the storage reg 
ister 45 and the print element 2, 7 is driven by digital 
bit in the 35 storage stage of the storage register 45. 
The printing elements 2, 2 to 2, 6, on the other hand, 
are used in both the horizontal and vertical print matri 
ces and, accordingly, are each driven from either of 
two respective bit storage stages in the storage register 
45. For example, the printing element 2, 2 is driven by 
either a bit stored in the sixth or a bit stored in the tenth 
storage location in the storage register 45. In order to 
use the stored bit for the desired print head orientation 
the storage stages of the storage register 45 which are 
used in pairs are connected as one input of respective 
AND gates 52 to 61. A second input for each of the 
AND gates 52 to 61 is derived from either a horizontal 
signal control line 65 or a vertical control line 66. The 
control lines 65 and 66 are connected to respective sig 
nal sources (not shown) which are each arranged to 
supply a control signal representative of a desired ma 
trix orientation, e.g., a manually operable switch and a 
signal source capable of energizing the AND gates 51 
to 62. For example, using the print element 2, 2, a first 
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input for AND gate 52 is obtained from the sixth stor 
age stage of the storage register 45 while a second input 
for the AND gate 52 is obtained from the vertical con 
trol line 66. Concurrently, a first input for the second 
AND gate 53 associated with the same print element 2, 
2 is obtained from the tenth storage stage of the storage 
register 45 while a second input for the AND gate 53 
is obtained from the horizontal control line 65. 
The output signals from the AND gates 52 and 53 are 

applied to a first OR gate 70 with the output signal from 
the OR gate 70 being applied as an energizing signal to 
the print element 2, 2. Thus, for example, the presence 
of a control signal on the horizontal control line 65 and 
the presence of a digital bit stored in the tenth storage 
stage of the storage register 45 is effective to energize 
the print element 2, 2 while a control signal on the ver 
tical control line 66 and a digital bit stored in the sixth 
stage of the storage register 45 is effective to, also, en 
ergize the print element 2, 2. It should be noted, how 
ever, that the print element 2, 2 is matrix element num 
ber 6 in the vertical print head orientation and is matrix 
element number 10 in the horizontal print head orien 
tation. The print elements 2, 2 to 2, 6 are similarly en 
ergized from digital bit signal stored in respective pairs 
of stages in the register 45 as controlled by the horizon 
tal and vertical control lines 65 and 66. On the other 
hand, the first print element 2, 1 in the second horizon 
tal row is used only in the horizontal rectangular matrix 
orientation and is energized by an output signal from 
the first AND gate 51 in response to a bit stored only 
in the fifth stage of the register 45 and the presence of 
control signal on the horizontal control line 65. Simi 
larly, the last print element 2, 7 in the second horizon 
tal row is energized by an output signal from the last 
AND gate 62 in response to a bit stored only in the 35th 
stage of the register 45 and the presence of a control 
signal on the horizontal control line 65. This scheme of 
energizing the print elements is applicable to all of the 
print elements shown in FIG. 1 except those in the first 
and last rows, i.e., print elements 1, 1 to 1, 7 and print 
elements 7, 1 to 7, 7 and those in the first and last col 
umns, elements 1, 1 to 7, 1 and elements 1, 7 to 7, 7. 
Specifically, the corner print elements 1, 1; 1,7; 7, 1 
and 7, 7 may be either unused or selectively energized 
to provide special print notations by any suitable cir 
cuits (not shown) since these print elements do not 
form a part of either rectangular print matrix. Addi 
tionally, the remaining print elements first and last 
rows, i.e., print element 1, 2 to 1, 6 and print elements 
7, 2 to 7, 6 are used only in the vertical orientation and, 
accordingly, are energized by the concurrent presence 
of a vertical control signal and a digital bit stored in the 
stage of the register 45 corresponding to the position of 
these print elements in the vertical print matrix as iden 
tified by the reference numbers in FIG. 1. The vertical 
control signal and digital bits for controlling these print 
elements would be applied to AND gates in a manner 
similar to that described above for AND gates 51 and 
62 shown in FIG. 2. Similarly, the print elements in the 
first and last columns 2, 1 to 6, 1 and 2, 7 to 6, 7 are 
used only in a horizontal orientation and, accordingly, 
are energized by the concurrent presence of a horizon 
tal control signal and a digital bit stored in the stage of 
the register 45 corresponding to the position of these 
print elements in the horizontal print matrix. Finally, it 
should be noted that a storage position in the register 
45 may be used to energize a print element in a differ 
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4 
ent position in the horizontal print matrix from that in 
the vertical print matrix, e.g., storage position 10 is 
used for print elements 2, 2 and 2, 6. 

