
EP 0 378 439 B1 Description The present invention relates to a recording
head for use in, for example, a copier, a facsimile, wordprocessor, an
output printer of terminal of host computer, or video output printer. More
particularly, the 5  invention relates to a recording head and recording
apparatus wherein an electrothermal converting element and a driving
element are formed on a common substrate. Hitherto, there has been known a
semiconductor device in which a plurality of semiconductor elements are
arranged and are simultaneously or solely made operative, thereby
controlling a current supply to each segment to be controlled. 10     Fig.
1A shows an example of such a semiconductor device. In the diagram,
reference numeral 24 denotes an insulative substrate; 25 a semiconductor
substrate; 26 an anode semiconductor region; 27 a cathode region. The above
semiconductor device has a feature such that it has a construction in which
individual diodes are respectively arranged at intervals on the insulative
substrate and are adhered thereto. Since the device 15  has the above
construction, a degree of freedom for a requirement of the standards for
the diodes is large and a proper diode can be selected in a wide range in
accordance with the use object. Further, since an electrical mutual
interference between the diodes can be prevented, a high reverse bias
voltage can be blocked by the insulative substrate and a large current can
be supplied and a semiconductor device which has a high withstanding
voltage and can endure a large current is realized. 20     Fig. 1 B is a
diagram showing an example of an electric circuit using the semiconductor
device shown in Fig. 1A. In such a circuit, for instance, to supply a
current to a segment 28 such as a load resistor or the like, a switch 29 is
closed, a positive potential Hi is biased, and further, a switch 30 is
closed, thereby turning on a diode 31 corresponding to the segment to be
supplied with a current. At this time, only the desired segment 25 28 can
be solely made operative without influencing the other segments. In the
recording head also, the above described circuit structure is used.
Respective segments, such as electrothermal converting elements, are
electrically connected to respective diodes so that the segment can be
solely made operative. However, in the above conventional example, since
the individual semiconductor elements have been 30 arranged on the
insulative substrate, there are the following technical problems. [err]
Since the individual diodes are arranged on the insulative substrate one by
one and are adhered thereto, the number of necessary steps is very large
and the costs of the semiconductor device are high. [err] Since the
individual diodes are used, there is a large deviation among the
characteristics of the diodes. In the case of using a number of diodes, a
degree of allowance cannot be set to a large value in 35    consideration
of the whole balance in designing of the system. [err]  When executing the
bonding to electrically couple the diodes, it is necessary to consider a
space and a layout upon arrangement of the diodes and it is also necessary
to provide gaps to electrically isolate the diodes. Thus, a yield per unit
area decreases and the miniaturization of the whole semiconductor device is
limited. 40    In order to solve the above problems [err]  - [err]  it
seems desirable to form respective elements on a common substrate as
disclosed in USP4,429,321 (Matsumoto). In the case where transistors are
arranged in the semiconductor substrate and a circuit is constructed as
shown in Fig. 1C, if there is a variation in current amplification factors
of the transistors, a current concentration occurs in the diode having a
large predetermined current amplification factor. 45    In the case where
the above-mentioned semiconductor device is used in a recording head such
as an ink jet recording head comprising a discharge opening to discharge an
ink, a liquid passage communicated with the discharge port, and an
electrical/thermal converting element serving as a discharge energy
generating element which is provided within inside of or outside of a
liquid path in correspondence to the discharge port or in a thermal head
which is used for thermal copy transfer recording, thermal recording, or 50
the like, it is difficult to avoid the enlargement and high costs of the
recording head due to the above causes and, further, the whole recording
apparatus increases in size and costs. Particularly, in the recording head
which is used in the ink jet recording apparatus, the present inventors
have found the fact from many experiments that the construction of the
recording head must be determined by sufficiently considering an influence
by the heat which is generated in the semiconductor device, an 55 influence
by the heat generation of the electrical/thermal converting element, and
the like in order to use a liquid (ink). That is, when the head structure
is such that the electrothermal converting element for generating a 



thermal energy and the semiconductor functional elements are formed on a
common semiconductor 2    EP 0 378 439 B1 substrate, an image quality
would. greatly vary with an electric wiring, element structure and driving
conditions. In concrete, a variation is emitted ink adhesion position on
recording paper would be greatly changed. Therefore, in order to achieve
high quality ink jet recording, a structure for limiting the variation of
dots into minimum one should be found out. 5     The present invention is
made in consideration of the foregoing technical subjects. According to a
first aspect of the invention, there Is provided an ink jet recording head
comprising: a discharge port for discharging ink; an electric/thermal
converting element for generating thermal energy; and a transistor element
provided and connected for driving the electric/thermal converting element;
wherein the electric/thermal converting element and the transistor element
are formed on a semiconductor 10  substrate; characterised in that a base
and a collector of the transistor element are short-circuited and
electrically connected to the electric/thermal converting element.
According to a second aspect of the invention, there is provided an Ink jet
recording head comprising: a discharge port for discharging ink; an
electric/thermal converting element for generating thermal energy; and a
transistor element provided and connected for driving the electric/thermal
converting element; 15 wherein the electric/thermal converting element and
the transistor element are formed on a semiconductor substrate;
characterised in that a base and a collector of the transistor element are
short-circuited and an emitter of the transistor element is electrically
connected to the electric/thermal converting element. According to a third
aspect of the invention, there is provided a recording apparatus as set out
in claim 15. 20     According to a fourth aspect of the invention there is
provided an ink jet recording apparatus as set out in claim 16. Optional
features are set out in claims 3 to 14. Embodiments of the invention
provide a semiconductor device of low cost which can be relatively easily
manufactured. 25     Embodiments of the invention provide, in particular, a
semiconductor device having a plurality of elements in which a variation
among the elements is suppressed and the device comprises uniform elements.
Embodiments of the invention provide a miniaturized semiconductor device
having a high degree of integration. 30     Embodiments of the invention
provide an efficient semiconductor device which can suppress a leakage
current due to a parasitic PN junction structure. Embodiments of the
invention provide, in particular, a semiconductor device having a plurality
of elements in which an influence on the adjacent element is prevented and
a malfunction of the device does not occur. 35     Embodiments of the
invention provide a recording head which has excellent discharging
characteristics and can record at a high speed with a high resolution.
Embodiments of the present invention provide, as a means for solving above
described problem, a recording head having a semiconductor substrate,
transistor elements provided on the semiconductor substrate, and
electrical/thermal converting elements provided on the semiconductor
substrate, wherein the 40 recording head has a first wiring electrode in
which a base and a collector of each transistor element are
short-circuited, a second wiring electrode which is electrically connected
to the semiconductor substrate, and a third wiring electrode which is
connected to one of electrodes of the electrical/thermal converting
elements, and an emitter of the transistor element and the other electrode
of the electrical/thermal converting elements are electrically connected.
45     Embodiments of the present invention provide a recording head
comprising: a semiconductor substrate; transistor elements provided on the
semiconductor substrates; and electrical/thermal converting elements
provided on the semiconductor substrate, wherein the recording head has a
first wiring electrode which is electrically connected to one of a pair so
of electrodes of the electrical/thermal converting elements and a second
wiring electrode which is electrically connected to the emitters of the
transistor elements, and the base and the collector of each 



