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High Speed Thermal Printer.        We, TEXAS INSTRUMENTS INCORPORATED,  and
storing serial data and of converting      a Corporation organised
according to the  the stored serial data to parallel data at a      laws of
the State of Delaware, United States  plurality  of parallel outputs from
the      of America, of 13500 North Central Ex-  memory arrangements, the
parallel outputs 45   5 pressway, Dallas, Texas, United States of  being
coupled to activate associated heating America, do hereby declare the
invention, elements in accordance with the pattern of      for which we
pray that a patent may be  data at the respective outputs to produce
granted to us, and the method by which it  corresponding patterns of heated
elements  is to be performed, to be particularly des-  during a selected
portion of each revolution  50  10 cribed in and by the following
statement:-   of the drum, and means operable to transfer  This invention
relates generally to thermal  the said serial data to the memory arrange-
printing, and more particularly relates to  ment during a preceding portion
of each      a high speed thermal print head suitable for  revolution of
the drum  as the said asso- use as a readout system  for digital data
ciated heating elements are being rotated  55 15 storage and processing
systems, and the like.  towards the said selected portion of that There are
a great many applications for  revolution. In operation of the device, a
high speed printing devices. For example,  strip  or sheet of thermally
responsive      the speed of many computers and data  material moves with
the rotatable drum and      handling systems is limited by the rate at  is
disposed adjacent the heating elements 60  20 which data can be read out in
printed form.  during the said selected portion of a revo-      Similarly,
the rate at which written and  lution of the drum  so that the pattern
pictorial information can be transmitted be-  generated by the heated
elements is trans-      tween two remote points is limited by the  ferred
to the thermally responsive material.      rate at which the data can be
reproduced in    The transfer means can comprise: means 65  25 printed or
pictorial form. In most data  operable to transfer a data signal from a
readout systems, the recording sheet  is in-  circuit external of the drum
to a circuit      dexed past a printing station where the  rotating with
the drum, a gating circuit      characters are formed on the paper either
carried by the drum for selectively routing      by mechanical impact or by
a thermal or  the data signal to the memory arrangement 70  30 photographic
printing process. The speed  when the gating circuit is enabled, and a
of operation of these systems is dependent synchronizing circuit carried by
the drum      to a large extent upon the rate at which the  which is
operably responsive to the angular      recording sheet can be indexed past
the  position of the drum to enable the gating      printing station, as
well as the speed at  circuit when the matrix is traversing the 75  35
which the printing station can be operated.  said preceding portion of each
revolution of      The present invention provides a thermal  the drum.
Suitably, the memory arrange      printing device having a rotatable drum
on  ment may comprise shift registers capable the surface of which is a
matrix of con-  of receiving serial data and converting such      trollable
heating  elements,  a  memory  data into parallel data appearing at
parallel 80 40 arrangement carried by, preferably within, outputs from the
shift registers. the drum and which is capable of receiving    In a
particular embodiment, the matrix of          [Price 5s. Od.]  
