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(54) METHOD AND APPARATUS FOR ENHANCING AND MAINTAINING CHARACTER QUALITY
IN THERMAL PRINTERS (71)   We,  HEWLETT - PACKARD   these losses increase
as the number of simul- COMPANY, of 1501 Page Mill Road, Palo  taneousy
powered dots increase. Print con- Alto, California 94304, United States of
trast, therefore, is more uniform for an "8"  50 America, a corporation
organized and exist-  than for a "1", since fewer dots are energized 5  ing
under the laws of the State of California,  simultaneously when printing an
"8". For United States of America, do hereby declare  good quality print,
the dot contrast should be the invention, for which we pray that a patent
consistent from character-to-character irre- may be granted to us, and the
method by  spective of character dot pattern.         55 which it is to be
performed, to be particularly    The amount of power delivered to the dots,
10  described in and by the following state-  hence the amount of heat
generated thereby, ment:-                                    is a function
of battery voltage. The more This invention relates to a method and  dots
that the battery must power to print a apparatus for enhancing and
maintaining  character, the more the battery voltage decays. 60 character
quality in thermal printers.    Battery voltage also decays simply as the
15    Uniform  clarity and contrast of printed  energy stored therein is
depleted with con- characters, both as to media on which they  tinued use.
As battery voltage decays, printed ate printed and as between individual
charac-  character quality deteriorates because the dots ters, is important
in the design of printers  generate heat nomumiformly from character-to-
65 generally. In batt-operated  thermal dot  character. Therefore parasitic
losses caused by 20  matrix printers, such character quality can  battery
resistance and connector and lead re- vary from  character-to-character and
from   sistance should be minimized since they waste time-to-time as a
function of dot matrix con-  battery power which should be delivered to
figuration or battery voltage, respectively, or  the printer head. These
losses are significant  70 both.
where the printer is part of a hand-held 25    Thermal printing techniques
include use of  calculator and the battery is small. However, a moving
print head with seven resistive ele-  in order to reduce battery
resistance, typically ments (i.e. "dots") deposited thereon in  a larger
battery must be used. Connector and columnar configuration for generating
con-  lead resistances cannot be further reduced  75 centrations of heat at
the surface of thermally  without  also  sacrificing   miniaturization, 30
sensitive paper when power is applied thereto.  changing head geometry or
greatly increasing Referring to Figures 1a and 1b, characters  cost of
manufacture. are formed on the paper by selectively ener-    The present
invention provides a printer gizing dots shown in Figure la as printer head
for printing characters on a printing medium   80 10, shown in Figure lb,
moves across and in  comprising; a printer head having a plurality 35
close proximity to the paper. Each character  of spaced transducers mounted
in a line comprises a pattern of dots selected from a  thereon, said
printer head being mounted in 5 x 7 dot matrix.
close proximity to the printing medium; As shown in Figure la, when a
typical 7  means coupled to the printer head and to the  85 dot thermal
head such as shown in Figure lb  printing medium for moving the printer
head 40  prints an "8", a maximum of 4 dots on the  and printing medium
relative to one another at head are energized at any one time (e g. [err]
or  a predetermined rate; said relative movement [err]). All 7 dots are
energized at time [err] when  being transverse to the line of transducers
the same head prints a "1". Parasitic losses,  mounted on the printer head;
timing means  90 such as are produced by battery return lead  for producing
timing  signals;  character 45  and resistance, reduce the amount of power
generating means coupled to the timing means supplied to each dot as a
function of the num-  for generating character data signals in re- ber of
simultaneously energized dots. Thus,  sponse to timing signals therefrom;
signal    2    1,503,970
2 generating means coupled to. the timing means  each  dot is less thereby
reducing losses for generating  periodic, sequentially-timed  attributable
to lead and battery resistances. command signals at a preselected
repetition  The resultant character may slant due to 



rate in response to timing signals received  movement of the printer head.