transistor element are short-circuited and are electrically connected to
the other one of the pair of the electrodes of the electrical/thermal
converting elements. In embodiments of the present invention, since a
plurality of elements can be formed in the substrate of 5s the recording
head by the same step, the high density, high performance, and
miniaturization of the recording head can be realized by low costs.
According to another embodiment, since the collector and the base of the
transistor for driving the energy generating elements are electrically
short-circuited, even if there is a variation among current 3    EP 0 378
439 B1 amplification factors of the transistors forming a plurality of
diodes, a current concentration does not occur in the diode having a
predetermined large current amplification factor. Thus, the energy
generating elements and the semiconductor elements are not destroyed. On
the other hand, according to the embodiment, the semiconductor elements and
the energy 5  generating elements can be formed on the same substrate and
the high density, high performance, and miniaturization of the recording
head can be realized. Further, according to a circuit construction of the
embodiment, a liquid droplet which is always stable and has excellent
discharge response characteristics can be formed at a high speed. Further,
according to the circuit structure of an embodiment of the present
invention, a liquid droplet 10  which is always stable can be formed with
excellent response and with high speed. Embodiments of the present
invention will now be described by way of non-limiting example with
reference to the drawings, in which: Fig. 1 A shows a schematic sectional
view of a conventional semiconductor device; Fig. 1 B shows a structure of
drive circuit using a semiconductor device; 15    Fig. 1 C shows an example
of the drive circuit using the semiconductor device. Fig. 2A is a schematic
sectional view showing a portion of the semiconductor device for use in a
recording head according to first embodiment of the present invention; Fig.
2B is a circuit diagram showing a portion of circuit structure of the
recording head according to second embodiment of the present invention; 20
Fig. 3 schematically shows an example of parasitic effect of the
semiconductor device; Fig. 4A is a schematic perspective view showing the
recording head according to an embodiment of the present invention; Fig. 4B
is a schematic sectional view along a line E - E' in Fig. 4A; Fig. 5
schematically shows a driving operation of recording head driving method
according to the first 25    embodiment of the present invention; Figs. 6A
- 6F schematically show the recording head producing process according to
the first embodiment of the present invention; Fig. 7A is a schematic
sectional view showing a portion of the semiconductor device for use in the
recording head according to second embodiment of the present invention; 30
Fig. 7B is a circuit diagram showing a portion of circuit structure of the
recording head according to the second embodiment of the present invention;
Fig. 8 schematically shows an example of a parasitic effect of the
semiconductor device; Fig. 9 is a schematic sectional view showing a
substantial structure of the recording head according to the second
embodiment of the present invention; 35    Fig. 10 schematically shows
recording head driving method according to the second embodiment of the
present invention; and Figs. 1 1A - 1 1J are schematic sectional views
showing the recording head producing process according to the second
embodiment of the present invention. Fig. 12 is a schematic perspective
view of an ink jet recording apparatus on which the recording head 40
according to an embodiment of the present invention is mounted; Fig. 13
shows the recording head configuration mounted on the apparatus of Fig. 12;
and Fig. 14 shows a carridge configuration of Fig. 12. [EMBODIMENT 1] 45
Fig. 2A is a schematic sectional view showing a functional element for use
in a recording head in an 



embodiment of the present invention. In the diagram, reference numeral 1
denotes an N type silicon substrate; 2 an N type epitaxial region
constructing elements; 3 a P type collector buried region constituting the
elements; 4 an N type isolation region to isolate elements; 5 a P type
collector region constructing the so elements; 6 an N type isolation region
to isolate the elements; 7 an high concentration P type emitter region
constructing the elements; 8 an N type base region of a high concentration
constructing the elements; 9 a P type isolation region of a high
concentration constituting the elements; 10 an N type isolation region
isolating the elements. Such functional element operates such that, by
forwardly biasing [err] an electrode 11 by applying biases (VH1) of
positive potentials to the electrode 11, the PNP transistor in the cell is
turned 55  on and bias currents flow out of the emitter electrode 11 as a
collector current and a base current. By using the construction wherein
base and collector are shorted as in an embodiment of the invention, that
is, the construction as shown in Fig. 2B, as a equivalent circuit, the
recording head is desirably driven. Thus, high speed switching property
which recording head required is obtained. Rising property is desirable.
Parasitic 4    EP 0 378 439 B1 effect is relatively small. Accordingly,
variation among the elements are small. And stable drive current can be
obtained. In the embodiment, the isolation region is not connected to the
ground. In such a semiconductor device, that is, in the semiconductor
device in which the isolation region is not connected to the ground, it is
5  desirable to reduce the concentrations of the p type collector buried
region 3 among collector region except for high concentration P type
collector region, a region comprising the P type collector region 5, a
region comprising N type epitaxial region 2 among base region except for
high concentration N type base region 8, and N type silicon substrate. This
is so that it is prevented that charges enter from the P type collector
buried region 3 into the P type collector buried region 3 of the other cell
through the N type silicon 10  substrate 1. The reasons will now be
described in detail hereinbelow with reference to Fig. 3. Fig. 3 Is a
diagram showing an equivalent circuit of the semiconductor device together
with parasitic effect shown in Fig. 2. In the diagram, [err] denotes the
internal resistance of the collector region; [err] indicates the internal
resistance of the base region; and Rs represents a resistance of the N type
silicon substrate 1. On the other hand, [err] 15  corresponds to a PNP
transistor which is formed by the P type emitter region 7, N type epitaxial
region 2, and P type collector buried region 3. [err] corresponds to an NPN
transistor which is formed by the N type epitaxial region 2, P type
collector buried region 3, and N type silicon substrate. Further, [err]
corresponds to a parasitic PNP parasitic transistor which is formed by the
P type collector buried regions 3 and N type silicon substrate 1 of the
adjacent cells. 20     In the above circuit, when the transistor [err] is
turned on, the transistor of the adjacent cell causes a malfunction. To
prevent such a malfunction, it is desirable to set the values of [err] to
large values. [err] The potential on the collector side of the [err] is
expressed 25 [err] by On the other hand, the potential on the base side of
the [err] is expressed by 30 [err] 35    Therefore, the value of
base-emitter voltage [err] of the T,1 decreases as the [err] is large, so
that the operation of the [err] is set into the saturation region.
Therefore, when [err] is greater, the current amplification factor [err]
decreases and most of the current from the emitter passes to the base side
due to the increase in [err], so that a leakage of the current to the other
cell decreases. [err] Effects which are obtained by increasing the value of
RB. 40       In the case where the current [err] was generated, the emitter
potential of the [err] rises as the value of [err] is large, and it becomes
difficult to turn on the [err] [err]  If the current flowed by the [err]
the potential drop increases as the value of [err] is large, so that the
potential of the [err] rises and it becomes difficult to turn on the [err]
As described above, to prevent a malfunction of the adjacent cell, it is
desirable to set the values of [er] 45  RB, and Rs to large values,
respectively. The values of [err] can be set to large values by, for
instance, reducing the concentrations of the collector region, base region,
and N type silicon substrate 1. In 