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2      controllable heating elements is divided into  2, a length of heat
sensitive paper 18 passes     a plurality of sub-matrices spaced circum-
around the cylinder 12  as the cylinder 12     ferentially  around  the
drum   and  the  rotates, and is in contact with the cylinder     memory
arrangement comprises a plurality  over approximately 180[err] of its
circumfer-  5  of portions, one for each sub-matrix. The  ence. The paper
18 may be either a con- 70     parallel outputs of each memory portion are
tinuous strip, or a series of sheets, and a     coupled to activate the
heating elements of  suitable conventional means is provided to     the
associated sub-matrix in accordance with  handle the paper.     the  data
at the respective outputs of that    The particular embodiment of the print
10  memory portion and the transfer means is  head presently to be
described is adapted  75     operable to transfer serial data to the re-
to print lines of alphanumeric characters.     spective portions of the
memory arrange-  This is accomplished by fifty thermal print     ment in a
predetermined sequence. Each  heads [err] which extend longitudinally
portion of the memory arrangement can be  of the drum  12 and  are equally
spaced 15  divided into a plurality of sections, the  around the periphery
of the drum. Each of 80     transfer means then  being arranged   to  the
fifty print heads [err] is comprised     supply serial data to each section
of a por-  of  one  hundred  twenty  alphanumeric     tion of the memory
arrangement over a dif-  character matrices [err] (see Figure 3),
ferent data channel.                and each of the character matrices is
com-  20   A device in accordance with the inven-  prised of twenty-five
individually controlled  85     tion can be constructed to process serial
data  hot spots 20. Thus, as illustrated in the     and to print out such
data in a variety of  schematic  logic  diagram   of  Figure  3,     forms
e.g. alphanumeric or pictorial, one  character matrices [err] of print head
particular application being to provide an  [err] are designated  as [err]
the  25  alphanumeric readout for a digital compu-  character matrices of
print head P[err] are  90     ter. A  device constructed in accordance
designated as [err] and finally the     with the invention may also be used
to pro-  character matrices of the print head [err] are     vide a readout
device for large, high speed  designated at [err]. Thus, it will
memories e.g. it may be used as a high  be noted that each of the print
heads [err]  30  speed facsimile printer or as a real time  P[err] has
three thousand individually con-  95     pictorial recorder for a
television signal.    trollable hot spots 20.       By way of example,
embodiments of the    Each of the thermal print heads [err]     invention
will be described in greater de-  may be fabricated, for example, using the
tail with reference to the accompanying  methods described in British
Patent Specifi-  35  drawings in which:                 cation No.
1,151,848. More particularly, 100       Figure 1 is a schematic side view
of a  each of the hot spots 20 may be comprised     thermal printing device
constructed in ac-  of a body 54 of semiconductor material (see
cordance with the present invention;       Figure 5) covered by a layer of
silicon car-       Figure 2 is a simplified sectional view  bide 57. The
silicon carbide surface layer  40  taken generally on lines 2-2 of Figure 1
;  57 is in direct contact with the paper 18 and 105       Figure 3 is a
schematic logic and circuit  provides a highly wear resistant surface.
diagram  of the thermal printing device of  Each of the hot spots 20 is
heated by a     Figure 1;                           heater circuit,
indicated generally by the       Figure 4 is a simplified perspective  view
reference numeral 56 in Figure 6, the com-  45  of a typical thermal print
head used in the  ponents of which are formed by diffusion 110     device
of Figure 1;                 or other conventional techniques within the
Figure 5 is a simplified sectional view of  semiconductor bodies 54. The
heater cir-     the thermal print head of Figure 4;        cuit 56 is
comprised of transistors 58 and 60       Figure 6 is a schematic circuit
diagram   and collector resistors 62 and 64, connected  50  of a heater
circuit of the thermal print head  in the conventional manner illustrated.
The 115     of Figure 4; and                    base 66 of transistor 58 is
the control in-       Figure 7 is a schematic logic and circuit  put of the
heater circuit. When a logic "0"     diagram  of an alternative embodiment
of  level, i.e., 0.0 volt, is applied to terminal 66,     a thermal
printing device constructed in ac-  the heater circuit is turned off. When
a  55  cordance with the present invention.       positive voltage
representative of a logic 120       Referring now to the drawings, a
thermal  "1" level is applied to the control terminal       printing device
constructed in accordance  66, transistors 58 and 60 conduct, and the
with this invention is indicated generally by  current through the
transistors and through       the reference numeral 10 in the schematic
the collector resistors heats the entire semi-  60  illustration of Figure
1. The printing de-  conductor body 54 and the overlying sili- 125
vice 10 is comprised of a cylindrical drum   con carbide layer 57. The
leads intercon- 



12 mounted on a rotating shaft 14. The  necting the transistors and