5  therefrom; and gating means coupled to the    The time for which the dot
is energised is  70 printer head the signal generating means and
preferably controlled by a variable duty cycle the character generating
means for selectively  generator comprising a capacitor charging cir-
activating successive ones of the transducers  cuit and a comparator. By
inversely varying in response to command and character data  the duty cycle
of the signal applied to the dots 10  signals to print characters on the
printing  as the magnitude of the battery voltage varies,  75 medium, each
character comprising a matrix  the temperature each dot attains when ener-
of rows and columns of dots, the interals  gised is essentially the same
for a greater between rows being determined by the spacing  range of
battery voltage. Thus, substantially between transducers and the. interval
between  uniform print quality is assured for a greater 15  columns being
determined by the repetition  variation of battery voltage.
80 rate of the command signals and the rate of     Combination of the two
control circuits pro- relative movement between the printer head  vides
substantially uniform quality of printed and the printing medium.
characters and improves the efficiency of the The present invention  also
provides a  thermal printer head subsystem by supplying 20  method for
printing characters on a printing  more useful power to the printer head
dots,  85 medium  comprising the steps of, supplying  and extends useful
battery life by compensating power; causing relative motion between a  for
variations in battery voltage. printer head and the printing medium, said
A preferred embodiment of the invention printer head having a plurality of
spaced  will now be described with reference to Figures 25  transducers
mounted in a line aligned thereon  2a to  6b of the accompanying drawings,
in 90 transverse to the direction of the relative  which drawing:- motion,
said printer head being mounted in    Figure 1a illustrates a typical prior
art close proximity to said printing medium  and  character printed in a
5X7 dot matrix by a said relative motion being effected at a pre  typical
moving head thermal printer. 30  determined rate transverse to said line of
Figure lb is a block diagram of a typical  95 transducers; producing timing
signals, generat-  7 dot thermal moving print head. ing character data
signals in response to the    Figure 2a is a logic diagram of a character
timing signals; generating periodic, sequen-  slant generator used in one
embodimet of the tially-timed command signals at a preselected  present
invention. 35  repetition rate in response to the timing sig-    Figure 2b
is a timing diagram  of power 100 nals; and activating successive ones of
the  applied to print head dots in a printer using transducers selectively
in response to command  the slant generator of Figure 2a. and character
data signals to print characters    Figure 2c illustrates a character
printed in on the printing medium, each character com-  a 5 x 7 dot matrix
by a printer system includ- 40  prising a matrix of rows and columns of
dots, ing the slant generator of Figure 2a.    105 the interval between
rows being determined    Figure 3 is a timing diagram of the power by the
spacing between transducers and the  applied to the print head dots to
print the interval between columns being determined  slated character "one
" of Figure 2c. by the repetition rate of the command sig-    Figure 4
compares the time typical print 45  nals and  the rate of relative movement
head dots require to attain the same operating  110 between the printer
head and the printing  temperature for different battery voltages. medium.
Figure 5a is a circuit diagram of a duty The present invention may be
embodied to  cycle generator used in the preferred embodi- reduce parasitic
losses and to extend useful  ment of the present inventon. 50  battery life
and enhance printed character    Figure 5b is a timing digram of the output
115 quality by controlling the time at which and  voltage and the input
voltage of the duty cycle the time for which the dot is energised with
generator of Figure 5a. compared with the respect to relative movement
between the  voltage across capacitor 504 thereof. print head and the
printing medium. The    Figure Sc is a curve showing the change 55  time at
which individual dots are energised  of percentage on-time of the dot drive
signal 120 is preferably controlled by a signal generator  as a function of
battery voltage. comprising a circulating shift register and    Figure 6a
is a logic diagram of a thermal related control logic. The sign  generator
printer system  constructed according to the circuit sequentially  strobes
columnar-con-  preferred embodiment of the present inven- 60  figured dots
in the print head in the pattern  tion including character slant and duty
cycle 125 of the character formed thus reducing the  generators. number of
simultaneously energised  dots.    Figure 6b is a timing diagram of control
Since fewer dots are powered simultneously,  signals employed by the
printer system of the instantaneous current from the battery and Figure 6a.