the embodiment, the impurity concentrations were set to values within a
range from 1 x 10'5 to 1 x 1017 cm3. Fig. 4A is a diagrammatical
perspective view showing an ink jet recording head according to an 5o
embodiment of the invention. Reference numeral 500 denotes a discharge port
to discharge an ink and 501 indicates a liquid passage wall member to form
a liquid passage communicating with the discharge port 500. The liquid
passage wall member 501 is formed by a photo sensitive resin or the like.
Reference numeral 502 indicates a top plate formed by glass, resin, or the
like and 503 represents a supply port of a liquid. 55     Fig. 4B is a
diagrammatical cross sectional view taken along the line E-E' in Fig. 4A
showing the ink jet recording head having a drive section of the
semiconductor element mentioned above. The liquid passage wall member 501
and the top plate 502 are omitted for simple explanation. Fig. 5 is a
diagram for explaining a method of driving the recording head shown in
Figs. 4A and 4B. 5    EP 0 378 439 B1 In the recording head 100 of the
embodiment as shown in Fig. 4B, an [err] film 101 which has the above drive
section and is formed by the thermal oxidation is formed on the substrate.
An electric/thermal converting element which is formed by a heat generation
resistance layer 103 made of HfB2 or the like and an electrode 104 made of
At or the like is provided on a heat accumulation layer 102 comprising an
SiO2 5  film or the like which is formed by a sputtering process on the
oxide film. Further, an insulating protective film 105 made of [err] or the
like and an anti cavitation protective film 106 made of Ta or the like
which are formed by the sputtering process are provided on and over a heat
generating portion 110 of the electric/thermal converting element. The SiO2
film formed by sputtering and forming the heat accumulation layer 102 is
formed integrally 10 with an interlayer insulative film between wirings 201
and 203 of the drive section. With respect to the protective layer 105 as
well, the film is similarly formed integrally with an interlayer insulative
film between the wirings 201 and 202. A protective layer 107 made of an
organic material such as photo sensitive polyimide or the like is provided
as an insulative film having an excellent recording liquid resistance onto
the wiring 202 of the top is portion in the drive section. Apart from the
structure shown in Fig. 4A, the recording head can be also constructed in a
manner such that a top plate with grooves, an orifice plate, and the like
are arranged to form the liquid passage and discharge port although they
are not shown. As mentioned above, different from the type in which the
liquid is discharged in the direction which is almost parallel with the
heat generating surface of the electric/thermal 20 converting element as
shown in Fig. 4A, the recording head can be also constructed in a manner
such that the liquid is discharged in the direction which crosses the heat
generating surface, for example, vertical direction. The method of driving
the recording head will now be described in detail with reference to Fig.
5. Although only two cells have been shown in Fig. 5, a proper number of,
e.g., 128 cells as mentioned above 25 are arranged and electrically
connected like a M x N matrix. A method of driving electrothermal resistor
elements RH, and RH2 as two segments among N segments in the group among M
groups will now be described. To drive the electrothermal converting
element RH,, first, a desired group is selected by a switch G1, for
example, at device body side and the electrothermal converting element
[err] of the recording head is 30 selected by a switch [err] at device body
side. Thus, a diode cell [err] with a transistor construction is forwardly
biased, a current is supplied, and the electrothermal converting element
RH, generates a heat. Such a heat energy causes a state change of the
liquid, so that film boiling effect is caused and an air bubble is
generated and the liquid is discharged from the discharge port. In a manner
similar to the above, even in the case of driving the electrothermal
converting element RH2, 35 the switches [err] at the body side and [err]
are selectively turned on, a diode cell SH2 at recording head is driven,
and a current is supplied to the electrothermal converting element [err] A
method of manufacturing a semiconductor device according to still another
embodiment will now be described with reference to Fig. 6. [err] A silicon
oxide film having a thickness of about 5000 to 20000 A was formed by
thermal oxidization 40    onto the surface of an N type silicon substrate 1
having an impurity concentration of about 1 x 1012 to 1 



x [err] [err] A silicon oxide film to form an N type isolation buried
region 4 was eliminated by the wet etching. [err]  A silicon oxide film for
a countermeasure for a damage upon ion implantation was formed until a
thickness of about 100 to 3000 A. Impurities for N type conduction type
such as P, As, or the like were 45   ion implanted. The N type isolation
burried region 4 was formed by the heat diffusion (thickness: 5 to 20 [err]
Impurity concentration: 1 x [err] to 1 x [err] [err] Subsequently, an oxide
film of the region to form a P type collector buried region 3 was
eliminated. P type impurities, such as, B or the like were ion implanted
through an oxide film of a thickness of about 100 to 3000 A . The P type
collector buried region 3 was formed by the heat diffusion. A sheet so
resistance at this time was set to a high value of 1 [err] or more. A film
thickness was set to a value within a range from 10 to 20 [err] An impurity
concentration was set to 1 x [err]  or less. (The above processes
correspond to Fig. 6A) (5) The oxide film on the whole surface was
eliminated. An N type epitaxial silicon region 2 of an impurity
concentration of about 1 x [err] to 1 x [err] and a thickness of about 5 to
20 [err] was 55    epitaxially grown. [err] Then, a silicon oxide film of a
thickness of about 1000 to 10000 A was formed on the epitaxial region
surface. The oxide film of the region to form a P type collector region 5
was eliminated by the wet etching. P type impurities were ion implanted
through the silicone oxide film having a thickness of about    EP 0 378 439
B1 100 to 3000 A which had newly been formed. The P type collector region 5
was formed by the heat diffusion so as to reach a P type collector buried
region of an impurity concentration of about 1 x 1017 [err] (film
thickness: 5 to 10 [err]  A sheet resistance at this time was set to 1
[err] or more. [err] The region to form an N type isolation region 6 was
eliminated by the wet etching. A phosphorus 5    glass (PSG) film was
formed onto the whole surface, thereby implanting P ions into the epitaxial
region. The N type isolation region 6 of an impurity concentration of about
1 x [err] to 1 x [err] was formed by the heat diffusion until a thickness
of 1 am or less. (The above processes correspond to Fig. 6B) [err]
Subsequently, the oxide film of the cell region was eliminated by the wet
etching. A silicon film having a thickness of 100 to 3000 A was formed. A
resist was patterned. P type impurities were ion 10   implanted into only
the regions to form a P type emitter region 7 and a high concentration P
type collector region 9. The resist was eliminated. The regions to form a
high concentration N type base region 8 and a high concentration N type
isolation region 10 were eliminated by the wet etching. A PSG film was
formed onto the whole surface. P ions were implanted. The P type emitter
region 7, high concentration P type collector region 9, high concentration
N type base region 8, and high concentration 15    N type isolation region
10 were simultaneously formed (a film thickness of each of the regions was
set to 1 [err] or less and an impurity concentration was set to a value
within a range from 1 x [err] to 1 x [err] [err] respectively). [errr] The
silicon oxide film at the connecting position of each electrode was
eliminated. Pure [err] was deposited onto the whole surface. The surplus
[err] layers of the regions other than the electrodes were 20
eliminated. To raise the junction performance between At and silicone, the
alloy process was executed and the wiring portions were formed. An SiO2
film 101 was formed on the above regions by the sputtering process. (The
above processes correspond to Fig. 6C) A wiring 203 which is electrically
connected to the substrate 1 through the isolation region 4 was formed. An
SiO2 film 102 serving as a heat accumulation layer and an interlayer
insulative film was formed 25 onto the whole surface by the sputtering
process until a thickness of about 1.0 [err] (The above processes
correspond to Fig. 6D) Next, [err] of a thickness of about 1000 A was
deposited as a heat generation resistance layer 103. A pair of electrodes
104a and 104b of the electric/thermal converting element and Al wirings
serving as an anode electrode wiring 201 and a cathode electrode wiring 202
of the diode were deposited onto the heat 30  generation resistance layer
103 and patterned. After that, an SiO2 film 105 as a protective layer of
the electric/thermal converting element and as an insulative layer between
the Al wirings was deposited by the sputtering process. Contact holes were
formed. The cathode electrode wiring 202 was formed. A Ta layer of a
thickness of about 2000 A as a protective layer for the anti-cavitation was
deposited in the upper portion of the heat generating section of 35 the
electric/thermal converting element. Further, photo sensitive polyimide as
a protective layer was formed 



