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@ Thermal print head.

@ A thermal print head includes electrical heating ele-
ments (36, 38) for marking a heat sensitive medium, and
buses (46, 50, 60, 64) for delivering power to the elements
(36, 38) (each bus being connected in common to a number
of the elements); a power source applies to one of the buses
(46, 60) a first voltage level which is at least sufficient, when
applied to one of the eements (36, 38), to cause marking, and
the power source holds a second bus (50, 64) at a fixed
second voltage level insufficient for causing marking to
improve reliability and to reduce manufacturing costs. In
other aspects, each element (36, 38} in the row (30, 32) is
connected between a conductor (52, 57) for supplying power
to and a conductor (44, 48, 58, 62) for sinking power from the
element (36, 38), and some of the sink conductors (44, 48)
extend on one side of the row (30, 32) while other sink
conductors (58, 62) extend on the other side of the row (30,
32) (for making electrical connection 10 a power sink); there
are a number (N} of parallel rows of elements (36, 38), and
there are 2N buses (23), each bus being connected in
common to a plurality of elements (36, 38), and there is
control logic for routing power via each one of the buses in
turn; and at least one (46, 50) of the buses {46, 50, 50, 64) is
on one side of the rows (30, 32) of elements (36, 38), and at
least another one (60, 64) of the buses {46, 50, 60, 64) is on
the opposite side of the rows to reduce density of the
required switching circuitry.

Croydon Printing Company Ltd
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0186059

THERMAL PRINT HEAD

This invention relates to thermal print heads.

In typical heads, a row of electrically resistive
heating elements are defined along the length of a
resistive stripe by a series of conductive fingers which
cross the stripe at regular intervals. Each heating
element is thus spaced apart from the next element by the
width of the finger which separates them and each element
is bordered by and connected to the two associated fingers
which define the element. 1In order to print a dot on a
sheet of heat-sensitive paper, an individual element is
heated by driving current through it. A voltage is
applied to one of the element's two associated fingers to
supply power, and the other finger is grounded to withdraw
(sink) power from the element. By printing a set of
selected dots in one row, then moving the paper a short
distance (in a direction perpendicular to the resistive
stripe) to a new position at which another set of selected
dots is printed, and then repeating these steps, patterns
of dots corresponding to alphanumeric characters or
graphic symbols are formed.

Typically, every other finger along the stripe extends
in one direction away from the stripe to connect to
integrated circuitry which is arranged to permit grounding
of various ones of the fingers at different times. The
intervening fingers (to which the voltage is to be
applied) are not connected to the grounding integrated
circuitry, but instead extend away from the stripe in the
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opposite direction from the grounding fingers. Every other one
of these voltage fingers is routed to a first bus which runs
parallel to the stripe, while the remaining voltage fingers are

routed to a second bus, which also runs parallel to the stripe.

The printing of dots along a row is done in two phases: a vol-
tage is applied first to the first bus, and appropriate groun-
ding fingers are grounded to cause heating of the elements cor-
responding to the desired dot positions and then to the second

bus, and other appropriate grounding fingers are grounded.

Diodes are connected between each voltage finger and the bus to
which it is routed to prevent so-called parasitic voltages from
appearing on the bus to which the voltage was not applied. Such
parasitic voltages may erroneously cause printing by elements
which were not selected for heating. Such diodes affect the com-
plexity gnd reliability of the switching circuitry and contri-

bute to the design and manufacturing costs of the print head.

It is therefore an object of the invention as defined in the
appendent claims to avoid these deficiencies and to provide an
improved thermal printing head.

To one of several buses a first voltage level is applied which
is at least sufficient, when applied to one of the elements, to
cause marking, while holding a second bus at a fixed second

voltage level insufficient for causing marking.

Preferrably the heating elements are arranged in rows, (e.q.
two parallel rows), and there are a series of conductors for
sinking power from the elements, with every other one of these
conductors extending on one side of the rows, and the inter-
vening conductors extending on the other side, with each
conductors serving two elements on each row, and each

element being served by one of the conductors; and there

are four buses (double the number of rows), with two of
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the buses being arranged on one side 0f the rows so as to
be adjacent to and to serve one of the rows, and with the
other two buses being arranged on the other side of the

rows so as to be adjacent to and to serve the other one of
the rows.