65  in the common return to the battery from    Refering to Figure 2a, one
embodiment of 130    3                                         1,503,970
3 



a slant generator for use in the present inven-  in Figure 2c. The timing
of dot driver com- tion  comprises  clocked  circulating  shift  mand
signals to form  the slanted character register (SR) 201, inverters 202
through 205,  "1" o Figure 2c is shown in Figure 3. The NOR gates 206
through 208, flip-flops 209  timing of the command signal coupled with 5
through 211 and AND gates 212 through 219.  the speed of the moving head
determines the  70 SR 201 operates as a ring counter wherein  "slant" of
the character (refer to Figure 2c). a one shifts left to right each clock
pulse for  For a one-dot slant from top to bottom of the five clock pulses
and is then fed back to a  character (i.e. dots 1 and 7 vertically aligned)
serial input. Nor gates 206 through 208 and  where the speed of the moving
head is 1.33 10  inverters 202 through 205 encode the output  inches/sec,
the period of command signals is  75 signals from the output taps of SR 201
and  5 milliseconds. the timing signals shown in Figure 2b are    A
one-dot slant was selected as a com- obtained. These signals are then gated
with  promise between the resultant reduction in dot matrix data from a
read-only memory  parasitic losses, the amount of logic circuitry 15
(ROM) through print command AND gates  necessary to achieve greater slant
and the  80 213 through 219. The outputs therefrom form   aesthetic
appearance of the printed charac- dot driver command  signals  which  are
ters. For a one-dot slant, an average of less applied to the input of the
dot drives. Note  than 4 dots are energized at any one time. that one
column of a character is printed for  The instantaneous current in the
common is 20   every circulation of SR 20I. Thus, the circula-  thereby
reduced with concomitant reduction  85 tion rate of SR 201, which is the
same as the  in parasitic  power losses Since the instan- repetition rate
of the output signals, coupled  taneous current from the battery is less,
the with the speed of the moving head, deter-  voltage drop across the
unavoidable battery mines the interval between columns of a  resistance is
also reduced. Hence, the voltage 25   character.
supplied by the battery to associated calcu-  90 For a one dot slant, the
timing signals for  lator electronics is affected less by printer dots 1
and 7 will coincide in time as shown  operation as well. in Figure 2b. A
more detailed description of    Slanting of characters is also achievable
by the control of character slant is given later  moving the paper across
the print head or 30  in this specification. Flip-flops 209 through
combining the movement of both relative to  95 211 hold data on lines 5, 6
and 7 since print-  one another. The advantages of such slanting ing of the
next column data in the 5 X7  are achieveable so long as there is some
move- (column x line) matrix begins before printing  ment of print head
relative to print media. the present column data is finished. This over-
It should be noted that it is feasible to 35  lap of column data is
illustrated in Figure 2b  package all seven dot driver transistors in one
100 where signals, 1, 2 and 3 of the next dot  integrated circuit. As shown
above without column overlap with signals 4, 5 and 6 of the  slanting all
seven drivers could 'be energized present dot column. Thus parts of more
than  simultaneously. The total instantaneous power 2 columns of dots in
the matrix may be  necessarily dissipated by all seven drivers 40  printing
simultaneously.                     could cause a damaging increase of chip
tem- 105 Figure 2a also shows the circuit schematics  perature. Reliability
of such circuits is fre- of each of seven identical dot drivers. Re-
quently a function of the temperature at which sistors 301, 302, 304,
305,306 and 307, re-  they are forced to operate In a printer accord-
present the resistances of the dots located on  ing to the present
invention the instantaneous 45  printer head 30. Referring to dot driver
31,  power dissipated  is substantially  reduced, 110 the base of
transistor 313 is connected to base  hence, the maximum chip temperature
attained resistor 312, the collector is connected to re-  during operation
is reduced and integrated sistor (i.e. dot) 301  and the emitter  is
circuit packaging is practical. grounded. Transistor 313 is selected for
low  The temperature attained by the dots in the 50  [err] in saturation.
When the output of one of  head is proportional to the magnitude of 115 the
AND gates 212 through 219 (i.e. a dot  applied voltage and the length of
time that driver command signal) is applied to the base  voltage is
applied. As mentioned earlier uni- of transistor 303 through resistor 312,
tran-  formity of dot temperature from  character- sistor 313 saturates,
and current is drawn  to-character is essential to uniform  print 55
through the dot which generates heat.       quality. Figure 4 shows that
the same tem- 120 In operation, the 7 dots are sequentially  perature may
be reached with different battery strobed from top to bottom (i.e. dots 1
through   voltages if, as the voltage decreases, it is 7 respectively)
according to the timing of the  applied to the dot longer. Thus, by using
duty dot driver command signals shown in Figure  cycle (DC) generator 500
shown in Figure 60  2b in the pattern of the character to be formed  5a,
the voltage applied to the dot can be 125 as print head 30 on which they
ride is driven  modulated in time as a function of the mag- across the
paper by motor 40. The patten of  nitude of the Battery voltage available.