onto the SiO2 film 105 and cathode electrode wiring 202. (The above
processes correspond to Fig. 6F) A recording head as shown in Fig. 4A was
manufactured by arranging the liquid passage wall member and the top plate
to the substrate having the electric/thermal converting element and the
semiconductor element which had been formed as mentioned above. 40     With
respect to the recording head using the semiconductor device according to
the embodiment which was manufactured by the method described above, the
cells having a plurality of elements of Fig. 2B were connected like a
matrix and  the operation experiments were executed. Even when a current of
300 mA (total 2.4 A) was allowed to flow through each of eight
semiconductor diodes, the other diodes did not cause a malfunction and a
liquid droplet could be preferably discharged. 45     Although the
embodiment has been described with respect to the case where the diode has
been formed by the PNP transistor, the similar advantages can be also
obtained even in the case of using the NPN transistor. As described above,
according to the embodiment, a plurality of semiconductor elements each
having a high withstanding voltage and each of which is excellent In
electrical isolation performance every element 50 can be formed on the
single substrate. Therefore, for instance, in the circuit comprising the
semiconductor elements which were connected like a matrix, there is no need
to individually connect the elements from the outside and the number of
steps can be reduced. Thus, the number of failure occurrence positions can
be decreased and the high reliability can be assured. On the other hand,
according to the embodiment, the semiconductor element and the
electric/thermal 55 converting element which is driven by the semiconductor
element can be formed on the same substrate. Therefore, it is possible to
obtain the recording head in which the area of the circuit can be reduced,
the number of steps can be decreased, the reliability can be improved, and
a recording image of a high resolution can be formed. 7    EP 0 378 439 B1
The embodiment can be applied to semiconductor devices in various
application fields. For instance, the embodiment can be also applied as a
diode for a micro current. The embodiment can be also applied to a diode
for a large current. However, as large advances of embodiments of the
invention, there can be mentioned effects such that the semiconductor
device of the embodiment is excellent in a withstanding 5  voltage and can
be used by a large current. Therefore, the most typical advantages of the
embodiment can be obtained in the case where it is used as a device for a
large current. Further, in the case where a transistor is used as a
semiconductor element, a drive voltage is applied to an emitter, a base and
a collector are short-circuited, and an electric/thermal converting element
is connected, since no minority carrier enters between the base and
collector, the switching speed is high, the 10  rising speed is improved,
the parasitic effect is also lightened, a thermal energy suitable for a
liquid can be applied, and good discharge characteristics can be obtained.
[EMBODIMENT 2] 15     Fig. 7A shows a driving portion for driving the
recording head according to an embodiment of the present invention. In the
diagram, reference numeral 71 denotes a P type silicon substrate; 72 an N
type collector buried region constructing elements; 73 a P type isolation
buried region to separate the elements; 74 an N type epitaxial region; 75 a
P type base region constructing the elements; 76 a P type isolation region
to separate the elements; 77 an N type collector region constructing the
elements; 78 a P type base 20  region of a high concentration constructing
the elements; 79 a P type isolation region of a high concentration to
separate the elements; 80 an N type emitter region constructing the
elements; 81 an N type collector region of a high concentration
constructing the elements; 82 a collector/base common electrode; 83 an
emitter electrode; and 84 an isolation electrode. An NPN transistor is
formed by the N type collector buried region 72, P type base region 75, and
N type emitter region 80. The collector region is 25  formed so as to
completely surround the emitter region 80 and the base regions 75 and 78 by
the regions 72, 77, and 81. On the other hand, an isolation region is
formed as an element separating region by the P type isolation buried
region, P type isolation region 77, and high concentration P type isolation
region. A plurality of cells mentioned above are formed like a matrix. The
fundamental operation of the driving portion with the above construction as
an embodiment will now 30  be described. Fig. 7B is a circuit diagram
showing a circuit construction of the semiconductor device according to the
embodiment. In the embodiment, in Fig. 7A, the collector/base common
electrode 82 



corresponds to an anode of the diode and the emitter electrode 83
corresponds to a cathode of the diode. That is, by applying biases (VH1) of
positive potentials to the collector/base common electrode 82, the NPN
transistor in the cell is turned on and bias currents flow out of the
emitter electrode 83 as a collector current 35  and a base current. By
using the construction as in the embodiment, that is, the construction as
shown in Fig. 7B wherein the base and collector are shorted, high speed
switching is achieved, desired rising property is obtained, a variation
among the elements is eliminated and a stable construction is derived. For
the embodiment, further, by connecting the isolation electrode 84 to the
ground, the inflow of the charges to the other adjacent cell can be
prevented and the problem of the malfunction of the other bits can be 40
prevented. In the above semiconductor device, it is desirable to set a
concentration of the N type collector buried region 72 to a value of 1 x
[err] or more. On the other hand, it is desirable to set a concentration of
the base region 75 to a value within a range from 1 x [err] to 1 x [err].
Further, it is also preferable to reduce an area of the junction surface
between the high concentration base region 78 and the 45  electrode as
small as possible. This is because the generation of a leakage current
which flows from the NPN transistor to the ground (GND) through the P type
silicon substrate 71 and the isolation region 73, 74, 76 is prevented. The
reasons why the generation of such a leakage current is prevented will now
be described in detail hereinbelow with reference to Fig. 8. 50     Fig. 8
is a diagram showing an equivalent circuit of the semiconductor device
shown in Fig. 7A. In the diagram, Rd denotes an internal resistance of the
collector region (the region comprising the N type collector buried region
72, N type collector region 77, and high concentration N type collector
region 81) and [err] indicates an internal resistance of the base region
(the region comprising the P type base region 75 and high concentration P
type base region 78), respectively. [err] corresponds to an NPN transistor
which 55  is formed by the N type collector buried region 72, P type base
region 75, and N type emitter region 80. Further, [err]  indicates a PNP
transistor which is formed by the P type base region 75, N type collector
buried region 72, and P type silicone substrate 71. That is, [err]
represents a transistor structure which results in a cause of the leakage
current. 8    EP 0 378 439 B1 In the above circuit (namely, the driving
portion of the recording head), when the parasitic transistor T,2 is turned
on, most of the bias current leaks to the substrate 71 and flows out to the
GND through a collector and an emitter of the transistor T,2. In this case,
to obtain a necessary emitter current of the transistor [err] an extremely
large bias current is needed, so that an efficiency deteriorates, an
electric power consumption 5  increases, and costs of the power source also
rise. The following countermeasures are considered for the above problems.
[err] A base voltage of the transistor [err] is set to be higher than the
emitter voltage so as not to turn on the [err] [err]  To reduce the current
(leakage current) which flows out of the [err] a current amplification
factor [err] 10    of the [err] is set to a small value. The countermeasure
[err] will be first described. In Fig. 8, to Inhibit that the [err] is
turned on, BE (Tr2)                              . .   (1) must be
satisfied with respect to the voltage 20 [err] between the base and emitter
of the [err] 25     Now, [err] [err] 30 [err] Therefore, 35 [err] 



[err] 40 [err] [err] 45 Thus, to satisfy the equation (1), [err] 5o is
necessary. In other words, to inhibit that the T,2 is turned on, it is
necessary to set the resistance [err] of the base region to a value which
is [err] or more times as large as a resistance [err] of the collector
region. In order to satisfy the condition, in the semiconductor device
shown in Figs. 7A and 7B, the resistance [err] of the collector region is
reduced, for example, by increasing the concentration of the N type
collector buried region 72. Or, to increse the resistance (RB) of the base
region, for example, the concentration of the high 55  concentration P type
base region 78 is reduced or the area of the base region 78 is decreased.
The countermeasure [err] will now be described.    EP 0 378 439 B1 Even in
the case where the condition of the countermeasure [err] is not satisfied,
that is, even when [err] if [err] << 1, the leakage current to the P type
silicon substrate 71 can be suppressed. To set the current amplification
factor [err] of the transistor [err] to a small value, for instance, it is
sufficient to increase the concentration of the base region (N type
collector buried region 72) of the [err] 10     That is, the method whereby
the concentration of the N type collector buried region 72 is increased has
an effect for both of the countermeasures [err]. Due to the above reasons,
in the embodiment, the impurity concentration of the N type collector
buried region 72 was set to 1 x 1019 cm3 or more and, further, the impurity
concentration of the P type base region 75 was set to a value within a
range from 1 x [err] to 1 x [err] 15     Fig. 4A is a diagrammatical
perspective view showing an ink jet recording head according to the
embodiment. Fig. 9 is a diagrammatical cross sectional view taken along the
line E-E' in Fig. 4A showing the ink jet recording head having a drive
section of the semiconductor element mentioned above. Fig. 10 is a diagram
for explaining a method of driving the recording head shown in Fig. 9. 20
In the recording head 1100 of the embodiment, an SiO2 film 1101 which has
the above function element and is formed by the thermal oxidation is formed
on the substrate. An electric/thermal converting element which is formed by
a heat generation resistance layer 1103 made of HfB2 or the like and an
electrode 1104 made of At or the like is provided on a heat accumulation
layer 1102 comprising an SiO2 film or the like which is formed by a
sputtering process. Further, a protective film 1105 made of SiO2 or the 25
like and a protective film 1106 made of Ta or the like which are formed by
the sputtering process are provided on and over a heat generating portion
1110 of the electric/thermal converting element. The SiO2 film forming the
one heat accumulation layer 1102 of the two is formed integrally with an
interlayer insulative film 1102 between wirings 82, 83, 84 and wiring 1104
of the electrothermal converting element, second layer wiring, of the drive
section, lower wiring. 30     With respect to the protective layer 1105 as
well, the film is similarly formed integrally with an interlayer insulative
film 1105' between the second wiring 1104 and upper layer wiring 1111. A
protective layer 1107 made of an organic material such as photo sensitive
polyimide or the like is provided as an insulative film having an excellent
recording liquid resistance onto the wiring 1111 of the top portion in the
drive section. 35     Similar to the first embodiment, according to the
present embodiment, the recording head can be also constructed in a manner
such that a top plate with grooves, an orifice plate, and the like are
arranged to form the liquid passage and discharge port although they are
not shown. As mentioned above, different from the type in which the liquid
is discharged in the direction which is almost parallel with the heat
generating surface of the electric/thermal converting element as shown in
Fig. 4A, the recording head can 40  be also constructed in a manner such
that the liquid is discharged in the direction which crosses the heat
generating surface. The method of driving the recording head will now be
described in detail. Although only two cells have been shown in Fig. 10, a
proper number of, e.g., 128 elements as mentioned above are arranged and 