Also in preferred embodiments, the elements are
regularly spaced along the rows, with spaces between
successive elements (each element having, e.g., a length
equal to the length of one of the spaces), and one of the
rows is offset from the other row (e.g. by an amount equal
to the space length) such that in a projection of one row
onto the other row, the elements of the one row would

cover at least a portion of the spaces along the other row.

Also in preferred embodiments, the power sinking
conductérs selectively connect the elements to a
predetermined third voltage level, such that the voltage
difference between the first and third voltage levels is
sufficient to cause marking, but the voltage difference
between the second and third voltage levels, and the
voltage difference between the first and second voltage
levels, are each insufficient to cause marking; the second
voltage level is lower than the first voltage level and is
selected to have a value, relative to the first voltage
level, which minimizes the aggregate power loss in the
heating elements, e.g., a value equal to the third voltage
level plus 3/7 of the difference between the first voltage
level and third voltage level; control logic is provided
for connecting the first voltage level from the power
source to a selected one of the buses while connecting the
second voltage level from the power source to the other
buses; and the control logic connects selected ones of the

elements to a power sink while the bus connected to the
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selected elements is connected to the first voltage level,

to cause marking by the selected elements.

In another aspect, the invention features a thermal
print head in which each element in the row is connected
between a conductor for supplying power to and a conductor
for sinking power from the element, and some of the sink
conductors extend on one side of the row while other sink
conductors extend on the other side of the row for making

electrical connection to a power sink.

In another aspect, the invention features a thermal
print head having a number (N) of parallel rows of
electrical heating elements for marking a heat sensitive
medium, conductors for sinking power from the elements, 2N
electrical buses for routing power to the elements, each
bus beihg connected in common to a plurality of elements,

and control logic for routing power via each one of the
buses in turn.

In another aspect, the invention features a thermal
print head having a row of electrical heating elements for
marking a heat sensitive medium, buses parallel to the row
of elements for routing power to the elements, at least
one of the buses being on one side of the row, and at
least another one of the buses being on the opposite side
of the row.

By holding the non-printing buses to a fixed second
voltage level insufficient to cause marking, no diodes are
required to counteract the parasitic voltages which could
otherwise appear on the non-printing buses. Eliminating
the diodes reduces the design and manufacturing costs and
improves the reliability of the head, by making more space
available on the head substrate. The availability of
space also permits the use of four buses, two on each side
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of the elements. Four buses enable the use of two rows of
printing elements, each served by two of the buses. By
connecting each sink conductor to both rows, each sink
conductor can serve four elements. Having alternate sink
conductors lead out to different sides of the element rows
reduces the density of the required switching cirbuitry on
the substrate which reduces design and manufacturing
complexity and cost, and improves reliability. Using four
buses permits four-stage printing which reduces the peak

power load. Offsetting the two rows of elements with
respect to each other assures that every location on a

v

page can be printed.

Other advantages and features of the invention will
become apparent from the following description of the

preferred embodiment, and from the claims.
We first briefly describe the drawings.

Fig. 1 is a schematic view of a thermal printing

system.

Fig. 2 is a view of a representative segment along the
length of the thermal print head of Fig. 1, including

integrated circuitry shown schematically.

Fig. 3 is a schematic view of the power supply and
control logic of Fig. 1.

Fig. 4 is an equivalent circuit diagram for the head

of Fig. 2 reflecting one possible operating condition.

Referring to Fig. 1, in thermal printing system 10 a
sheet of temperature-sensitive paper (or plain paper in
conjunction with an ink-bearing temperature-sensitive
ribbon) 12 is held against a thick-film thermal print head
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14. Paper driver 16 is arranged to move paper 12 to a
succession of fixed positions with respect to head 14.
Paper driver 16 is connected via control signal line 17
and power line 19 to a power supply and control logic 18
(for providing power and control signals to cause paper
driver 16 to move paper 12 to the successive positions).
Power supply and control logic 18 is also connected via
control signal lines 21 and bus power lines 23 to head 14
(for providing power and control signals for causing head
14 to print a desired set of dots with respect to each
successive position of paper 12). Power supply and
control logic 18 is also connected via control signal line
25 and data line 27 to a microprocessor (not shown) for
receiving streams of bits representative of information to
be printed, and for receiving and sending related control
signals.

