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AUXILIARY CONTROL DEVICE FOR
MANAGING PRINTING IN A THERMAL
PRINTER

CROSS-REFERENCE TO PRIOR APPLICATION

The present application is a continuation of U.S. patent
application Ser. No. 09/632,105 filed Aug. 3, 2000 now U.S.
Pat. No. 6,404,452.

FIELD OF THE INVENTION

The present invention relates to the field of controllers for
printers and, more particularly, to the use of an auxiliary
control device within a color thermal printer for managing
printing and/or paper handling functions.

BACKGROUND OF THE INVENTION

Printers continue to become more and more sophisticated,
in response to commerce demanding increasingly more
functionality from printers. Adding to the complications
created by this situation, printing speeds have also become
higher. Even though microprocessors suitable for perform-
ing control functions within printers have increased in
sophistication, the demands upon the microprocessors have
outpaced their development. The need for optimum com-
munication between a printer and its host has placed addi-
tional demands upon the printer’s built-in processor.

Thermal printers introduce yet another level of compli-
cation: the characteristics of the thermal print head change
from character to character. This means that a character
printed with a cold print head may appear on the media
differently than do characters printed after the head is warm.
In some applications, the quality of the print is critical. In
other applications, good print quality, while not critical, may
cause a customer to select one printer over another because
of subjective differences in print quality. The added com-
plexity of color (i.e., two or more color) thermal printers
demands even more control of printing parameters.

Sophistication is required to manage the thermal hyster-
esis in the print heads. One such management tool known to
those skilled in the thermal printer arts is called “dot
history”. In a dot history system, the instant thermal status
of the thermal print head is estimated based upon the history
of the dots previously printed. If a particular point on a
thermal print head has just completed a task with a high duty
cycle, that point will, probably, be hotter that a print head
point which has been idle for a period of time. By adjusting
the drive energy to the print head points based upon their
estimated thermal status, print quality is typically improved
and print head overheating is avoided.

One solution to alleviate the print head control problem is
to split the processing duties between two microprocessors,
both within the printer itself. One logical distribution of
functions is to use a first microprocessor for communica-
tions management and a second microprocessor for printing
management. The second or auxiliary processor is then free
to devote its attention to the printing process itself.

U.S. Pat. No. 4,452,136 for PRINTER SUBSYSTEM
WITH DUAL COOPERATING MICROPROCESSORS,
issued Jun. 5, 1984 to William W. Boynton, et al., teaches the
use of one internal microprocessor to manage data commu-
nications with a host and a second, cooperating micropro-
cessor to manage the printing and paper handling functions
in a high-speed, wire matrix printer. The effect of self-
generated heat on a wire matrix print head is generally much
less pronounced than in a thermal print head. Consequently,
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BOYNTON, et al. direct the activities of their auxiliary
processor to managing print head position and moving
paper, not to compensating for thermal effects in a thermal
print head. BOYNTON, et al. incorporate no teaching of a
dot history or similar adjustment of the print data; nor is the
firing energy adjusted to the wires of the wire matrix print
head.

U.S. Pat. No. 5,559,547 for THERMAL PRINTER,
issued to Gamal Hagar teaches a system for improving the
utilization of a microprocessor. HAGAR discloses an
arrangement of buffer storage to improve the printing effi-
ciency of a thermal printer. However, there is no teaching of
an auxiliary microprocessor or of a dot history or similar
print quality control.

U.S. Pat. No. 6,008,831 for APPARATUS FOR CON-
TROLLING DRIVING OF THERMAL PRINTHEAD,
issued to Masatoshi Nakanishi, et al. teach a rudimentary dot
history arrangement for driving a thermal print head. Nakan-
ishi et al. provide a plurality of shift registers to store data
corresponding to successive rows of print data. Driving
(printing) energy is varied to each point of the thermal print
head dependent upon whether the previous data was a “1” or
a “0” (i.e., whether the point was just fired or was idle).
There is no teaching of an auxiliary microprocessor or of the
application of a dot history print energy control system to a
color thermal printer.

It is, therefore, an object of the invention to provide an
auxiliary control device to manage print head and paper
movement functions in a thermal printer.

It is an additional object of the invention to provide an
auxiliary control device in a thermal printer to provide a
high-speed dot history control system for single-color print-
ing.

It is another object of the invention to provide an auxiliary
control device in a thermal printer to provide a dot history
control system for color printing.

It is a further object of the invention to provide an
auxiliary control device in a thermal printer compatible with
dot print heads and operable with any number of loading
inputs.

It is yet another object of the invention to provide an
auxiliary control device in a thermal printer which provides
at least two previous levels of dot history for single-color
printing.

It is a still further object of the invention to provide an
auxiliary control device in a thermal printer to provide at
least one previous level of adjacent left and right dot history
for single-color printing.

It is yet another object of the invention to provide an
auxiliary control device in a thermal printer which provides
at least one previous level of dot history for color printing.

It is an additional object of the invention to provide an
auxiliary control device in a thermal printer which provides
at least one previous level of energy level setting for
two-color printing.

It is a further object of the invention to provide an
auxiliary control device in a thermal printer for up to eight
thermal head reloading cycles.

It is a still further object of the invention to provide an
auxiliary control device in a thermal printer which provides
both 64-point stepper motor acceleration ramp tables and
stepper motor current drive tables.

It is another object of the invention to provide an auxiliary
control device in a thermal printer which interfaces with
standard, external stepper motors. Interfaces provided are
for full, half, and micro
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stopping.