electrically connecting like a M x N matrix. 45     A method of driving
electrothermal resistor elements RH, and RH2 as two segments among N in the
one of M group will now be described. To drive the electrothermal
converting element [err] first, a desired group is selected by a switch
[err] at the apparatus body and the electrothermal converting element [err]
is selected by for example a switch [err] at the apparatus body. Thus, a
diode cell SH, with a transistor construction is forwardly biased, a
current is 50  supplied, and the electrothermal converting element [err] of
the recording head generates a heat. Such a heat energy causes a state
change of the liquid, so that film boiling effect is occured and an air
bubble is generated and the liquid is discharged from the discharge port.
In a manner similar to the above, even in the case of driving the
electrothermal converting element RH2, the switches [err] for example, at
apparatus body and S2 are selectively turned on, a diode cell [err] at 55
recording head is driven, and a current is supplied to the electrothermal
converting element RH2. When P type semiconductor substrate is used like
the embodiment, the isolation electrode 84 is maintained at ground
potential, thereby the substrate is maintained at the ground potential via
the isolation regions 73, 76, 79. Thus, each cell is isolated. 10    EP 0
378 439 B1 The structure also achieves the following advantageous effect.
When the structure is for use in the recording head, the substrate 71
itself is partially exposed to outside or exposed via the member of
conductive body. Thus, the operator is likely to touch the substrate 71.
Further, as shown in Fig. 4A, when a portion of the substrate 71 is
positioned in the vicinity of the 5  emission orifice, an ink and a powder
of paper likely adhere. In view of the respect, when P type substrate is
used and is maintained at ground potential, the adverse electrostatic
effect is prevented, so that the ink degrading and adhesion of foreign
matter like the paper powder are completely prevented. Further, even if the
operator touches the substrate, since it is at ground potential, there is
no adverse effect to him. The electrical element isolation function which
the recording head is required and electrostatic io  shielding function are
simultaneously obtained or satisfied. Manufacturing processes of the
recording head according to the embodiment will now be described with
respect to Fig. 11. [err] A silicon oxide film having a thickness of about
5000 to 20000 A was formed onto the surface of the P type silicon substrate
71 having an impurity cocentration of about 1 x 1012 to 1 x 1016 cm-3. 15
The silicon oxide film of the portion to form a collector buried region 72
of each cell was eliminated by a photolithography process. A silicon oxide
film for a countermeasure for a damage upon ion Implantation was formed
until a thickness of about 100 to 3000 A. N type impurities such as P. As,
or the like were ion implanted. The N type collector buried region 72
having an impurity concentration of 1 x [err] or more was formed 20    by
the heat diffusion until a thickness of 10 to 20 [err]  A sheet resistance
at this time was set to a low value of 30 [err] or less. Subsequently, the
oxide film of the region to form the P type isolation buried region 73 was
eliminated. An oxide film having a thickness of about 100 to 3000 A was
formed. P type impurities such as B or the like were ion implanted. The P
type isolation buried region 73 having an impurity 25    concentration of 1
x [err] to 1 x [err] was formed by the heat diffusion (Fig. 11 A). [err]
The oxide film on the whole surface was eliminated. The N type epitaxial
region 74 having an impurity concentration of about 1 x [err] to 1 x [err]
was epitaxially grown until a thickness of about 5 to 20 [err] (The above
processes correspond to Fig. 11 B). so    [err] Next, a silicon oxide film
having a thickness of about 100 to 300 A was formed onto the surface of the
N type epitaxial region. A resist was coated thereon and patterned. P type
impurities were ion implanted into only the region to form a low
concentration base region 75. The resist was eliminated. The low
concentration P type base region 75 having an impurity concentration of 1 x
[err] to 1 x [err] was formed by the heat diffusion until a thickness of 5
to 10 [err] 36       The oxide film on the whole surface was again
eliminated. Further, a silicon oxide film having a thickness of about 1000
to 10000 A was formed. The oxide film of the region to form the P type
isolation region 76 was eliminated. A BSG film (not shown) was deposited
onto the whole surface by using the 



CVD process. The P type isolation region 76 having an impurity
concentration of 1 x [err] to 1 x [err] [err] and a thickness of about 10
[err] was further formed by the heat diffusion so as to reach the P type 40
isolation buried region 73. [err]  The BSG film (not shown) was eliminated.
A silicon oxide film having a thickness of about 1000 to 10000 A was
formed. Further, the oxide film of only the region to form an N type
collector region 77 was eliminated. A PSG film was formed, thereby
implanting P+ ions. The N type collector region 77 was formed by the heat
diffusion so as to reach the collector buried region 72. A sheet resistance
at this time 45    was set to a low value of 10 [err] or less. On the other
hand, a thickness of the N type collector region 77 was set to about 10
[err] and an impurity concentration was set to a value of 1 x [err] to 1 x
[err]. Subsequently, the oxide film of the cell region was eliminated. A
silicon oxide film having a thickness of 100 to 3000 A was formed. A resist
was patterned. P type impurities were ion implanted into only the regions
to form a high concentration base region 78 and a high concentration
isolation region 79. The 50    resist was eliminated. The oxide film of the
regions to form an N type emitter region 80 and a high concentration N type
collector region 81 was eliminated. A PSG film was formed onto the whole
surface. N+ ions were implanted. The high concentration P type base region
78, high concentration P type isolation region 79, N type emitter region
80, and high concentration N type collector region 81 were simultaneously
formed by the heat diffusion. A thickness of each of the above regions was
set to 1.0 [err] 55    or less and an impurity concentration was set to a
value within a range from 1 x [err] to 1 x [err] (The above processes
correspond to Fig. 11 D). [err]  Fruther, the silicon oxide film at the
connecting position of each electrode was eliminated. A contact hole was
formed. Pure At was deposited onto the whole surface. AL of the regions
other than the 11    EP 0 378 439 B1 electrode regions was eliminated. To
raise the junction performance between [err] and silicon, the alloy process
was executed and the lower wiring portions 82, 83, 84 was formed (Fig. 11
E). [err] A heat accumulation layer and an [err] film 1102 serving as an
interlayer insulative film each having a thickness of about 1.0 [err] were
formed on the whole surface by the sputtering process. Through hole 5    H
is formed by etching for electrical connection between emitter and
base/collector (Fig. 11 F). Then, [err] of a thickness of about 1000 A was
deposited and patterned as the heat generation resistance layer 1103. A
pair of electrodes 1104, 1104' of the electrothermal converting element are
formed. And, for electrical connection between one electrode 1104 and
emitter electrode 83, Al is deposited by sputtering. And, by etching for
patterning each electrode and intermediate wiring, desired electrical 10
connection is obtained (Fig. 11 G). Next, the protective layer of the
electrothermal converting element and silicon oxide film 1105 serves as an
insulating layer between the intermediate wiring and upper wiring formed
thereon are deposited by sputtering. Next, through hole is formed at the
silicon oxide film 1105 by etching. Again, by AL deposition and 15
patterning, upper wiring 1111 connected to base/collector electrode 82 via
the intermediate At layer is formed. Thus, the isolation wiring is arranged
at lower layer. The emitter (cathode) wiring and wiring of the
electrothermal converting element are arranged at an intermediate
positions. Base/collector (anode) wiring is arranged at upper most
position. Three layer wiring structure wherein 20  each one is connected
via two holes (Fig. 11 H). Next, as a protective layer for anti cavitation,
Ta layer 1106 of about 2000 A is formed on the upper portion of the
electrothermal converting element. On the other portion, as the protective
layer, photo sensitive polyimide layer 1107 comprising organic material is
formed (Fig. 111). The recording head is manufactured by providing the
substrate having the electrothermal converting 25  element and the
semiconductor elements with the liquid path wall member 501 and the upper
board 502. With respect to the recording head using the semiconductor
device which was manufactured as mentioned above, the cells having a
plurality of semiconductor elements of Fig. 7B were connected like a matrix
and the operation experiments were executed. In the operation experiments,
eight semiconductor diodes were connected to one segment and a current of
300 mA (total 2.4 A) was allowed to flow through 30 each diode. However,
the other semiconductor diodes did not cause a malfunction and a liquid
droplet could be properly discharged. Embodiments of the invention can be
also applied to a PNP transistor 