Referring to Fig. 2, in head 14, a pair of parallel
resistive stripes (each .0833 mm wide) of palladium-silver
or palladium-gold 30, 32, are crossed by a series of
conductive fingers 34 (each 0.0833 mm wide) also of
palladium~-silver or palladium-gold. The rows are
separated by a 0.25 mm space and the conductive fingers
are spaced at regular intervals to define two parallel
rows of printing elements 36, 38 (each 0.0833 mm square).
Elements 36 are offset from elements 38 along an imaginary
axis 40 by a distance of (0.0833 mm such that, if elements
38 were moved along an axis 42 to the location of row 30,
each element 38 would fill the space between a pair of
adjacent element%1%%.céghere are a total of 2,592 elements
along the 8 1/2"/print head length (only a few are shown

in Fig. 2) with 1,296 elements in each row.

The fingers 34 which cross row 30 are arranged in four
groups. One group of fingers 44 is connected to a
conductive bus 46 oriented parallel to row 30. A second
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group of fingers 48 (only two are shown in Fig. 2) passes
under and is insulated from bus 46 and connects to a
second bus 50 also oriented parallel to row 30. A third
group of fingers 52 passes under and is insulated from
both buses 46 and 50 and connects to integrated circuit 54
(for connecting selected fingers 52 to ground). Fingers
52 also extend to and cross row 32 and have jogs 56 to
accommodate the offset between elements 36, 38. A fourth

group of fingers 57 extend to and beyond stripe 32.

Likewise, the fingers 34 which cross stripe 32 are
arranged in four groups, including fingers 52 in one
group, fingers 58 which connect to a bus 60 (on the other
side of stripes 30, 32 from buses 46, 50) in a second
group, fingers 62 which connect to a bus 64 in a third
group, and fingers 57 which conne¢t to integrated
circuitfy 66 in a fourth group.

Each finger 52, by virtue of crossing both stripes 30,
32, is connected to four elements, which are served
individually by one of the four buses 46, 50, 60, 64. For
example, a finger 52 connects to elements 70, 72, 74, 76,
which in turn are connected respectively to buses 46, 50,
60, 64. Likewise, each finger 57 is connected to four
elements also served respectively by one of the four buses
46, 50, 60, 64.

Each pair of adjacent fingers 57 has four elements 38
positioned between them, and each pair of adjacent fingers

52 likewise has four elements 36 positioned between them.

Buses 46, 50, 60, 64 and integrated circuits 54, 66
are each connected independently via lines 41, 43, 45, 47,

49, 51 to power supply and control logic 18.
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Integrated circuitry 66 represents one of six
identical circuits arranged along the length of head 14 on
one side of rows 30, 32; integrated circuit 54 is
identical to integrated circuit 66 and likewise represents
one of six identical circuits on the other side of rows
30, 32. Each integrated circuit has fifty-four cells to
serve fifty~four fingers 52, 57. Thus the twelve circuits

are able to serve all 648 of fingers 52, 57.

Integrated circuitry 66 includes a shift register 110
having a set of cells 112. Each cell 112 includes a
transistor 114 whose emitter is grounded, whose collector
is connected to a particular one of the fingers 57, and
whose base is controlled by the value of a bit stored in
the cell. When the bit has one value, transistor 114 is
driven to saturation so that the corresponding finger 57
is efféétively grounded (actually the finger is drawn down

to the saturation voltage, V , of transistor 114,

sat
e.:g., 0.3 volts).

When the bit has the opposite value, transistor 114 is off
and the potential on the corresponding finger 57 is

permitted to float.

Referring to Fig. 3, power supply and control logic 18
includes a bus power supply 120 capable of producing
highly regulated voltages at two levels: a higher level
for causing printing at a selected element (the higher
level is selected so that the voltage drop across a given
element will drive current sufficient to cause the element
to heat to a temperature which causes marking) and a lower
level for driving the non-printing buses (the lower level
is selected so that the voltage drop across a given
element will not be sufficient to cause printing). Bus
power supply 120 is connected via high and low voltage
lines 122, 124 to power-to-buses switching logic 126.
Logic 126 has outputs connected to bus connection lines
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41, 43, 45, 47 for delivering the supply voltages, and has
its input connected via control signal line 128 to control
logic 130 for receiving signals which control the

switching of the supply voltages to bus lines at any given
time.