resistors of the      shaft and drum are driven by some suitable, heater
circuit 56 and the input leads and      means represented by the motor 16
at a pre-  voltage supplies for the various heater cir-  65  selected
speed. As can be seen in Figure  cuits of the matrix may be formed as first
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3  and second layer interconnections 68 and 72  is then inverted and
mounted on the cera-       formed on oxide layers 70 and 74. Third  mic
substrate 76 using the bonding layer or fourth level interconnections may,
of  78, after which the amorphous layer of sili-         course, be used if
necessary. The structure  con is removed from  the silicon carbide 5 thus
far described is mounted on a ceramic  layer by a suitable etchant, such as
a mix- 70 substrate 76 by a suitable bonding material   ure of hydrofluoric
acid, nitric acid and 78, such as epoxy. The leads to the vari-  acetic
acid. During this step of the process,                ous heater elements
56 may then extend  the silicon carbide layer 57 acts as an etch   down the
edge of the ceramic substrate 76,  barrier to protect the underlying
silicon         10  as represented schematically by the struc-  bodies 54,
and permit the amorphous sili- 75      ture designated with the reference
character  con to be etched from the grooves between   80 in Figure 4. Each
adjacent pair of  the various hot spots.                character matrices,
for example matrices    Referring once again to Figure 3, fifty [err] and
[err] may be separated by a  shift registers [err]  are provided 15  raised
bar 82 formed by semiconductor body  for the fifty print heads [err]
respec- 80    84 and covered by the silicon carbide layer  tively. In order
to have maximum flexibility,    57.                                   each
shift register has a three thousand bit    The print head illustrated in
Figures 4,  storage capacity, and each bit is connected 5 and 6 may be
fabricated by first etching  to control one of the hot spots 20. The shift
20  out grooves in the surface of a semicon-  registers are
serial-to-parallel data  con- 85 ductor body to form  mesas corresponding
verters in that three thousand bits of binary     to the semiconductor
bodies 54 and 84. This  data may be serially fed into each register,   may
be accomplished using conventional  then the three thousand bits of data
are   photolithographic etching techniques. Then  stored  and converted to
three thousand 25  the silicon carbide layer 57 is deposited over  parallel
outputs to control the corresponding  90 the surface of the mesas and the
grooves.  hot spots. When only alphanumeric in- This may be accomplished
using, for ex-  formation is to be printed by the device ample, a mixture
of toluene [err] and sili-  10, only thirty or forty characters will need
con tetrachloride [err] vapors with hydro-  to be printed by each character
matrix, and 30  gen gas as the carrier. These gases, in a  in these
circumstances the number of bits  95               typical ratio of about
0.87 mole per cent  in the shift registers DSR for each charac- silicon
carbide, 0.18 mole per cent tolulene,  ter can be reduced from twenty-five
(i.e. one and the remaining mole percentage hydro-  for each hot spot of a
character matrix) to Specifi-       gen, are passed over the substrate
which is  about six, as required to provide a different 35  located in a
suitable heated furnace and  code combination for each different charac-
100 maintained at a temperature of about 1080[err]  ter, if an appropriate
decoding circuit is in- C. Next, a layer of polycrystalline  or  cluded to
convert each six bit binary code amorphous silicon is deposited over the
sur-  combination into a corresponding twenty- face of the silicon carbide
layer by the hy-  live bit code combination to control the hot 40  drogen
reduction of silicon tetrachloride, for  spots of the character matrix in
such a man- 105 example. This layer is not illustrated in  ner as to
produce the limited number of the drawings because it is used merely to
characters. lend structural rigidity during processing    The data shift
registers [err] are and is subsequently removed. The surface of  preferably
located adjacent to the print 110 45  the semiconductor starting material
oppo-  heads [err] substantially as illustrated in 110   site from the
bodies 54 is then removed by  Figure  2. The  shift  registers  [err]
lapping and polishing down to the silicon  [err] may be fabricated as
integrated cir- carbide layer 57 previously formed in the  cuits occupying
about the same volume of       grooves. This leaves single crystal semi-
space as the print heads [err]. However, 50  conductor bodies 54 as islands
at the sur-  it will be appreciated that as much space as 115 face of the
amorphous silicon body, the sili-  is required within the interior of the
drum                con islands being isolated from the amorph-  may be
used for the shift registers, ring    ous silicon body by the silicon
carbide layer  counter and steering gates presently to be 57. The silicon
carbide layer 57 serves to  described.   logic 120  55  limit the depth of
the lapping and polishing    Fifty data gates [err] and fifty 120   process
and assures that the thickness of the  clock gates [err] are sequentially
en- 



semiconductor bodies 54 will be uniform,  abled by the outputs from   the
fifty bits                thus insuring uniform  heating and cooling  [err]
of a ring counter RC. The ring rates for all of the hot spots.