the character is determined by the character    Referring now to Figures 5a
and 5b, since data i from  a character generator. Slanted  [err], 65
characters are formed on the paper as shown  if capacitor [err], [err],
then  130  



1,503,970                                      4 [err]
Referring to Figure 5c, at 3.5 V, for example, the DC  generated is
approximately 69/31   4 whereas at 4.0 V the DC is approximately 49/51.
where [err] is the battery voltage and 0.7 is the   To combine the
advantages of the slant [err] of transistor 501. Therefore,
generator and variable DC generator into one system, the contents of the
slant generator [err]                  are redetermined on a line-by-line
basis by (1) the variable DC generator. Referring now to Figure 6a, the
thermal printer system accord- ing to the preferred embodiment of the pre-
5   where [err] the time it takes capacitor 504 to sent invention includes
character generator  55 charge to [err], represents the change in DC  610,
variable DC  generator 500 described (ie. on-time/off-time) of the command
signal above, character slant generator 609, and the applied to the dot
drivers C  represents command logic for the dot drivers also des- capacity
in Farads, and R represents resistance cribed above. Character generators
are com- 10  in ohms. As will be shown later At also re-  monly available
on the commercial market  60 presents the time during which a shift
register and provide the data necessary to select the similar to SR 201 is
filled with ones.    appropriate dots to form a character within For the
preferred embodiment, the battery the 5 x 7 matric format. Thus, the
character voltage [err] varies exponentialy from 3.3 V  generator can be,
for example, the Signetics 15   to 4.2 V, or a variation of approximately
2516 or equivalent.                          65 27%. If the required value
of [err] were linearly   Character slant generator 609 comprises
proportional to the variation in [err], then the  18-bit tapped shift
register (SR) 605, AND base of transistor 501 could be grounded and  gate
602, OR gate 604, inverter 607 and [err] would control comparator 503 only.
NAND gate 608. The delay elements of SR 20   However, applying 3.3 V to the
dot 27%  605 can be a  series of two Signetics 74164  70 longer than 4.2 V
is inadequate additional and one Signetics 7474 or equivalent. While time
for the dot to reach the same tempera- circulation of SR6O5 as observed at
the out- ture at the lower voltage extreme. Therefore put taps thereof
provides the basic timing the change in [err] must produce a greater rela-
necessary to electrically slant the characters 25  tive change in DC of
power applied to the as the print head moves across the paper, the  75
dots. A 50/50 DC is shown in Figure 2b for contents of SR 605 (i.e. the
relative number a fixed dot drive period of 5 ms at nominal of ones and
zeroes) provides the DC modula- battery voltage. If a 75/25 DC is desirable
at tion needed to electrically compensate for 3.4 V and a 45/55 DC is
desirable at 4.15 V, decaying battery voltage. Duty-cycle-modified, 30  the
values of R and [err] in the variable DC  slant modulation data modulates
character  80 generator of Figure 5a can be determined data via gates 634
through 646. The dot from simultaneous solution of equation 1. drivers are
driven only when these gates are Then, for a total DC period of 5 ms,
enabled., Since these gates are enabledif and only if ones appear at both
inputs, even if a [err]             character data one is applied to one
input,  85 the dot drivers will be driven only for the time ones from  SR
605 (referred to herein- 35  and
after as slant ones) appear at the other input. If SR 605 contains 9 slant
ones and 9 roes, a 50/50 DC signal is sequentially received by  90 the dot
drivers. Thus, the DC of the signal applied to the dots is controlled by
the num- ber of slant ones circulating in SR 605 since that number
determines the length of time R=2.65k and [err] = 1.58 volts.       gates
634 through 646 are enabled. The num-  95 ber of slant ones in SR 605 is
determined Using these values of R and [err],         prior to the printing
of each line by the DC generator. Referring again to Figure 6a, slant ones
40                        .                    are fed into SR 605 during
the time it takes 100 capacitor 504 in DC generator 500 to charge to a
voltage equal to [err]. When print control delayed (PCD) signal 690 is low,
the output Expressed as a percentage of total DC period, on-time is
of DC generator 500 is high and SR 605 receives slant ones therefrom via