It is an additional object of the invention to provide an
auxiliary control device in a thermal printer which provides
programmable end dot compensation.

It is a further object of the invention to provide an
auxiliary control device in a thermal printer which provides
user programmable, on-chip SRAM.

SUMMARY OF THE INVENTION

In accordance with the present invention there is provided
an auxiliary control device for use in a thermal printer to
manage printing and paper movement functions. This frees
a main microprocessor for communications and other duties
within the printer. Specifically, the auxiliary control device
provides a dot history system, both row-to-row and adjacent
dots, for use in either a single or multiple color (i.e., two or
more color) thermal printer.

BRIEF DESCRIPTION OF THE DRAWINGS

A complete understanding of the present invention may be
obtained by reference to the accompanying drawings, when
considered in conjunction with the subsequent detailed
description, in which:

FIG. 1 is a schematic block diagram of a typical thermal
printer using an auxiliary microprocessor;

FIG. 2 is a schematic block diagram of the auxiliary
control device (microprocessor) in accordance with the
present invention;

FIGS. 3a and 3b are tabular representations of the dot
history data considered for both single color and multiple
color printing, respectively;

FIGS. 4a and 4b depict possible dot pattern combination
groups for single color and multiple color printing, respec-
tively;

FIG. 5 is a detailed block diagram of the dot history
processor; and

FIGS. 6a and 6b, taken together (see interconnection
diagram, FIG. 6), depict the steps of the dot history proces-
SOr.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The present invention provides an auxiliary control device
for use in a thermal printer to manage printing and paper
movement functions. This frees a main microprocessor for
communications and other duties within the printer.
Specifically, the auxiliary microprocessor provides a dot
history system, both row-to-row and adjacent dots, for use in
either a single or multiple color thermal printer. Color
thermal printing would require twice the resources from a
microprocessor, thus creating a speed limit. The
co-processor does not suffer from any speed limits due to its
100% hardware scheme. The auxiliary microprocessor pro-
vides for the direct control of external stepper motors
utilizing a 64-point table for both acceleration and control.

Referring first to FIG. 1, there is shown a schematic block
diagram of a typical thermal printer, generally at reference
number 100. A thermal print head 102 containing multiple
thermal points (not shown) is provided for interacting with
direct thermal paper (not shown). While direct thermal
writing has been chosen for purposes of disclosure, it will be
obvious to those skilled in the printer design arts that thermal
transfer printing, incorporating an interposed thermal ribbon
between the print head and plain paper, could easily be used
with the inventive system.
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The paper is typically moved, relative to a print head 102,
by a paper drive system, powered by a stepper motor 104.
Stepper motor 104 receives its control inputs from a print
head motor controller 106, which is an auxiliary
microprocessor, in combination with an appropriate stepper
motor driver interface 108. Controller 106 may include
memory, shift registers, and other components needed to
accomplish the functions of the inventive system as
described in detail hereinbelow. In addition to providing
control signals for stepper motors 104 and interface 108,
controller 106 also manages the print signals sent to print
head 102 on print signal bus 110 through signal converter
112. Controller 106 performs the inventive dot history
processing which alters the drive signals to print head 102,
dependent upon the printing history of both a particular print
head point (not shown) and the history of adjacent print head
points (not shown). The dot history processing is described
in detail hereinbelow.

A main control processor 114 is connected to controller
106 by bi-directional data bus 136. A communications
interface 116 is provided to adapt printer 100 to communi-
cations media 124. Communications media 124 represents
any interconnection strategy, known to those skilled in the
art, by which printer 100 may be connected, either directly
or indirectly, to a host (e.g., a computer, controller, etc.). The
interconnection topology forms no part of the instant inven-
tion and any of a wide variety of topologies known to those
skilled in the art may be used. Communications interface
116 is connected to main microprocessor 114 by
bi-directional data bus 118.

Referring now also to FIG. 2, there is shown a detailed
block diagram of print head and motor control processor
106. Processor 106 embodies two subsystems: a dot history
control processor (DHCP) 130 and a paper feed motor
control 132. The functions of paper feed motor control
subsystem 132, generally well known to those skilled in the
printer control systems art, are implemented in the present
control processor 114.

Processor 106 is designed to interface with a standard
16-bit external microprocessor (e.g., main control processor
114). Processor 106 provides standard CS, RD, WR, address
and data lines, all well known to those skilled in the
microprocessor art. Communication between main control
processor 114 and the processor 106 is accomplished via a
16-bit data bus 136 (FIG. 1), which is fully read and/or write
compliant. Main control processor 114 can read/write to all
locations of the memory map (not shown).

The main control processor 114 sends dot-row data to the
processor 106 over data bus 136. A total of 40 word writes
is required for a single-color print process. A total of 80 or
120 word writes is required for a color print process. A
handshake allows internal pipelining of the dot-row data.
The dot history control processor 130 can be loaded with the
next dot-row bits at the same time that it is printing/
calculating/reloading the current dot-row.

Dot history control is accomplished with combinational
logic. The result of the combinational logic is based on the
dot-history patterns shown in FIGS. 4a and 4b for single-
color and two-color printing, respectively. The combina-
tional logic yields five specific cases of dot-history patterns.
A user-programmable SRAM (not shown) is provided to
further reduce the specific cases to a number less than five.
This SRAM essentially stores the bit masks that are used to
combine the specific cases into common groups. This reduc-
tion is used to facilitate anywhere from one to five head
reloadings for history control.