Control logic 130 is also connected vja control ang
data lines 132, 134 to bit stream switching logic 136 for
delivering, respectively, streams of bits corresponding to
dots to be printed, and related timing control signals
which synchronize the operation of the integrated circuits
54, 66 with the powering of buses 46, 50, 60, 64. Logic
136 is connected via lines 49, 51 to circuits 54, 66 for
carrying the bit streams and the timing control signals.

Control logic 130 is also connected via control signal
line 17 to paper driver 16 and via control signal line 138
to paper drive power supply 140 to trigger the
repositioning of the paper to each successive position at
the proper time. The output of supply 140 is connected

via power line 19 to paper driver 16.

Finally, control logic 130 is connected via control
line 25 and data line 27 to the microprocessor (not shown)
to receive the bit streams and commands directing it when
to print.

Referring to Fig. 4, in one typical situation, during
printing, bus 46 is driven to the higher first voltage
level (VA) and buses 50, 60, 64 are driven to the lower
second voltage level (VB). Each resistance labelled
RM represents a printing element which is intended to be
heated to print. RMM represents heating elements which
are not intended to be heated to print but which are
connected to the same grounding finger as an Ry

element. RNN represents a heating element which is not
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intended to be heated to print but is connected to the bus
which is being driven to voltage VA. RN represents
heating elements connected between the same grounding
finger as an RNN element, and one of the buses driven to
voltage VB. With transistors 71, 73 turned on, fingers
75, 77 are at a third voltage level Veat®
Thus, VA must be high enough so that each RM heats
sufficiently to cause printing from a voltage drop of VA
- VSat across these resistors. VB must be low enough
so that each RMM does not heat sufficiently to print

with a voltage drop of VB - Vs across it, and so

at
that each RNN and RN does not print from a voltage
drop of VB - VA across each network consisting of

RNN in series with three parallel RN elements.

Squect to those constraints, it is desirable to set
Vg at a level which minimizes the total power dissipated

in the RMM v RNN and RN elements.

The voltages across the various resistors are as
follows:

VRM = VA - Vsat

VRNN - = 3/4 (Vp - V)

VRy = 1/4 (Vp - Vg) ’
VRMM = VB - Vsat

The minimum power dissipation will occur when VRMM =

VR i.e., when

NN’

VB - Vgat = 3/4 (Vap - VB)
or

]

3/7 (Va - Vgat) + Vgat
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Thus, VB should be set at 3/7 of the voltage across

the printing resistors (i.e., 3/7 of Vy = Vo) plus
the saturation voltage (Vsat)' so that

VRM = VA - Vsat

VRNN = 3/7 (Va - Vgat)

VRN = 1/7 (VA - Vgat)

VRMM = 3/7 (Va - Vsat)

With that value of VB the power dissipated in each of
the non-printing elements is 3/7 x 3/7 = 9/49 = 18.2% of

the power dissipated in each of the printing elements.

To print.a desired pattern of dots, paper 12 is moved
to a successsion of fixed positions relative to stripes
30, 32.° At each position, power is applied to those
elements 36, 38 which need to be heated in order to mark
desired dots at corresponding locations on the paper.
Power is applied in four stages. 1In each stage, Va is
applied to a particular one of the buses 46, 50, 60, 64,
while Vg is applied to the remaining three buses. For
example, VA is applied to bus 46 and VB is applied to
buses 50, 60, 64. Under these circumstances, only half of
the elements 36 on stripe 30, (i.e., those which are
connected to bus 46) can be selected to heat to print
corresponding dots. A particular one of those elements
heats to print by having integrated circuits 54, 66
connect to ground the finger 52, 57 which leads from the

element to be heated, thus establishing V v

across the element. For example, in Fig.AZ, eizgent 70
can be heated to print a corresponding dot by grounding
finger 100 to establish a current path (indicated by arrow
102). Appropriate bits are loaded into integrated
circuits 54, 66 to cause, while VA is being applied to

bus 46, the desired elements to be grounded and the others

to remain floating.
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Many unwanted parasitic electrical paths exist along
the length of head 14 tending to drive buses 50, 60, 64 to
V., for example the path (arrow 104) from bus 46 via two
elements to bus 50. Were bus 50 actually driven to V
then element 72, being connected between V_ and VS