gates 602  105 



and 604. During this time, the print head dots  cannot be energized. The
supply of slant ones from DC  generator 500 is ter-    1,503,970
5 minated when capacitor 504 charges to a  generator 610 and logic to know
when the voltage equal to [err] and comparator 503  printer head has
advanced to the next column changes state. The charging time of capacitor
on the character being printed. Gates 634 503 relative to the clock time of
SR 605 is  through 646 receive slant data from SR 605 5   such that
comparator 503 changes state before  and character data from character
generator  70 SR 605 is completely filled with slant ones  610 via latches
622 through 632. These latches (i.e. 18 one-bits). While SR 605 is filling
with  are necessary to preserve character data. Owing slant ones at the B
input of gate 604, the A  to the one-dot slant, the seventh dot of column
input thereof is low because the contents of  1 and the first dot of column
2 are printed 10   SR  605  were cleared  before PCD  690  at the same
time. If the DC is long, for  75 switched low. SR 605 shifts its contents,
which  example, 70/30, then when the first dot of amount to at least 6 but
less than 18 slant  column 2 is starting to be printed, five dots ones,
until gate 608 switches low. When PCD   (3-7) of column 1 are still
printing. Since 690 then switches high, the contents of SR  column 2 data
needs to be present for its first 15   605 circulate and capacitor 504 in
the DC  dot to be energized, column 1 data must be  80 generator discharges
through transistor 502.   held in latches 632 if a dot is being printed
Referring to Figure 6b, column advance  when column data changes. signal
(CA) 660, the generation of which is    As indicated above a new duty cycle
is detailed later in this specification, and PCD   determined at the end of
each printed line. 20   690 are gated by OR gate 613 to produce a  Print
control 600 signal can be generated from   85 low output when the leading
slant one cir-   int head carriage contact logic, or other culating in SR
605 is at bit 17 (refer to E).  logic which synchronizes the relative move-
When this occurs, SR clock signal 670 is dis- ment of the printer head and
paper with re- abled by gate 611 and SR 605 stops cir- spect to completion
or start of the printing 25  culating. When the PCD signal 690 goes high,
of a line of characters.                  90 SR clock signal 670 is again
applied to SR 605 and its contents crculate. By stopping    WHAT WE CLAIM
IS:- circulation of SR  605 when the column    1. A printer for printing
characters on a advance signal 660 is low, the leading slant printing
medium comprising: 30  one in SR 605 is always known to be at bit   a
printer head having a plurality of spaced 17. The location of the leading
slant one is transducers mounted in a line thereon, said  95 important
since PC  600 is asynchronous. printer head being mounted in close
proximity Since the leading slant one always starts from  to the printing
medium; bit 17, vertical alignment of the first dot of   means coupled to
the printer head and to 35  the first character of all printed lines is
the printing medium for moving the printer assured. SR clear signal 680
clears the con- head and the printing medium relative to one  100 tents of
SR 605 of all slant ones prior to  another at a predetermined rate, said
relative determination  of each new  DC  by DC  movement being transverse
to the line of trans- generator 500.                            ducers
mounted on the printer head; 40    The process of filling SR 605 with slant
timing means for producing timing signals; ones described above is repeated
prior to the    character generating means coupled to the  105 printing of
each line. The output signals from  timing means for generating character
data the seven taps of SR 605 are the same as the  signals in response to
timing signals there- signals shown in Figure 2b if DC generator  from; 45
500 fed 9 slant ones into SR 605. Of course   signal generating means
coupled to the tim- DC generator 500 can provide variable DC   ing means
for generating periodic, sequen- 110 from 30/70 to 90/10 as [err] varies as
shown  tially-timed command signals at a preselected in Figure 5c. Note
that, while the output taps  repetition rate in response to timing signals
of SR 605, corresponding with dots 1 and 7  received therefrom; and 50
(Figure 2c), are electrically the same, the    gating means coupled to the
printer head, signal at the tap corresponding with dot 7 is  the signal