In FIG. 3, there is shown a block diagram of a control 
circuit for the matrix drive circuit shown in FIG. 2. The 
print element drive pattern which drives the printing 
matrix is derived from a read-only memory 70. Thus, 
a particular symbol pattern to be displayed by a 5 X 7 
printing matrix is selected from the read-only memory 
70 by a character code selection signal applied to input 
lines 72 derived from any suitable source, e.g., an en 
coding typewriter keyboard. In the arrangement shown 
in FIGS. 2 and 3 the 5 X 7 matrix symbol pattern is read 
out of the memory 70 one row at a time with successive 
memory addresses being required to read out the suc 
cessive rows of the pattern data. These successive ad 
dresses are produced by an up-down counter 74. The 
output signals from the memory are applied in five par 
allel data lines 76 for application to a storage register. 
These data lines represent the five columns of data con 
tained within one row of a 5 X 7 matrix. The output sig 
nals from the memory 70 are applied in parallel to 
seven five-bit registers 78 to 90 which are shown in 
only partial representation in FIG. 3 for the sake of 
clarity and which correspond in total to the register 45 
shown in FIG. 2. However, each of the registers are 
successively enabled for loading of the output signals 
from the read-only memory 70 by successive output 
signals applied on respective register select lines. For 
example, the first register 78 is enabled by a select sig 
nal applied on a first register select line 92 while the 
last register 90 is enabled by a register select signal ap 
plied on a select line 104. The select lines 92 to 104 are 
successively energized by a decoder circuit 106 which, 
in turn, is driven by a four-bit counter 108. The de 
coder circuit 106 may be any suitable prior art device 
for translating the count in the counter 103 into succes 
sive energizations of the select lines 102 to 104. The 
counter 108 and the counter 74 are both driven by 
clock signals from a clock source 110 supplied over a 
clock signal line 112. Similarly, the counter 74 and 108 
are "cleared' by a "clear' signal from the clock source 
110 applied on a clear signal line 114. The signals from 
the clock 110 are initiated upon receipt of a "strobe' 
pulse on a strobe input line 116 from any suitable 
means (not shown) which is used to initiate the printing 
cycle after the selection signals on lines 72 are applied 
to the memory 70. 

In operation, the control circuit shown in FIG. 3 is 
effective to start the printing of a character after the se 
lection of a character by the signals on lines 72 by a 
"strobe' pulse applied on the strobe line 116 to the 
clock 110. The "strobe' may be derived from the same 
source used to produce the selection signals on lines 72 
and may be applied concurrently therewith to the cir 
cuit shown in FIG. 3. This "strobe' pulse produces a 
"clear' pulse from the clock 110 which is applied to 
the counters 74 and 108. Subsequently, the clock 110 
is arranged to produce a burst of seven clock pulses on 
clock line 112 for application to the counters 74 and 
108 to increment the counters concurrently. The suc 
cessive count signals stored in the counter 108 in re 
sponse to the clock pulses are decoded by the decoder 
106 to successively enable the registers 78 to 90. Con 
currently, the clock signals applied to the counter 74 
are applied to the read-only memory 70 as address sig 
nals for each of the seven rows of the data pattern for 
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a 5 X 7 matrix which has been selected by the input sig 
nals on input lines 72. In order to further increase the 
printing abilities of the printer, the counter 74 is ar 
ranged to be an up-down counter which under control 
of an up-down control signal applied on a control line 
118 will either increment or decrement its count with 
the receipt of each clock pulse on clock line 112. In 
other words, when the up-down counter 74 is in an up 
count mode, the rows in the read-only memory 70 for 
the selected character pattern are read out in order 
from 1 through 7. Conversely, when the counter 70 is 
in a count-down mode, the selected character pattern 
in the read-only memory 70 is read out in order from 
row 7 through 1. Therefore, in the count-down mode 
of the counter 74 the data pattern from the read-only 
memory is read out to print a character which the re 
verse of a character printed by a count-up mode of the 
counter 74. Accordingly, the combination of the signal 
on the up-down control line 118 and the vertical and 
horizontal control as shown in FIG. 2 permit a 5 X 7 
character pattern to be displayed in any one of four 
possible orientations, i.e., the character can be normal 
or reversed in the horizontal print configuration and 
either normal or reversed in the vertical print configu 
ration. 