A

at’
would erroneously print a dot. However, because VB

A'

applied to bus 50 is regulated to be constant
(notwithstanding parasitic paths such as 104), bus 50
cannot be driven to VA' Because VB is insufficient to

cause printing by element 72, no erroneous printing occurs,

In the second stage of printing, the paper remains in
the same position, V, is applied to bus 50, V, is
applied to buses 46, 60, 64 and appropriate ones of
fingers 52 and 57 are grounded to cause printing by
desired ones of that half of the elements on row 30, which

are conﬁected to bus 50.

A similar procedure is followed in the third and
fourth stages with the Va being applied first to bus 60,
then to bus 64. Thus, in the course of the four stages,

any of the elements on rows 30, 32 can be caused to print.

Next the paper is moved along axis 42 by a distance
equal to the width of row 30 to a new position, at which
the four printing stages are again repeated, this time
with an updated set of fingers 52, 57 being grounded in
order to print desired dots at the new paper position.

The paper is then moved to a succession of new fixed
positions, at each of which the four printing stages are
repeated. Becausé the elements on rows 30, 32 are
staggered with respect to each other, dots can be printed
at all desired places on the page. The loading of bits
into the shift registers, the switching of voltages onto
buses 46, 50, 60, 64, and the advance of the paper to
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successive positions, are all synchronized by control
signals delivered from power supply and control logic
130. The microprocessor to which the power supply and
control logic 18 are connected is programmed to provide
the needed bit patterns for integrated circuits 54, 66

based on the characters or graphic symbols to be printed.

By holding the non-printing buses to a fixed second
voltage level insufficient for causing marking, no diodes
are required to counteract the parasitic voltages which
could otherwise appear on the non-printing buses.
Eliminating the diodes reduces the design and
manufacturing costs and improves the reliability of the
head, by making more space available on the head
substrate. The availability of space also permits using
four buses, two on each side of the elements. Four buses
enablesﬁusing two rows of printing elements, each served
by two of the buses. By having each sink conductor
connect to both rows, each sink conductor can serve four
elements. Having alternate ones of the sink conductors
lead out to different sides of the element rows reduces
the density of the required switching circuitry on the
substrate, thus reducing design and manufacturing
complexity and cost, and improving reliability. Using
four buses permits four-stage printing which reduces the
peak power load. Offsetting the two rows of elements with

respect to each other assures that every location on a
page can be printed.

Other embodiments are within the following claims.
For example, more than two rows of elements could be used,

with the number of buses being double the number of rows.
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Claims:

1. A thermal print head comprising electrical heating
elements (36, 38) for marking a heat sensitive medium (12), bus
means for delivering power to the elements, a power source for

applying through a control logic (13c) a voltage level to the
elements

characterized by,

buses (23, 46, 50, 60, 64) for delivering power to the
elements (36, 38),

each bus being connected in common to a plurality of
the elements (36, 38),

the power source (120) being adapted to apply to one of
the buses a voltage level which is at least sufficient,
when applied to one of said elements (36, 38) to which the

bus is connected, to cause the marking,

the connections between the buses (46, 50, 60, 64) and the
elements (36, 38) being arranged to define both an elec-
trical path (102) from the one bus (46, 60) to the one
element (36, 38) to cause the marking, and unwanted elec-
trical paths (104) from the one bus (46, 60) via the ele-
ments (36, 38) to a second bus (50, 64) tending to cause

the second bus to carry the first voltage level, and

the power source (120) being arranged to hold the second
bus (50, 64) at a fixed second voltage level insufficient
for causing the marking.
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2. The thermal print head of claim 1

characterized in that

the control logic (130) is adapted to connect the first voltage
level from the power source (120) to a selected one of the
buses (46, 50, 60, 64) while connecting the second voltage
level from the power source to the other one of the buses (46,
50, 60, 64),

a power sink for sinking power from selected ones of the

elements (36, 38) is provided and in that

the control logic (130) is further arranged for connecting
selected ones of the elements (36, 38) to the power sink while
the bus connected to the selected elements (36, 38) is
connected to the first voltage level, to cause the marking by
the selected elements (36, 38). 4 3