construction. Fig. 12 is a diagrammatical perspective view of an ink jet
recording apparatus in which the recording head of an embodiment of the
invention is installed. 35     Means for conveying a recording paper 808 as
a recording medium comrpises a platen roller 804 and a shaft 806 to rotate
the platen roller in the direction indicated by an arrow A. An ink tank
integrated type head 818 is mounted on a carriage 814 which is guided by.
two guide shafts 810 and 812 and is reciprocated. The head 818 executes the
recording by discharging an ink while moving along the recording paper
surface. Reference numeral 816 denotes a flexible cable to transmit a drive
signal to drive the 40 electrothermal converting element of the recording
head and a bias signal to bias the semiconductor substrate and the
isolation regions. Fig. 13 shows the recording head 818. The head shown in
Fig. 4A is assembled in an ink tank 824. An electric connecting terminal
820 is arranged in the lower portion of the head 818. Reference numeral 822
denotes a plurality of discharge ports to discharge the ink. 46     The
carriage 814 will now be described with reference to Fig. 14. Reference
numeral 838 denotes a carriage side connecting terminal which is
electrically connected to the flexible cable and is coupled to the
connecting terminal 820 of the head 818. Each of the carriage side
connecting terminal 838 and the head side connecting terminal 820 includes
a contact to transmit the drive signal and a contact to transmit the bias
signal. so (Examples of experiments) The heads in the foregoing first and
second embodiments and the head as an example of the construction shown in
U.S.P. No. 4,429,321 which had been shown as a conventional example were 55
prepared. Each of the heads was driven by the drive signal of 300 mA and a
pulse width of 10 [err] and the dot deviations of the discharged ink
droplets were evaluated. The evaluating method is as follows. 12    EP 0
378 439 B1 First, drive pulses were input a hundred times and the ink
droplets were discharged from the same discharge port. The ink droplet
which is located at the relatively longest distance was selected from among
the ink droplets deposited onto the recording paper surface and such a
distance is set to a maximum deviation [err]  The head was continuously
driven for one hour and the maximum deviations [err]  were 5  respectively
calculated from the samples which were obtained in the states at the
initial stage, after 10 minutes, after 30 minutes, and after one hour. The
results are as follows. Initial stage   After 10 min.   After 30 min.
After 1 hour 10          First embodiment         85            85
95           95 Second embodiment        80            80            85
85 Conventional example    100           100           150           180
unit: um (where, all of the diameters of the dots deposited were 100 [err]
As mentioned above, according to the embodiments of the invention, even
when the heads were used for a long time, the discharge characteristics are
stable and a good image is obtained. On the other hand, according to the
conventional construction, although not so large problem occurs at the
initial stage, a 20 problem occurs when the head is used for a long time.
Although the reasons of them are complicated, since the switching
characteristics of the element are extremely good, the generation of micro
air bubbles in the ink decreases and a film boiling phenomenon of a good
controllability can be caused and is stable for a long time. As described
above, according to the embodiment, a plurality of semiconductor elements
each having a 25  high withstanding voltage and each of which is excellent
in electrical isolation performance every element can be formed on the
single substrate. Therefore, for instance, in the circuit comprising the
semiconductor elements which were connected like a matrix, there is no need
to individually connect the elements from the outside and the number of
steps can be reduced. Thus, the number of failure occurrence positions can
be decreased and the high reliability can be assured. 30     On the other
hand, according to the embodiment, the semiconductor element and the
electric/thermal converting element which is driven by the semiconductor
element can be formed on the same substrate. Therefore, it is possible to
obtain the recording head in which the area of the circuit can be reduced,
the 



number of steps can be decreased, the reliability can be improved, and a
recording image of a high resolution can be formed. 35     The embodiment
can be applied to semiconductor devices in various application fields. For
instance, the embodiment can be also applied as a diode for a micro
current. The embodiment can be also applied to a diode for a large current.
However, as large advantages of embodiments of the Invention, there can be
mentioned effects such that the semiconductor device of the embodiment is
excellent in a withstanding voltage and can be used by a large current.
Therefore, the most typical advantages of the embodiment can 40 be obtained
in the case where it is used as a device for a large current. Further, in
the case where a transistor is used as a semiconductor element, a drive
voltage is applied to an emitter, a base and a collector are
short-circuited, and an electric/thermal converting element is connected,
since no minority carrier enters between the base and collector, the
switching speed is high, the rising speed is improved, the parasitic effect
is also lightened, a thermal energy suitable for a liquid can be 45
applied, and good discharge characteristics can be obtained. Claims 1. An
ink jet recording head (100,818) comprising: 50        a discharge port
(500,822) for discharging ink; an electric/thermal converting element
(103,104,1103,1104) for generating thermal energy; and a transistor element
provided and connected for driving the electric/thermal converting element
(103,104,1103,1104); wherein the electric/thermal converting element
(103,104,1103,1104) and the transistor element are 55     formed on a
semiconductor substrate (1,71); characterised in that a base and a
collector of the transistor element are short-circuited and electrically
connected to the electric/thermal converting element (103,104,1103,1104).
13    First, drive pulses were input a hundred times and the ink droplets
were discharged from the same discharge port. The ink droplet which is
located at the relatively longest distance was selected from among the ink
droplets deposited onto the recording paper surface and such a distance is
set to a maximum deviation [err]  The head was continuously driven for one
hour and the maximum deviations [err] were 5  respectively calculated from
the samples which were obtained in the states at the initial stage, after
10 minutes, after 30 minutes, and after one hour. The results are as
follows. Initial stage   After 10 min.   After 30 min.   After 1 hour 10
First embodiment         85            85            95            95
Second embodiment        80            80            85            85
Conventional example    100           100           150           180 15
unit: [err] (where, all of the diameters of the dots deposited were 100
[err] As mentioned above, according to the embodiments of the invention,
even when the heads were used for a long time, the discharge
characteristics are stable and a good image is obtained. On the other hand,
according to the conventional construction, although not so large problem
occurs at the initial stage, a 20  problem occurs when the head is used for
a long time. Although the reasons of them are complicated, since the
switching characteristics of the element are extremely good, the generation
of micro air bubbles in the ink decreases and a film boiling phenomenon of
a good controllability can be caused and is stable for a long time. As
described above, according to the embodiment, a plurality of semiconductor
elements each having a 25  high withstanding voltage and each of which is
excellent in electrical isolation performance every element can be formed
on the single substrate. Therefore, for instance, in the circuit comprising
the semiconductor elements which were connected like a matrix, there is no
need to individually connect the elements from the outside and the number
of steps can be reduced. Thus, the number of failure occurrence positions
can be decreased and the high reliability can be assured. 30     On the
other hand, according to the embodiment, the semiconductor element and the
electric/thermal converting element which is driven by the semiconductor
element can be formed on the same substrate. Therefore, it is possible to
obtain the recording head in which the area of the circuit can be reduced,
the number of steps can be decreased, the reliability can be improved, and
a recording image of a high resolution can be formed. 



