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(54) FIRING ACTUATOR POWER SUPPLY SYSTEM

(57) A method and apparatus supply electrical cur-
rent to a firing actuator of a printhead die across a high
side switching transistor in a source follower arrange-

ment and supply a regulated voltage, that is no greater
than a concurrent voltage at a drain of the HSS transistor,
to a gate of the high side switching transistor.
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Description

BACKGROUND

[0001] Inkjet printers may utilize firing actuators, such
as resistor actuators or piezo actuators, on a printhead
to selectively eject printing fluid. Delivery of electrical
power to the firing actuators sometimes results in para-
sitic voltage losses which leads to significant variations
in the voltage delivered at the firing actuators which may
cause unreliable drop ejection. Although the application
of over energy to the firing actuators may address such
variations in the voltage delivered at the firing actuators,
over energy may reduce printer reliability, may create
performance limitations and may reduce printer design
flexibility.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002]

Figure 1 is a schematic illustration of an example
printing system including an inkjet firing actuator
power supply system.
Figure 2 is a schematic illustration of the inkjet firing
actuator power supply system of Figure 1.
Figure 3 is a flow diagram of an example method for
supplying power to an inkjet firing actuator.
Figure 4 is a circuit diagram of an example voltage
regulator of the inkjet firing actuator power supply
system of Figure 2.
Figure 5 is a circuit diagram of another example of
the printing system of Figure 1 including another ex-
ample of an inkjet firing actuator power supply sys-
tem.
Figure 6 is a circuit diagram of another example of
the printing system of Figure 1 including another ex-
ample of an inkjet firing actuator power supply sys-
tem.
Figure 7 is a circuit diagram of another example of
the printing system of Figure 1 including another ex-
ample of an inkjet firing actuator power supply sys-
tem.

DETAILED DESCRIPTION OF THE EXAMPLE EM-
BODIMENTS

[0003] Figure 1 schematically illustrates an example
printing system 20. Printing system 20 is configured to
selectively deliver drops 22 of fluid or liquid onto a print
media 24. Printing system 20 utilizes drop-on-demand
inkjet technology. As will be described hereafter, printing
system 20 comprises an inkjet firing actuator power sup-
ply system 60 (shown in Figure 2) that supplies electrical
power to the inkjet firing actuators with less voltage var-
iations for enhanced printer reliability, performance and
design flexibility.
[0004] Printing system 20 comprises media transport