generating means and the character 115 delayed 18 clock pulses from the
signal at tap  generating means for selectively activating corresponding
with dot 1 wherein the signal  successive ones of the transducers in
response at both taps includes the same number of  to command and character
data signals to 55  slant ones and zeroes. This signal delay  print
characters on the printing medium, each generates the printed character
"slant" and  character comprising a matrix of rows and 120 the signal
content of slant ones and zeroes  columns of dots, the interval between
rows determines to dot driver signal duty cycle.    being determined by the
spacing between To provide the timing necessary for print-  transducers and
the interval between columns 



60  ing each column of character data gate 608  being determined by the
repetition rate of the generates a CA signal 660 only when bit 17  command
signals and the rate of relative 125 is a one and the complement of bit 18
is one.  movement between the printer head and the Signals representing
these  conditions are  printing medium. applied to inputs A and B,
respectively of    2. A printer as in claim 1 wherein: 65  gate 608. The
signal is used by character   the printing medium produces a mark on    5
1,503,970 minated when capacitor 504 charges to a  generator 610 and logic
to know when the voltage equal to [err] and comp arator 503  printer head
has advanced to the next column changes state. The charging time of
capacitor  on the character being printed. Gates 634 503 relative to the
clock time of SR 605 is  through 646 receive slant data from SR 605 5
such that comparator 503 changes state before  and character data from
character generator  70 SR 605 is completely filled with slant ones  610
via latches 622 through 632. These latches (i.e. 18 one-bits). While SR 605
is filling with  are necessary to preserve characterdata. Owing slant ones
at the B input of gate 604, the A  to the one-dot slant, the seventh dot of
column input thereof is low because the contents of  1 and the first dot of
column 2 are printed 10   SR  605  were cleared  before PCD  690  at the
same time. If the DC is long, for  75 switched low. SR 605 shifts its
contents, which  example, 70/30, then when the first dot of amount to at
least 6 but less than 18 slant  column 2 is starting to be printed, five
dots ones, until gate 608 switches low. When PCD   (3-7) of column 1 are
still printing. Since 690 then switches high, the contents of SR  column 2
data needs to be present for its first 15   605 circulate and capacitor 504
in the DC  dot to be energized, column 1 data must be  80 generator
discharges through transistor 502.   held in latches 632 if a dot is being
printed Referring to Figure 6b, column  advance  when column data changes.
signal (CA) 660, the generation of which is    As indicated above a new
duty cycle is detailed later in this specification, and PCD   determined at
the end of each printed line. 20   690 are gated by OR gate 613 to produce
a  Print control 60 signal can be generated from   85 low output when the
leading slant one cir-  print head carriage contact logic, or other
culating in SR 605 is at bit 17 (refer to E).  logic which synchronizes the
relative move- When this occurs, SR clock signal 670 is dis- ment of the
printer head and paper with re- abled by gate 611 and SR 605 stop cir-
spect to completion or start of the printing 25  culating. When the PCD
signal 690 goes high, of a line of characters.                  90 SR clock
signal 670 is again applied to SR 605 and its contents circulate. By
stopping    WHAT WE CLAIM IS:- circulation of SR  605 when the column    1.
A printer for printing characters on a advance signal 660 is low, the
leading slant printing medium comprising: 30  one in SR 605 isalways known
to be at bit   a printer head having a plurality of spaced 17. The location
of the leading slant one is transducers mounted in a line thereon, said
95 important since PC  600 is asynchronous. printer head being mounted in
close proximity Since the leading slant one always starts from  to the
printing medium; bit 17, vertical alignment of the first dot of   means
coupled to the printer head and to 35  the first character of all printed
lines is  the printing medium for moving the printer assured. SR dear
signal 680 dears the con- head and the printing medium relative to one  100
tents of SR 605 of all slant ones prior to  another at a predetermined
rate, said relative determination  of each new  DC  by DC  movement being
transverse to the line of trans- generator 500.