3. A thermal print head comprising '

a row (30, 32) of electrical heating elements (36, 38) for
marking a heat sensitive medium (12) especially according to
claims 1 to 3,

characterized in that

each of the elements (36, 38) is connected between a conductor
(52, 57) for supplying power to and a conductor (44, 48, 58,
62) for sinking power from the element (36, 38),

some of the sink conductors (44, 48) extending on one side of
the row (30, 32) and other of the sink conductors (58, 62)
extending on the other side of the row (30, 32) for making

electrical connection to a power sink.
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4. The thermal print head of claim 1

characterized by

additional rows of electrical heating elements (36, 38)
parallel to the row (30, 32),

the sink conductors (44, 48, 58, 62) each being connected to

some of the elements (36, 38) on each of the rows,

some of the sink conductors (44, 48) extending on one side of
said rows and other said conductors (58, 62) extending on the

other side of said rows.

5. The thermal print heat of claim 4
characterized in that

there is one said additional row, and

the sink conductors (44, 48, 58, 62) are arranged in a series

along said rows,

every other of the sink conductors (44, 48) extending on one
side of the rows, the intervening of the sink conductors (58,

62) extending on the other side of the rows,

each of the sink conductor (44, 48, 58, 62) serving four of the

elements (36, 38), two on each of the rows.
6. A thermal print head (14) comprising

a number (N) of parallel rows of electrical heating elements
(36, 38) for marking a heat sensitive medium (12)
characterized by,

conductors (44, 48, 58, 62) for sinking power from said
elements (36, 38),

Tis
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2N electrical buses (23) for routing power to
said elements (36, 38), each said bus being connected in

common to a plurality of said elements (36, 38), and

control logic (130) for routing power via each
one of said buses (23) in turn.

7. The thermal print head (14) of claim 6 further
comprising

a power source (120) for applying to said one bus
a first voltage level which is sufficient, when applied to
one of said elements (36, 38), to cause said marking, and
for applying to said buses (23) which are not routing

power a second voltage level insufficient to cause said
marking.

8. The thermal print head (14) of claim 6 wherein N
is 2.

9. A thermal print head (14) comprising

a row (30, 32) of electrical heating elements
(36, 38) for marking a heat sensitive medium (12)
characterized by,

buses (23) parallel to said row (30, 32) for ,
routing power to said elements (36, 38), each said element

(36, 38) being connected to one of said buses (23),

at least one of said buses (23) being on one side
of said row (30, 32), and

at least another one of said buses (23) being on
the opposite side of said row (30, 32).
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10. A thermal print head (14) characterized by

two parallel rows (30, 32) of heating elements
(36, 38) for marking a heat sensitive medium (12), said

heating elements (36, 38) being spaced regqularly along
said rows (30, 32),

four buses (46, 50, 60, 64) parallel to said rows
(30, 32) of heating elements (36, 38), first and second
said buses (46, 50) on one side of said rows (30, 32), and

third and fourth said buses (60, 64) on the other side of
said rows (30, 32),

said first and second buses (46, 50) being
connected by fingers (44, 48) to elements (36) on one said
row (30), said third and fourth buses (60, 64) being
connecfed by fingers (58, 62) to elements (38) on the
other said row (32),

a series of conductors (52, 57) each connected to
elements (36, 38) on both of said rows (30, 32), every
other one of said conductors (52) extending to one side of
said rows (30, 32), the intervening said conductors (57)

extending to the other side of said rows (30, 32),

each heating element (36, 38) being connected

between one said finger (44, 48, 58, 62) and one said
conductor (52, 57).

each said finger (44, 48, 58, 62) being connected
to two said heating elements (36, 38),

each said conductor (52, 57) being connected to
four said heating elements (36, 38), two on said one row
(30) and two on said other row (32).
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Fig 2
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