In order to correctly print the characters in the re 
versed mode in either the horizontal or vertical config 
uration to avoid a mirror-image printing, the circuit 
shown in FIG. 3 uses a set of AND-OR gates 120 inter 
posed in the output lines 76 from the ROM 70 to pro 
duce either a left-to-right or a top-to-bottom reversal of 
the character pattern. Specifically, the first output line 
from the ROM 70 is connected to a first AND gate 122 
and a second AND gate 124. A second output line from 
the ROM 70 is connected to a third AND gate 126 and 
a fourth AND gate 128. The third output line from the 
ROM 70 is passed directly to the output lines 76 since 
it determines the center of the character which is not 
affected by the reversed mode. The fourth output line 
from the ROM 70 is connected to a fifth AND gate 130 
and a sixth AND gate 132. The fifth output line from 
the ROM 70 is connected to a seventh AND gate 134 
and an eight AND gate 136. The outputs of the first and 
eight AND gates 122 and 134 are connected to a first 
OR gate 138 having an output line connected to a first 
one of the output lines 76. The outputs from the third 
AND gate 126 and the fifth AND gate 130 are con 
nected to a second OR gate 140 having its output line 
connected to a second one of the output lines 76. The 
outputs from the sixth AND gate 132 and the fourth 
AND gate 128 are connected to a third OR gate 142 
having its output connected to a fourth one of the out 
put lines 76. Finally, the output of the eighth AND gate 
136 and the second AND gate 124 are connected to a 
fourth OR gate 144 having its output connected to fifth 
one of the output lines 76. A pair of control signal lines 
146 and 148 are used to control the normal and re 
versed mode of operation, respectively. These control 
lines 146 and 148 are used to apply energizing signals 
to predetermined ones of the AND gates in the set of 
AND-OR gates 120 to route the output signals from the 
ROM 70 to desired ones of the output lines 76. 

Specifically, the “normal" control line 146 is con 
nected to the AND gates 122, 126, 132 and 136 while 
the “reverse' control line 148 is connected to the AND 
gates 124, 128, 130 and 134. Consequently, the first 
and second output lines of the ROM 70 can be selec 
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6 
tively connected to either the fourth and fifth ones of 
the output lines 76 or the first and second ones of the 
output lines 76. The aforesaid interchange of the first 
and second output lines of the ROM 70 with the fourth 
and fifth output lines of the ROM 70 are effected con 
currently by a signal on either one of the control lines 
146 and 148. This interchange has the net effect of ro 
tating the character pattern around the pattern center 
represented by the third output line from the ROM 70 
which is connected directly to the third output line of 
the output lines 76. The control signals on the control 
lines 146 and 148 are related to the up-down control 
signal on the up-down control line 118 since in the 
count-up mode of operation of the counter 74, the 
"normal' control signal on line 146 would be applied 
to control the routing of the output signals from the 
ROM 70 while the "reverse" control signal on line 148 
would be applied during the count-down mode of oper 
ation of the counter 74. 
Accordingly, it may be seen that there has been pro 

vided, in accordance with the present invention, an im 
proved matrix printer for printing alpha-numeric data 
oriented along a vertical axis as well as a horizontal axis 
without involving mechanical reorientation of a print 
head. 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are defined as foll 
lows: 