counter RC is clocked by a low speed clock 60   The transistors and
resistors can then be  pulse train applied through slip ring 22 on 125
fabricated in the exposed surface of the  the shaft 14, the slip ring input
being desig- semiconductor bodies  54 using any standard  nated by the same
reference character in fabrication technique, and the various lead  both
Figures 1 and 3. The frequency of the    patterns formed in one or more
layers on  low speed clock pulse train is equal to the 65  the surface of
the substrate. This structure  number of data shift registers DSR times 130
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4 5     the speed of rotation of the drum 12. Thus, ring 24, the operation
of the ring counter  if the drum  is rotated at fifty revolutions  RC is
synchronized with the rotation of the    per second, the low speed clock
would have  drum. Thus, the magnet and pickup head    a frequency of 2500
pulses per second. The  may be located to produce a pulse when  5 output
from  the last bit [err] of the ring  print head [err] is in the position
illustrated  70    counter may be fed out through slip ring 24  in Figure
2, for example, indicating that bit    for synchronization purposes. The
outputs  [err] of the ring counter should have a logic    from  bits [err]
of the ring counter RC  "1" output to enable the gates [err] and
sequentially enable input data gates [err]  [err] as will now be described.
10 [err] respectively, and high speed clock    The printing device 10 is
made compat- 75    gates [err] respectively.          ible with a source of
data 44 by an inter-      A high speed clock signal is applied to  face 42.
The data source may be any de-    the rotating drum and then to an input of
sired high speed memory, computer, or    each of the clock gates [err]
through  other data processing system. The interface 15 slip ring 26. The
frequency of the high  42 takes the data from the source 44 and  80
speed clock is at least equal to the product puts it in digital form
suitable for operating    of the total number of storage bits in the  the
printing device 10, and synchronizes the    fifty data shift registers
[err] and  supply of data with the operation of the      print heads    the
speed of rotation of the drum 12, plus  printing device. The interface may
vary 20 a slight margin to facilitate operation of the  widely in design
and construction, depend- 85    steering logic as will hereafter be
described. ing upon the nature of the data provided by    Input data is
applied to the inputs of data  the source, but performs the primary func-
gates [err] through slip ring 28. The  tion of supplying the binary data to
be re-    input data is in serial binary form, and is corded by each of the
print heads to the 25 synchronized with the clock pulses applied
appropriate print head as the print head  90    through slip ring 26. Thus,
the data signal passes through the data input arc 50 (see    would be at
either a logic "0" or a logic  Figure 2). To this end, the interface may
"1" level during each of three thousand  control the rotation of the drum
as repre-    clock pulses, depending upon the binary  sented by line 46
extending to motor 16. 30 value of the bit. Each successive bit of Thus,
the interface provides an input data  95    data is introduced to one end
of the shift signal in the form of three thousand bits of  -    register,
then shifted through the remaining  serial data synchronized with three
thousand    bits  of the  register. After. the  three  clock pulses within
the desired interval, and    thousandth clock pulse, each of the three
insures that the operation of the ring 35 thousand bits of the shift
register has the  counter is synchronous with the rotation of 100
appropriate output, and these outputs are  the drum so that the gates [err]
to [err]     fed in parallel to control the three thousand  and [err] to
[err] are enabled at the appro-     hot spots until new data is fed into
the shift priate  time.     register.                            In the
operation of the device 10, the 40   Electrical power for all of the
circuits is drum 12 is rotated at some desired constant 105     applied
through slip rings 30 and 32, it be-  speed, such as fifty revolutions per
second.     ing. understood that the two slip rings are  The ring counter
RC would then operate at     merely exemplary and that as many slip  a rate
of twenty-five hundred counts per     rings as required can be provided to
supply  second. The count of the ring counter RC 45 voltage supplies of
different levels.    is synchronized with the position of the 110      A
pair of timing disks 34 and 36 are  drum 12 so that the output from bit
[err] en-      mounted on the shaft 14 in order to sense  ables gates [err]
and [err] during the period      the position and speed of the drum 12 as
that print head [err] passes through the in-      represented in Figure 1.