ducers mounted on the printer head; 40    The process of filling SR 605
with slant   timing means for producing timing signals; ones described
above is repeated prior to the    character generating means coupled to the
105 printing of each line. The output signals from  timing means for
generating character data the seven taps of SR 605 are the same as the
signals in response to timing signals ther- signals shown in Figure 2b if
DC generator  from; 45  500 fed 9 slant ones into SR 605. Of course
signal generating means coupled to the tim- DC generator 500 can provide
variable DC  ing means for generating periodic, sequen- 110 from 30/70 to
90/10 as [err] varies as shown  tially-timed command signals at a
preselected in Figure 5c. Note that while the output taps  repetition rate
in response to timing signals of SR 605, corresponding with dots 1 and 7
received therefrom  and 50  (Figure 2c), are electrically the same, the
gating means coupled to the printer head, signal at the tap corresponding
with dot 7 is  the signal generating means and the character 115 delayed 18
clock pulses from the signal at tap  generating means for selectively
activating corresponding with dot 1 wherein the signal successive ones of
the transucers in response at both taps includes the same number of to
command and character data signals to 55  slant ones and zeroes. This
signal delay  print characters on the printing medium, each generates the
printed character "slant" and  character compri sing a matrix of rows and
120 



the signal content of slant ones and zeroes  columns of dots, the interval
between rows determines to dot driver signal duty cycle.    being
determined by the spacing between To provide the timing necessary for
print-  transducers and the interval between columns 60  ing each column of
character data gate 608  being determined by the repetition rate of the
generates a CA signal 660 only when bit 17  command signals and the rate of
relative 125 is a one and the complement of bit 18 is one.  movement
between the printer head and the Signals representing  these conditions are
printing medium. applied to inputs A and B  respectively of    2. A printer
as in claim 1 wherein: 65  gate 608. The signal is used by character   the
printing medium produces a mark on    6
1,503,970                                          6 the  surface  thereof
in  response  to  heat  said line of transducers; producing timing
generated in close proximity thereto; and    signals; generating character
data signals in the transducers generate heat in response  response to the
timing signals; to an electrical signal applied thereto.      generating
periodic, sequentially-timed com- 5     3. A printer as in claim 1. wherein
the sig-  mand signals at a preselectd repetition rate  70 nal generating
means includes a circulating  in response to the timing signals; and shift
register having a plurality of output ports    activating successive ones
of the transducers for coupling command signals therefrom and  selectively
in  response  to  command  and first gating  means  coupled  to the shift
character data signals to print characters on 10   register for controlling
the contents thereof.  the printing medium, each character com-  75 4. A
printer as in claim  1 powered by a  prising a matrix of rows and columns
of dots, battery wherein the signal generating means  the interval between
rows being determined includes duty cycle generating means for con-  by the
spacing between transducers and the trolling the duration of the command
signals  interval between columns being determined by 15   generated
thereby to activate the transducers  the repetition rate of the command
signals and   80 to produce printed characters having uniform  the rate of
relative movement between the quality on the printing medium.
printer head and the printing  medium. 5. A printer as in claim4 wherein:
8. A method as in claim 7 wherein: the signal generating means includes a
cir-   the printing medium produces a mark on 20   culating shift register
having a plurality of  the  surface  thereof in response  to heat  85
output ports; and.               .          heat generated in dose
proximity thereto; an the duty cycle generating means includes    the
transducers "generateheat in ronse to a. capacitor and a capacitor charging
circuit  an electrical signal applied thereto. coupled  to  the battery -
for charging  the    9. A.-method as in claim 7 wherein the step 25
capacitor to a voltage substantially equal to  of  generating  command
signals  includes  90 the voltage thereof, and having an output  coupling
command signals from  a circulat- port for coupling an electrical signal
repre-  ing shift register having a plurality of output senting the
capacitor voltage therefrom; a  ports and controlling the contents thereof.