30, printhead assembly or printing unit 32, fluid supply
34, carriage 36, controller 38, memory 40 and inkjet firing
actuator power supply system 42. Media transport 30
comprises a mechanism configured to transport or move
print media 24 relative to print unit 32. In one example,
print media 24 may comprise a web. In another example,
print media 24 may comprise individual sheets. In one
example to print media 24 may comprise a cellulose-
based material, such as paper. In another example print
media 24 may comprise other materials upon which ink
or other liquids are deposited. In one example, media
transport 30 may comprise a series of rollers and a platen
configured to support media 24 as the liquid is deposited
upon the print media 24. In another example, media
transport 30 may comprise a drum upon which media 24
is supported as the liquid is deposited upon medium 24.
[0005] Print unit 32 ejects droplets 22 onto a media 24.
Although one unit 32 is illustrated for ease of illustration,
printing system 20 may include a multitude of print units
32. Each print unit 32 comprises printhead 44 and fluid
supply 46. Printhead 44 comprises one or more cham-
bers 50, one or more nozzles 52 and an inkjet firing ac-
tuator 54. Each chamber 50 comprises a volume of fluid
connected to supply 46 to receive fluid from supply 46.
Each chamber 50 is located between and associated with
one or more nozzles 52 and actuator 54. The one or more
nozzles 52 each comprise small openings through which
fluid or liquid is ejected onto print media 24.
[0006] Actuator 54 comprises a firing actuator opposite
to chamber 50 which causes ink or other liquid to be
forcefully ejected or expelled in response to electrical cur-
rent passing across the actuator 54. Each chamber 50
of printhead 44 has a dedicated actuator 54. Each actu-
ator 54 is connected to electrodes provided by electrically
conductive traces. The supply of electrical power to the
electrically conductive traces and to each resistor is pro-
vided by firing inkjet resistor power supply system 60
(shown in Figure 2), wherein individual actuators 54 as-
sociated with individual nozzles 52 are selectively fired
in response to control signals from controller 38. In one
example, controller 38 actuates one or more switches,
such as thin-film transistors, to selectively control the
transmission of electrical power across each actuator 54.
[0007] In the example illustrated, actuator 54 compris-
es a thermal inkjet (TIJ) firing resistor. The transmission
of electrical power across actuator 54 heats actuator 54
to a sufficiently high temperature such that actuator 54
vaporizes fluid within chamber 50, creating a rapidly ex-
panding vapor bubble that forces droplet 22 out of nozzle
52. In another example, actuator 54 may comprise a pi-
ezocapacitive firing actuator, wherein the application of
a voltage across the piezo actuator results in a flexible
membrane changing shape or flexing to forcibly expel
the ink or liquid through nozzle 52. As will be described
hereafter, inkjet firing actuator power supply system 60
supplies power to each of actuators 54 (one of which is
shown) with less voltage variation, addressing the volt-
age variations that otherwise occur as a result of parasitic
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voltage losses.
[0008] Fluid supply 46 comprises an on-board volume,
container or reservoir containing fluid in close proximity
with printhead 44. Fluid supply 34 comprises a remote
or off axis volume, container or reservoir of fluid which is
applied to fluid supply 46 through one or more fluid con-
duits. In some examples, fluid supply 34 may be omitted,
wherein entire supply of liquid or fluid for printhead 44 is
provided by fluid reservoir 46. For example, in some ex-
amples, print unit 32 may comprise a print cartridge which
is replaceable or refillable when fluid from supply 46 has
been exhausted.
[0009] Carriage 36 comprise a mechanism configured
to linearly translate or scan print unit 32 relative to print
medium 24 and media transport 30. In some examples
where print unit 32 spans media transport 30 and media
24, such as with a page wide array printer, carriage 36
may be omitted.
[0010] Controller 38 comprises one or more process-
ing units configured to generate control signals directing
the operation of media transport 30, fluid supply 34, car-
riage 36 and actuator 54 of printhead 44. For purposes
of this application, the term "processing unit" shall mean
a presently developed or future developed processing
unit that executes sequences of instructions contained
in memory. Execution of the sequences of instructions
causes the processing unit to perform steps such as gen-
erating control signals. The instructions may be loaded
in a random access memory (RAM) for execution by the
processing unit from a read only memory (ROM), a mass
storage device, or some other persistent storage. In other
examples, hard wired circuitry may be used in place of
or in combination with software instructions to implement
the functions described. For example, controller 38 may
be embodied as part of one or more application-specific
integrated circuits (ASICs). Unless otherwise specifically
noted, the controller is not limited to any specific combi-
nation of hardware circuitry and software, nor to any par-
ticular source for the instructions executed by the
processing unit.
[0011] In the example illustrated, controller 38 carries
out or follows instructions 55 contained in memory 40. In
operation, controller 38 generates control signals to fluid
supply 34 to ensure that fluid supply 46 has sufficient
fluid for printing. In those examples in which fluid supply
34 is omitted, such control steps are also omitted. To
effectuate printing based upon image data 57 at least
temporarily stored in memory 40, controller 38 generates
control signals directing media transport 30 to position
media 24 relative to print unit 32. Controller 38 also gen-
erates control signals causing carriage 36 to scan print
unit 32 back and forth across print media 24. In those
examples in which print unit 32 sufficiently spans media
24 (such as with a page wide array), control of carriage
36 by controller 38 may be omitted. To deposit fluid onto
medium 24, controller 38 generates control signals se-
lectively heating actuator 54 opposite to selected nozzles
52 to eject or fire liquid onto media 24 to form the image