Fifty permanent put are 50 equal to no more than one- 50 magnets may be
spaced around the peri- fiftieth of one revolution. Then as print 115 



phery of the disk 34 to induce fifty pulses  heads [err]etc. successively
pass through     in the pickup head 38 during each revolu-  the are 50,
gates [err] and [err]   and     tion of the drum 12, the magnets preferably
[err] etc. are successively enabled by the     being positioned to
correspond to the posi- output from  bits [err] etc. of the ring 55 tion of
the print heads [err] respectively. counter RC.                        120
The pulse train produced by disk 34 and    Coincident with the enabling of
gates     pickup head 38 may be used to either syn- [err] and [err] three
thousand bits of serial     chronize or derive the low  speed clock  binary
data are introduced through slip     pulses used to operate the ring
counter RC. rings 26 and 28 in the form of a data sig-  60 A single magnet
may be provided on disk  nal level synchronized with three thousand 125
36 for inducing a  single pulse in pickup  clock pulses. The serial data is
then stored     head 40 during each revolution of the drum  in data shift
register [err] and converted     12. This pulse is used as a reference to
into parallel digital data to simultaneously     determine the position of
the drum 12, and  control the three thousand hot spots 20 of  65 from this
pulse and the pulses from slip  print head [err] and form the desired
charac- 130              5                                      1,183,627
ters within the one hundred twenty charac-  the clock pulse train to
registers [err] [err]. As the drum   [err] etc. 12 continues to rotate,
registers [err]   The operation of  the printing device 100
[err] are sequentially loaded as they pass  is identical to the operation
of the device 10   5   through the arc 50. During the period of  except
that the serial binary input data to  70   time that the individual print
heads rotate  each of the five shift registers for each of   from the
loading arc 50 into contact with  the print heads is loaded simultaneously,
the paper 18, the newly energized hot spots  i.e., in parallel, from the
five separate slip              have time to heat up, and the newly de-
rings and the gates  [err] to [err] to 10 energized hot spots have time to
cool off.  [err] etc. so that the rate  at which the data  75    5
The print heads [err] then successively  is put into the individual storage
means, engage the paper 18 and remain in contact  and thus the rate at
which the shift registers with preselected positions on the paper as  must
operate, is reduced by one-fifth.  It            the drum and paper rotate
through approxi-  will readily be evident that the number of 15 mately
180[err]. The procedure is then re-  shift registers for each print head
may be  80               peated.                                 increased
or decreased to decrease or in-                 Thus, it will be noted that
by using fifty  crease, respectively, the rate at which data
print heads and a drum speed of fifty revo-  is serially put into  the
individual shift     lutions per second, twenty-five hundred lines
registers. Thus, in the printing device 100,   85  20 per second are
printed with each line con-  the data is provided at a rate of 1.5 million
85 taining one hundred twenty characters. Of  bits per second as opposed to
7.5 million               course, this can be increased or decreased  bits
per second in the printing device 10.               as desired by
variations in the number of    Although the embodiments of the inven-
print heads and in the speed of rotation of  tion herein described have
been specifically  25  the drum. The particular number of print  directed
toward printing lines having one  90  (see         heads and the particular
speed of rotation  hundred twenty alphanumeric characters, it
components herein described for accomplish-  type of data may be printed in
accordance  ing this rate are presently within the state  with the broader
aspects of the invention.  30  of the art.                            For
example, the entire surface of the drum   95  The rate at which the input
data is sup-  may form a single matrix of hot spots. The
plied to the various data shift registers  matrix may be divided in a
convenient man.    [err] is rather high, being 7.5  ner into two or more
sections and one or  million bits per second in the particular em-  more
shift registers provided for each sec-    35 bodiment described. Thus, the
shift register  tion. The shift registers for the matrix sec- 100
[err] must operate  at a  rather high  tions may then be sequentially
loaded dur-               frequency. An alternative embodiment of  ing the