35     The embodiment can be applied to semiconductor devices in various
application fields. For instance, the embodiment can be also applied as a
diode for a micro current. The embodiment can be also applied to a diode
for a large current. However, as large advantages of embodiments of the
invention, there can be mentioned effects such that the semiconductor
device of the embodiment is excellent in a withstanding voltage and can be
used by a large current. Therefore, the most typical advantages of the
embodiment can 40  be obtained in the case where it is used as a device for
a large current. Further, in the case where a transistor is used as a
semiconductor element, a drive voltage is applied to an emitter, a base and
a collector are short-circuited, and an electric/thermal converting element
is connected, since no minority carrier enters between the base and
collector, the switching speed is high, the rising speed is improved, the
parasitic effect is also lightened, a thermal energy suitable for a liquid
can be 45  applied, and good discharge characteristics can be obtained.
Claims 1. An ink jet recording head (100,818) comprising: so         a
discharge port (500,822) for discharging ink; an electric/thermal
converting element (103,104,1103,1104) for generating thermal energy; and a
transistor element provided and connected for driving the electric/thermal
converting element (103,104,1103,1104); wherein the electric/thermal
converting element (103,104,1103,1104) and the transistor element are 55
formed on a semiconductor substrate (1,71); characterised in that a base
and a collector of the transistor element are short-circuited and
electrically connected to the electric/thermal converting element
(103,104,1103,1104). 13    EP 0 378 439 B1 2. An ink jet recording head
(100,818) comprising: a discharge port (500,822) for discharging Ink; an
electric/thermal converting element (103,104,1103,1104) for generating
thermal energy; and a transistor element provided and connected for driving
the electric/thermal converting element 5      (103,104,1103,1104); wherein
the electric/thermal converting element (103,104,1103,1104 and the
transistor element are formed on a semiconductor substrate (1,71);
characterised in that a base and a collector of the transistor element are
short-circuited and an emitter of the transistor 10     element is
electrically connected to the electric/thermal converting element
(103,104,1103,1104). 3. A head (100,818) according to claim 2, wherein said
transistor element includes: a collector region comprising an N type
semiconductor having an impurity concentration of 1 x [err] [err] or more;
and 15        a base region comprising a P type semiconductor having an
impurity concentration which lies within a range from 1 x [err] to 1 x
[err] 4. A head (100,818) according to claim 1 or 2, wherein said
transistor element is an NPN type transistor. 20  5. A head (100,818)
according to claim 1 or 2, wherein said transistor element is a PNP type
transistor. 6. A head (100,818) according to claim 1, wherein said
transistor element is formed in an epitaxial semiconductor region on an N
type semiconductor substrate (1). 25  7. A head (100,818) according to
claim 6, wherein the transistor element is surrounded by an N type
semiconductor isolation region (4.6,10). 8  A head (100,818) according to
claim 7, wherein the isolation region (4,6,10) is connected to a source of
positive potential. 30 9. A head (100,818) according to claim 6, wherein
said N type semiconductor substrate (1) has an impurity concentration which
lies within a range from 1 x [err]  to 1 x [err] 10. A head (100,818)
according to claim 2, wherein said transistor element is formed in an
epitaxial 35     semiconductor region formed on a P type semiconductor
substrate (71). 11. A head (100,818) according to claim 10, wherein the
transistor element is surrounded by a P type semiconductor isolation region
(73,76,79) connected to an earth potential. 



40  12. A head (100,818) according to claim 10, wherein said P type
semiconductor substrate (71) has an impurity concentration which lies
within a range from 1 x [err] to 1 x [err] 13. A head (100,818) according
to any preceding claim, wherein said electric/thermal converting element
(103,104,1103,1104) is formed as a thin film (104) on an insulative film
(102) on a semiconductor region 45     in which the transistor element is
formed. 14. A head (100,818) according to any preceding claim, wherein a
plurality of said electric/thermal converting elements (103,104,1103,1104)
and a plurality of said transistor elements are provided and connected like
a matrix. 50 15. A recording apparatus incorporating an ink jet head
according to any preceding claim. 16. An ink jet recording apparatus (802)
having a carriage (810,812,814) on which a recording head according to any
preceding claim is mounted and means (804,806) for conveying a recording
medium, 55         wherein said ink jet recording apparatus (802) has bias
means for biasing the semiconductor substrate of the recording head. 14
EP 0 378 439 B1 PatentansprUche 1. Tintenstrahl-Aufzeichnungskopf (100,
818) mit einer AusstoBoffnung (500, 822) zum AusstoBen von Tinte, 5
elnem elektrothermischen Wandlerelement (103, 104, 1103, 1104) zum Erzeugen
von Wirmeener- gie und einem Transistorelement, das zum Steuem des
elektrothermischen Wandlerelements (103, 104, 1103, 1104) vorgesehen und
angeschlossen let, wobel das elektrothermische Wandlerelement (103, 104,
1103, 1104) und das Transistorelement auf 10     elnem Halbleitersubstrat
(1, 71) ausgebildet sind, dadurch gekennzelchnet, daB eine Basis und ein
Kollektor des Transistorelements kurzgeschlossen und an des
elektrothermische Wandlerelement (103, 104, 1103, 1104) elektrisch
angeschiossen sind. 15  2. Tintenstrahl-Aufzeichnungskopf (100, 818) mit
einer Ausstogoffnung (500, 822) zum AusstoBen von Tinte, einem
elektrothermischen Wandlerelement (103, 104, 1103, 1104) zum Erzeugen von
Wgrmeener- gie und einem Transistorelement, das zum Steuern des
elektrothermischen Wandlerelements (103, 104, 20     1103, 1104) vorgesehen
und angeschlossen ist, wobei das elektrothermische Wandlerelement (103,
104, 1103, 1104) und des Transistorelement auf einem Halbleitersubstrat (1,
71) ausgebildet sind, dadurch gekennzelchnet, daB eine Basis und ein
Kollektor des Transistorelements kurzgeschlossen und ein Emitter des
Transi- 25     storelements an das elektrothermische Wandlerelement (103,
104, 1103, 1104) elektrisch angeschlos- sen lst. 3. Aufzeichnungskopf (100,
818) nach Anspruch 2, dadurch gekennzelchnet, daB des Transistorelement
elnen Kollektorbereich mit elnem n-Halbleiter mit einer
Storstellenkonzentration von 1 - 1019 cm-3 30     oder mehr und einen
Basisbereich mit einem p-Halbleiter mit einer Storstellenkonzentration
enthalt, die in einem Bereich von 1 * 1013 bis 1 * 1015 cm-3 liegt. 4.
Aufzeichnungskopf (100, 818) nach Anspruch 1 oder 2, dadurch
gekennzelchnet, daB des Transistor- 35     element ein npn-Transistor ist.
5. Aufzeichnungskopf (100, 818) nach Anspruch 1 oder 2, dadurch
gekennzelchnet, daB das Transistor- element ein pnp-Transistor ist. 40  6.
Aufzeichnungskopf (100, 818) nach Anspruch 1, dadurch gekennzelchnet, daB
das Transistorelement in elnem Epitaxie-Halbleiterbereich auf einem
n-Halbleitersubstrat (1) ausgebildet Wst. 7. Aufzeichnungskopf (100, 818)
nach Anspruch 6, dadurch gekennzelchnet, daB das Transistorelement von
einem n-Halbleiter-lsolationsbereich(4, 6, 10) umgeben ist. 46 