1. A printer comprising: 
a print head having a fixed spatial arrangement of a 

plurality of printing elements, 
selection means for selecting a plurality of groups of 
said printing elements out of said fixed spatial ar 
rangement to form each of a corresponding plural 
ity of printing matrices with each of said plurality 
of printing matrices being rotatably displaced from 
any other one of said plurality of printing matrices, 

energizing means for generating energizing signals 
for said printing elements to actuate said printing 
elements to form corresponding printed represen 
tations by said printing elements, and 

energizing signal means for selectively applying said 
energizing signals to said printing elements in a 
printing matrix selected by said selection means 
from said plurality of printing matrices. 

2. A printer as set forth in claim wherein said fixed 
spatial arrangement is a square with the same number 
of printing elements on each side of the square and 
each printing matrix selected by said selection means 
from said plurality of printing matrices is a rectangle 
with a different number of printing elements on adja 
cent sides of the rectangle and 

including control means selectively operable to con 
trol said selection means for switching between a 
first rectangular printing matrix and a second rect 
angular printing matrix rotatably displaced from 
said first rectangular printing matrix. 

3. A printer as set forth in claim 1 wherein each se 
lected print matrix has less than all of the available 
print elements. 

4. A printer as set forth in claim 1 wherein said fixed 
spatial arrangement is a square with the same number 
of printing elements on each side of the square and said 
printing matrix is a rectangle with a different number 
of printing elements on adjacent sides of the rectangle 
and including a control means selectively operable to 
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control said selection means for switching between a 
first rectangular printing matrix and a second rectangu 
lar printing matrix angularly displaced from said first 
rectangular printing matrix. 

5. A print as set forth in claim 4 wherein said first and 
second rectangular printing matrices of printing ele 
ments have the same number of print elements. 

6. A printer as set forth in claim 4 wherein said first 
and second rectangular printing matrices are displaced 
90° from each other. 

7. A printer as set forth in claim 1 wherein said ener 
gizing means includes a memory means for storing con 
trol signals for said print elements and readout means 
arranged to read out said control signals from said 
memory means for application to the printing elements 
selected by said selection means as energizing signals. 

8. A printer as set forth in claim 7 wherein said read 
out means includes an up-down counter arranged to 
read out said control signals from said memory means, 
signal generating means, means for applying output sig 
nals from said signal generating means to said up-down 
counter to be counted thereby and means for control 
ling the counting direction of said up-down counter 
during the counting of the output signals from said sig 
nal generating means and means for applying count sig 
nals stored in said up-down counter means to said 
memory means to readout said, control signals from 
said memory means in response to said count signals 
whereby said control signals from said memory means 
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8 
are read out in either a first sequence during an up 
counting operation of said counter or a second se 
quence during a down counting operation of said 
Counter. - 

9. A printer as set forth in claim 4 wherein said ener 
gizing means includes a memory means for storing con 
trol signals for said print elements and readout means 
arranged to read out said control signals from said 
memory means as energizing signals for application to 
the printing elements selected by said selection means. 

10. A printer as set forth in claim 9 wherein said 
readout means includes an up-down counter arranged 
to read out said control signals from said memory 
means, signal generating means, means for applying 
output signals from said signal generating means to said 
up-down counter to be counted thereby and means for 
controlling the counting direction of said up-down 
counter during the counting of the output signals from 
said signal generating means and means for applying 
count signals stored in said up-down counter means to 
said memory means to readout said control signals 
from said memory means in response to said count sig 
nals whereby said control signals from said memory 
means are read out in either a first sequence during an 
up counting operation of said counter or a second se 
quence during a down counting operation of said 
COunter. 
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