portion of the revolution that the               the invention in which the
frequency of the  matrix section is not contacting the paper.   input data
is reduced is indicated generally  In the event a plurality of shift
registers are     40  by the reference numeral 100 in Figure 7.  used to
control each matrix section, the shift 105  The printing device 100 is very
similar to  registers can be loaded in parallel.     the printing device 10
and corresponding    From  the above detailed description of   parts are
therefore designated by corres-  the invention, it will be noted that an
ex-   RC          ponding reference numerals. The printing  tremely high
speed printer has been des-   45 device 100 differs from the printing
device  cribed. The printing device is compatible 110 



10 principally in that five shift registers, each  with high speed data
processing systems and               having a  six hundred bit capacity,
are pro-  can be used at the data readout for such               vided for
each of the fifty print heads,  systems. The printing device can be used
rather than a single shift register having a  as a high speed facsimile
readout device. By    50  three thousand bit capacity. Thus, data  way of
example, the device herein described 115    shift registers [err] control
the in-  has sufficient speed capability to record, in    dividual hot
spots of print head [err] data  real time, the successive frames of
conven-    shift registers [err]   control the in-  tional television
transmission.    dividual hot spots of print head [err] etc. The    55
shift registers [err] are simultane-    WHAT WE CLAIM  IS:-
ously loaded with data through slip rings    1. A  thermal printing device
having a 120   102-106 and data gates [err] when  rotatable drum on the
surface of which is   the gates are enabled by an output from bit  a matrix
of controllable heating elements,     b, of the ring counter RC. Similarly,
shift  the drum  carrying a memory arrangement     60 registers [err] are
simultaneously  capable of receiving and storing serial data
loaded through gates [err] when bit  and of converting the stored serial
data to 125                [err] of the ring counter RC has a logic "1"
parallel data at a plurality of parallel out-     output. Clock gate
CG[err] gates the clock  puts from  the memory arrangements, the
pulse train to all five of the shift registers  parallel outputs being
coupled to activate    [err] and clock gate CG[err] gates  associated
heating elements in accordance                    5
1,183,627                                    5  ters within the one hundred
twenty charac- the clock pulse train to registers [err] ter matrices, [err]
As the drum   [err]   etc. 12 continues to rotate, registers DSR[err]-
The operation of the printing device 100 DSR[err] are sequentially loaded
as they pass  is identical to the operation of the device 10 5  through the
arc 50. During the period of  except that the serial binary input data to
70 time that the individual print heads rotate  each of the five shift
registers for each of from  the loading arc 50 into contact with  the print
heads is loaded simultaneously, the paper 18, the newly energized hot spots
i.e., in parallel, from the five separate slip have time to heat up, and
the newly de-  rings and the gates DG[err] to DG[err] to   10 energized hot
spots have time to cool off.  DG[err] etc. so that the rate at which the
data  75 The print heads [err]  then successively  is put into the
individual storage means, engage the paper 18 and remain in contact  and
thus the rate at which the shift registers with preselected positions on
the paper as  must operate, is reduced by one-fifth. It the drum and paper
rotate through approxi-  will readily be evident that the number of 15
mately 180[err]. The procedure is then re-  shift registers for each print
head may be  80 peated.                                increased or
decreased to decrease or in- Thus, it will be noted that by using fifty
crease, respectively, the rate at which data print heads and a drum speed
of fifty revo-  is serially put into the individual shift lutions per
second, twenty-five hundred lines  registers. Thus, in the printing device
100, 20  per second are printed with each line con-  the data is provided
at a rate of 1.5 million  85 taining one hundred twenty characters. Of
bits per second as opposed to 7.5 million course, this can be increased or
decreased  bits per second in the printing device 10.   as desired by
variations in the number of    Although the embodiments of the inven-
print heads and in the speed of rotation of  tion herein described have
been specifically   25 the drum. The particular number of print  directed
toward printing lines having one  90   heads and the particular speed of