8. Aufzeichnungskopf (100, 818) nach Anspruch 7, dadurch gekennzelchnet,
daB der Isolationsbereich (4, 6, 10) an eine Quelle mit positivem Potential
angeschlossen ist. 9. Aufzeichnungskopf (100, 818) nach Anspruch 6, dadurch
gekennzelchnet, daB das n-Halbleitersub- 50     strat (1) elne
Stdrstellenkonzentration aufweist, die in einem Bereich von 1 * 1012 bis 1
* 1016 cm-3 liegt. 10. Aufzeichnungskopf (100, 818) nach Anspruch 2,
dadurch gekennzelchnet, daB das Transistorelement in einem
Epitaxie-Halbleiterbereich ausgebildet ist, der auf elnem
p-Halbleitersubstrat (71) ausgebildet 55     ist. 11. Aufzelchnungskopf
(100, 818) nach Anspruch 10, dadurch gekennzelchnet, daB das Transistorele-
ment von einem p-Halbleiter-lsolationsbereich (73, 76, 79) umgeben lst, der
mit Massepotential 15    EP 0 378 439 B1 verbunden ist. 12.
Aufzeichnungskopf (100, 818) nach Anspruch 10, dadurch gekennzelchnet, daB
das p-Halbleitersub- strat (71) eine St6rstellenkonzentration aufweist, die
in einem Bereich von 1 * 1012 bis 1 * 1016 cm-3 5      liegt. 13.
Aufzeichnungskopf (100, 818) nach einem vorangehenden Anspruch, dadurch
gekennzelchnet, daR das elektrothermische Wandlerelement (103, 104, 1103,
1104) als DUnnfilm (104) auf einem Isolations- film (102) auf einem
Halbleiterbereich ausgebildet ist, in dem das Transistorelement ausgebildet
ist. 10 14. Aufzeichnungskopf (100, 818) nach einem vorangehenden Anspruch,
dadurch gekennzelochnet, daB eine VieIzahl der elektrothermischen
Wandlerelemente (103, 104, 1103, 1104) und elne Vielzahl der
Transistorelemente vorgesehen und wie eine Matrix angeschlossen sind. 15
15. Aufzeichnungsvorrichtung, die einen Tintenstrahl-Aufzeichnungskopf nach
einem vorangehenden An- spruch enth~lt. 16.
Tintenstrahl-Aufzeichnungsvorrichtung (802) mit elnem Schlitten (810, 812,
814), auf dem ein Aufzeich- nungskopf nach einem vorangehenden Anspruch
aufgesetzt ist, und elner Vorrichtung (804, 806) zum 20     Transportieren
elnes Aufzeichnungsmediums, wobel die Tintenstrahl-Aufzeichnungsvorrichtung
(802) eine Vorspannungs-Elnrichtung zum Anle- gen elner Vorspannung an das
Halbleitersubstrat des Aufzeichnungskopfes aufweist. Revendlcatlons 25 1.
Une tte d'enregistrement a jet d'encre (100, 818) comprenant: un orifice
d'evacuation (500, 822) pour 6vacuer de l'encre; un element de conversion
6lectrique/thermique (103, 104, 1103, 1104) pour produire de l'energie
thermique; et 30        un element a transistor incorpore et connecte pour
attaquer l'el6ment de conversion electri- quelthermique (103, 104,
1103,1104); dans laquelle 1'6l6ment de conversion electriquelthermique
(103, 104, 1103, 1104) et l'6l6ment a transistor sont form6s sur un
substrat semiconducteur (1, 71); caracterisee en ce que 35        une base
et un collecteur de I6t16ment a transistor sont court-circuit6s et
connectes electriquement a l'element de conversion 6lectrique/thermique
(103, 104, 1103, 1104). 2. Une tote d'enregistrement a jet d'encre (100,
818) comprenant: un orifice d'evacuation (500, 822) pour evacuer de
l'encre; 40        un el6ment de conversion 6lectrique'thermique (103, 104,
1103, 1104) pour produire de l'6nergie thermique; et un element a
transistor incorpor6 et connecte pour attaquer l'lment de conversion
4lectri- KJ         que/thermique (103, 104, 1103, 1104); dans laquelle
l'element de conversion electrique/thermique (103, 104, 1103, 1104) et
l'el6ment a 45    transistor sont formds sur un substrat semiconducteur (1,
71); caracterisee en ce quo une base et un collecteur de 'l'6ment &
transistor sont court-circuites et un rmetteur de l'didment a transistor
est connecte 6lectriquement a l'element de conversion electriquelthermique
(103, 104, 



1103, 1104). 50 3. Une tote (100, 818) selon la revendication 2, dans
laquelle l'4lment & transistor comprend: une r6gion de collecteur
consistent en un semiconducteur de type N ayant une concentration en
lmpuretes de 1 x IO's cm-3 ou plus; et une region de base consistant en un
semiconducteur de type P ayant une concentration en 55     impuret6s qui
est comprise dans une plage allant de 1 x 10t3 a 1 x 1015 cm-3. 4. Une tote
(100, 818) selon la revendication 1 ou 2, dans laquelle l'6l6ment a
transistor est un transistor de type NPN.    EP O 378 439 B1 S. Une tote
(100, 818) selon la revendication 1 ou 2, dans laquelle l'MIement a
transistor eat un transistor de type PNP. 6. Une tete (100, 818) selon la
revendication 1, dans laquelle I'6l6ment h transistor est form6 dans une 5
region de semiconducteur epitaxial sur un substrat semiconducteur de type N
(1). 7. Une tete (100, 818) selon la revendication 6, dans laquelle
I'dlement h transistor est entour6 par une region d'isolation en
semiconducteur de type N (4, 6,10). 10 . Une tMte (100, 818) selon la
revendication 7, dans laquelle la region d'isolation (4, 6, 10) est
connectde a une source de potentiel positif. 9. Une tete (100, 818) selon
la revendication 6, dans laquelle le substrat semiconducteur de type N (1)
a une concentration en impuretes qui est comprise dans une plage allant de
1 x 1012 & 1 x 1016 cm-3. 15 10. Une tete (100, 818) selon la revendication
2, dans laquelle l'6lment A transistor est form6 dans une region de
semiconducteur 6pitaxial form6e sur un substrat semiconducteur de type P
(71). 11. Une tate (100, 818) selon la revendication 10, dans laquelle
I'eilment a transistor est entourd par une 20     region d'isolation en
semiconducteur de type P (73, 76, 79) qui est connectee & un potentiel de
masse. 12. Une tete (100, 818) selon la revendication 10, dans laquelle le
substrat semiconducteur de type P (71) a une concentration en impuret6s qui
est comprise dans une plage allant de 1 x 1012 a 1 x 1016 cm-3. 25 13. Une
tete (100, 818) selon l'une quelconque des revendications precddentes, dans
laquelle I'6l6ment de conversion 6lectriquelthermique (103, 104, 1103,
1104) est realise sous la forme d'une pellicule mince (104) sur une
pellicule isolante (102) sur une region de semiconducteur dans laquelle
I'6lment A transistor est forme. 3o  14. Une tete (100, 818) selon lune
quelconque des revendications pr6cedentes, dans laquelle un ensemble
d'6t6ments de conversion electrique/thermique (103, 104, 1103, 1104) et un
ensemble d'6t6ments a transistor sont incorpores et connectes A la manibre
d'une matrice. 15. Un appareil d'enregistrement comprenant une tote & jet
d'encre selon l'une quelconque des revendica- 35     ffons prec6dentes. 16.
Un appareil d'enregistrement & jet d'encre (802) comportant un chariot
(810, 812, 814) sur loquel est montee une t~te d'enregistrement selon l'une
quelconque des revendications pr~cedentes, et des moyens (804, 806) pour
transporter un support d'enregistrement, 40         cet appareil
d'enregistrement & jet d'encre (802) comportant des moyens de polarisation
pour polariser le substrat semiconducteur de la tete d'enregistrement. 45
50 55 17    