comparator having an output port and at least   10. A method as in claim 7
wherein: 30  two input ports, one of the input ports being    the step of
supplying power comprises the  95 coupled to a reference voltage
representing  step of supplying power from a battery; and the voltage
required for the transducers to    the step of generating periodic,
sequentially- produce printed characters having uniform  timed command
signals includes the step of quality on the printing medium and the other
controlling the duration of the command sig- 35  of the input ports being
coupled to the output  nals to activate the transducers to produce 100 port
of the capacitor charging circuit, said  printed characters having uniform
quality on comparator  being effective for comparing the  the printing
medium. voltages applied to the input ports thereof    11. A method as in
claim 10 wherein: and for providing a signal at the output port   the step
of controlling the period of the 40  representing the  time it takes the
capacitor  command signals includes the step of con-  105 to charge to a
voltage substantially equal to  trolling the contents of a circulating
shift the reference voltage; and second gating means  register having a
plurality of output ports coupled to the comparator and to the shift  which
comprises the step of: register for controlling the contents thereof    (a)
charging a capacitor to a voltage sub- 45  -in response to the signal at
the output port of    stantially equal to the voltage of the  110 the
comparator,  said contents being effective   battery; for controlling the
duration of the command    (b) comparing the capacitor voltage with
signals.                                          a reference voltage
representing . the 6. A printer as in claim 4 wherein the duty     voltage
required for the transducers to 50  cycle generating means controls the
duration       produce printed characters having uni-  115 of the command
signals invesely as a func-           form quality on the - printing
medium; tion of the battery voltage and the function    (c) providing a
signal representing the time of the battery voltage is substantially
exponen-  it takes the capacitor to charge to a 



tial.                                         voltage substantially equal
to the re- 55    : 7. A method for printing characters on a       ference
voltage; and                    120 printing medium  comprising the steps
of;   (d) controlling the contents of the cir- supplying  power; causing
relative  motion       culating shift register in response to the between a
printer head and the printing           signal representing the time it
takes the medium, said printer head having a plurality       capacitor to
charge to a voltage sub- 60  of spaced transducers mounted in a line
stantially equal to the reference voltage, 125 aligned thereon transverse
to the. direction of   said contents beng effective for con- the relative
motion, said printer head being      trolling the duration of the command
mounted in close proximity to said printing       signals medium  and  said
relative  motion  being     12. A method as in claim  10 wherein the 65
effected at a predetermined rate transverse to  step of controlling the
period of the com- 130    7             1,1503,970
7 mand signals includes controlling that dura-  effective for controlling
the duration of the tion inversly as a function of the battery  command
signals. voltage.                                       18. A printer as in
claim  5 wherein the 13. A method as in claim 10 wherein the  time it takes
the capacitor to charge to a volt-  45 5   function of the battery voltage
is substantially  age substantially equal to the reference volt-
exponential.                                 age is approximately equal to
the length of 14. A printer as in claim  1 for printing    time the
transducers must be activated at the slanted characters wherein the slant
of the  battery voltage available to produce printed columns of the printed
characters is deter-  characters having uniform  quality on the   50
columns of the printed characters is deter-  printing medium. 10   mined by
the sequential timing of the com- 19. A method as in claim 8 for printing
mand signals and the rate at which the  slanted characters wherein the
slant of the printerhead is driven.                   columns of the
printed characters is deter- 15. A printer as in claim 4 wherein the  mined
by the sequential timing of the com-   55 command signals include an
on-time and an  mand signals and the rate at which the printer 15
off-time, said on-time being set by the duty  head is driven. cycle
generating means as a function of the    20. A method as in claim 10
wherein: magnitude of the battery voltage and being    the step of
generating command signals effective for enabling activation of the trans-
includes coupling command signals from  a   60 ducers.
circulating shift register having a plurality of 20     16. A  printer as
in claim  15 wherein the  output ports; and on-time of the command signals
is an inverse    the step of controlling the period of the function of the
magnitude of the battery volt-  command signals includes the steps of: age.
determining the magnitude of the battery   65 17. A printer as in claim 4
wherein:      voltage; 25    the signal generating means includes a cir-
comparing the magnitude of the battery culating shift register having a
plurality of  voltage with a reference voltage to determine output ports;
the length of time the transducers must be the duty cycle generator
includes:        activated at the magnitude of battery voltage  70 sampling
means for determining the mag-  available to produce printed characters
having 30 nitude of the battery voltage;               uniform quality on
the printing medium; and comparator means coupled to the sampling
controlling the contents of the circulating means, for comparing the
magnitude of the  shift register. battery voltage with a reference voltage
to    21. A printer substantially as herein des-  75 determine the length
of time the transducers  cribed with reference to the accompanying 35  must
be activated at the magnitude of battery  drawings. voltage available to
produce printed charac- ters having uniform quality on the printing
For the Applicants, medium; and
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