rotation  hundred twenty alphanumeric characters, it   was selected merely
as exemplary, and the  is to be understood that substantially any
components herein described for accomplish-  type of data may be printed in
accordance  ing this rate are presently within the state  with the broader
aspects of the invention.  30  of the art.                            For
example, the entire surface of the drum  95  -       The rate at which the
input data is sup-  may form a single matrix of hot spots. The  sand
plied to the various data shift registers  matrix may be divided in a
convenient man-  DSR[err]-DSR[err] is rather high, being 7.5  ner into two
or more sections and one or  million bits per second in the particular em-
more shift registers provided for each sec-  35 bodiment described. Thus,
the shift register  tion. The shift registers for the matrix sec- 100
DSR[err] must operate  at a  rather high  tions may then be sequentially
loaded dur- 



frequency. An alternative embodiment of  ing the portion of the revolution
that the               the invention in which the frequency of the  matrix
section is not contacting the paper.    input data is reduced is indicated
generally  In the event a plurality of shift registers are    40     by the
reference numeral 100 in Figure 7.  used to control each matrix section,
the shift 105    The printing device 100 is very similar to  registers can
be loaded in parallel.    the printing device 10 and corresponding    From
the above detailed description of    per        parts are therefore
designated by corres-  the invention, it will be noted that an ex-
ponding reference numerals. The printing  tremely high speed printer has
been des-    45 device 100 differs from the printing device  cribed. The
printing device is compatible 110                10 principally in that
five shift registers, each  with high speed data processing systems and
having a six hundred bit capacity, are pro-  can be used at the data
readout for such                vided for each of the fifty print heads,
systems. The printing device can be used   rather than a single shift
register having a  as a high speed facsimile readout device. By   50  three
thousand bit capacity.   Thus, data  way of example, the device herein
described 115   shift registers DSR[err]-DSR[err] control the in-  has
sufficient speed capability to record, in   dividual hot spots of print
head P[err] data  real time, the successive frames of conven-   shift
registers [err] control the in-  tional television transmission.   dividual
hot spots of print head P[err] etc. The         55 shift registers [err]
are simultane-    WHAT WE CLAIM  IS:-                ously loaded with data
through slip rings    1. A  thermal printing device having a 120    102-106
and data gates [err] when  rotatable drum on the surface of which is    the
gates are enabled by an output from bit  a matrix of controllable heating
elements,    b[err] of the ring counter RC. Similarly, shift  the drum
carrying a memory arrangement    register [err] are simultaneously  capable
of receiving and storing serial data    loaded through gates [err] when bit
and of converting the stored serial data to 125    b[err] of the ring
counter RC has a logic "1"  parallel data at a plurality of parallel out-
output. Clock gate CG[err]   gates the  clock  puts from  the memory
arrangements, the    pulse train to all five of the shift registers
parallel outputs being coupled to activate    [err] and clock gate CG[err]
gates  associated heating elements in accordance         6
1,183,627                                      6       with the pattern of
data at the respective    9. A device as claimed in any of Claims
outputs to produce corresponding patterns  6, 7 and 8, wherein the transfer
means com-       of heated elements during a selected por-  prises: for
each shift register a separate tion of each revolution of the drum, and
data gate carried by the drum, each data    5  means operable to transfer
the said serial  gate being connected to supply a data sig- 70       data
to the memory arrangement during a  nal to the respective shift register
when en-       preceding portion of each revolution of the  abled, an input
circuit carried by the drum       drum  as the said associated heating ele-
for receiving data signals from a source ex-       ments are being rotated
towards the said  ternal of the drum and applying such data   10  selected
portion of that revolution.     signals to each of the data gates; for each
75         2. A  device  according  to  Claim  1,  shift register, a clock
gate carried by the       wherein the memory arrangement is carried  drum,
each  clock gate being connected       by and within the drum.
to supply, when enabled, a clock pulse train         3. A device as claimed
in Claim  I or  to the associated shift register; a control cir.    15
Claim 2, wherein the transfer means com-  cuit carried by the drum  for
receiving a  80  15       prises: means operable to transfer a data  clock
pulse train synchronized with the data       signal from a circuit external
of the drum   signals from a source external of the drum       to a circuit
rotating with the drum, a gating  and for applying the clock pulse train to
circuit carried by the drum for selectively  each of the clock gates; and a
synchroniza-   20  routing the data signal to the memory  tion circuit
carried by the drum  and con- 85        arrangement when the gating circuit
is en-  nected to enable selectively each of the data        abled, and a
synchronizing circuit carried  and clock gates, the synchronization circuit
by the drum which is operably responsive  being operable, in response to a
synchroni-        to the angular position of the drum to en-  zation signal
related to the rotational posi-    25  able the gating circuit when the
matrix is  tion of the drum, to enable the data and  90        traversing
the said preceding portion of each  clock data related to a particular sub-
revolution of the drum.                  matrix as that sub-matrix passes
through          4. A  device as claimed in Claim  1,  the said preceding
portion of the revolution        wherein the matrix of controllable heating
of the drum.    30  elements is divided into a plurality of sub-    10. A
device as claimed in  any of 95        matrices spaced  circumferentially
around  Claims 4-9, wherein each sub-matrix com-  - - 



the drum and wherein the memory arrange-  prises a row of character
matrices each of        ment comprises a plurality of portions, one  which
is capable, when activated, of pro-        for each sub-matrix, the
parallel outputs of  ducing alphanumeric characters.    35  each memory
portion being coupled to    11. A thermal printing device including 100
activate the heating elements of the asso-  a rotatable drum  having
disposed at cir-        ciated sub-matrix in accordance with the
cumferentially spaced locations around the        data at the respective
outputs of that  perifery thereof, rows of matrices each com-        memory
portion, and wherein the transfer  prising controllable heating elements;
each    40  means is operable to transfer serial data to  matrix having
associated therewith a set of 105        the respective portions of the
memory  shift registers carried by the drum, each        arrangement in a
predetermined sequence.   shift register being capable of receiving
5. A  device as claimed in Claim  4,  serial data and storing such data as
parallel        wherein  each  portion  of the  memory  data appearing at
parallel outputs from that    45  arrangement is divided into a plurality
of  shift register, the outputs of the shift regis- 110        sections,
and the said transfer means sup-  ters of each set being coupled to the
heating        plies the serial data to each section of a  elements of
respective sections of the asso-        portion of the memory arrangement
over  ciated matrix to activate those elements in        different data
channels.                 a manner determined by data at the parallel    50
6. A  device as claimed in Claim  4, outputs, to produce selected patterns
of 115        wherein  each  portion  of the  memory  heated elements in
that associated matrix;        arrangement comprises a shift register cap-
the drum  carrying a set of data gates for        able of receiving serial
data and storing  each set of shift registers, each data gate of
such data as parallel data appearing at  a set being connected to supply,
when en-    55  parallel outputs from that shift register.  abled, a data
signal to one of the shift 120          7. A  device as claimed in Claim
6,  registers of the associated set; a set of in-        wherein the shift
registers are carried with-  put circuits carried by the drum, each input
in the drum, each shift register being dis-  circuit being connected to
apply a data sig-        posed radially inwardly   of its associated  nal
received from a source external of the     60  sub-matrix.
drum, to one data gate of each set of data 125           8. A device as
claimed in Claim  6 or  gates; a clock gate carried by the drum for
Claim 7, wherein the sub-matrices and the  each set of shift registers,
each clock gate         associated shift registers are constructed in
being connected to supply, when enabled, a         semiconductor integrated
circuit network  clock pulse train to each shift register of the     65
form.                                    associated set of shift registers;
a control 130                7                                    1,183,627
7 Claims        circuit carried by the drum for receiving a  plurality  of
character matrices each  of clock pulse train from  a source external of
which is capable, upon activation, of pro- the drum  and for applying the
clock pulse  ducing alphanumeric characters.   to each of the clock gates;
and a synchroni-    13. A  thermal printing device substan-  20   5  zation
circuit carried by the drum, the syn-  tially as described herein with
reference to chronization circuit being adapted to receive  and as
illustrated by Figures 1-6 of the a synchronization signal related to the
rota-  accompanying drawings. tional position of the drum  from  a source
14. A  thermal printing device substan- external of the drum and, in
response to the  tially as described herein with reference to, 25   10
synchronization signal, selectively to enable  and as functionally
illustrated by, Figure 7 the clock gate and the set of data gates re-  of
the accompanying drawings.                lated to each matrix as that
matrix travels   through the said preceding portion of the
ABEL &  IMRAY,   revolution of the drum.                        Chartered
Patent Agents, 15   12. A  device as claimed in Claim  10,
Quality House, Quality Court, wherein  each  matrix  row  comprises  a
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