according to image data 57.
[0012] Figure 2 schematically illustrates firing inkjet
power supply system 42 in more detail. Firing inkjet power
supply system 60 supplies electrical power to each ac-
tuator 54 of printhead die 44. As noted above, the supply
of electric power to each actuator 54 is selectively con-
trolled in response to control signals from controller 38
(shown Figure 1) by one or more switches or transistors
(not shown in Figure 2). Inkjet firing actuator power supply
system 60 supplies power to each of actuators 54 (one
of which is shown) with less voltage variation, addressing
the voltage variations that otherwise occur as a result of
parasitic voltage losses. System 60 comprises power
supply 60, internal power supply path 62, high side
switching transistor 64 and voltage regulator 70.
[0013] Power supply 60 comprises a source of electri-
cal power for actuator 54. Power supply 60 may addition-
ally supply power other components of printing system
20. Internal power supply path 62 comprises electrically
conductive wiring, traces or the like for electrically con-
ducting or transmitting electrical power from power sup-
ply 60 to actuator 54. Internal power supply path 62 may
extend along a cable, a printed circuit board, a flexible
cable and/or integrated circuit power traces as it routes
electrical power from power supply 60 to actuator 54.
During such transmission, internal power supply path 62,
as well as other structures, may introduce parasitic volt-
age losses. As noted above, such parasitic voltage loss-
es may cause voltage variations along internal power
supply path 62.
[0014] High side switching (HSS) transistor 64 com-
prises transistor in a source follower arrangement. In par-
ticular, as shown by Figure 2, transistor 64 has a source
72 electrically connected to actuator 54, a drain 74 elec-
trically connected to internal power supply path 62 and
a gate 76 electrically connected to voltage regulator 70.
In other words, source 72 is in closer electrical proximity
to actuator 54 or drain 74 is in closer electrical proximity
to path 62. In a "source follower arrangement", the volt-
age seen at source 72 follows the voltage at gate 76.
[0015] According to one example, transistor 64 com-
prises a power field effect transistor, such as a MOSFET
transistor. According to one example, transistor 64 com-
prises a LDMOS transistor. In other examples, transistor
64 may comprise other forms of transistors which simi-
larly selectively transmit a voltage to actuator 54 which
follows the voltage presented at gate 76.
[0016] Voltage regulator 70 comprises an electrical cir-
cuit or other electrical voltage regulation device config-
ured or constructed to provide gate 76 of transistor 64
with a controlled voltage that is no greater than a con-
current voltage at drain 74. As a result, transistor 64 ab-
sorbs voltage fluctuations on the main power system rail
including voltage fluctuations of path 62. As a result, tran-
sistor 64 and voltage regulator 70 cooperate to deliver
constant energy to the one or more actuators 54. By de-
livering a more stable or uniform voltage to the inkjet firing
actuators 54, power supply 60 provides more uniform
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firing energy and reduces any over energy range seen
at actuator 54 to increase reliability and performance.
[0017] Moreover, in printing systems where motors
and other various mechanical systems utilize a voltage
different than the desired inkjet resistor firing voltage, the
cooperation of voltage regulator 70 and transistor 64 also
allows the resistor firing voltage to be isolated from those
voltages of the printing system 20 that are used to drive
such motors and mechanical systems of printing system
20. With a predictable stable voltage at each actuator 54
across all load conditions, printers may utilize appropriate
energetic settings that increase nozzle life and perform-
ance. By isolating the resistor firing voltage from those
voltages that drive other printing system components,
power supply 60 facilitates use of a mechanical system
voltage different from a target resistor firing voltage, en-
hancing printer design flexibility.
[0018] In the example illustrated, voltage regulator 70
provides a controlled voltage that is less than a minimum
system power supply voltage under maximum load. In
the example illustrated, voltage regulator 70 provides a
separate regulated voltage that is a several volts lower
than the voltage of a main power supply, power supply
60. In other examples, voltage regulator 70 may provide
other voltages to gate 76. In the example illustrated, volt-
age regulator 70 is implemented as part of the printhead
assembly at print unit 32. In other examples, both voltage
regulator may be implemented directly on printhead 44
or at other locations.
[0019] Figure 3 is a flow diagram illustrating a process
or method 100 utilized by printing system 20 (shown in
Figure 1) to deliver electrical power to the one or more
actuators 54. As indicated by step 102, power is supplied
to actuator 54 across a HSS transistor in a source follower
(SF) arrangement. In the example shown in Figure 2,
power is supplied to actuator 54, across transistor 64 in
a source follower arrangement. As indicated by step 104,
a controlled or regulated voltage is further supplied to the
high side switching transistor gate, wherein the controlled
or regulated voltage is no greater than the concurrent
voltage experience that the high side switching transistor
drain. In the example shown in Figure 2, voltage regular
70 supplied the controller regulated voltage to gate 76 of
transistor 64, wherein the regulator controlled voltages
no greater than the concurrent voltage seen that drain
74 of transistor 64.
[0020] Figure 4 is a circuit diagram of voltage regulator
170, one example of voltage regulator 70 that may be
employed in firing inkjet resistor power supply system
42. Like voltage regulator 70, voltage regulator 170 com-
prises an electrical circuit to provide gate 76 of transistor
64 (shown in Figure 2) with a controlled voltage that is
no greater than a concurrent voltage at drain 74. Voltage
regulator 170 comprises linear regulator 172, shunt reg-
ulator 173 and feedback resistors 174. Feedback resis-
tors 174 are connected to linear regular 172 and coop-
erate with linear regulator 172 and shunt regulator 173
such that the output voltage of regular 172 which is pro-

vided to gate 76 (shown in Figure 2) is less than a mini-
mum system supply voltage under maximum load. In the
example illustrated, linear regulator 172 comprises a
LM317 regulator commercially available from Texas In-
struments. Shunt regulator 173 comprises a TL431 shunt
regulator partially available from Texas Instruments. In
other examples, voltage regulator 170 may have other
configurations different than that shown in Figure 4.
[0021] Figure 5 schematically illustrates printing sys-
tem 220, an example of printing system 20. Printing sys-
tem 220 comprises media transport 30 (shown in Figure
1), printhead assembly or printing unit 232, fluid supply
34 (shown in Figure 1), carriage 36 (shown in Figure 1),
controller 38 including digital logic 222, memory 40
(shown in Figure 1) and firing inkjet resistor power supply
system 242. Print unit 232 is similar to print unit 32 (shown
and described with respect to Figure 1) in that print unit
232 includes fluid supply 46 (shown in Figure 1) and a
printhead die 244. As shown by Figure 5, printhead die
244 comprises a multitude of nozzles 52 (N1-NN) (sche-
matically shown) and associated firing actuators 54,
which are specifically illustrated as firing resistors R.
Each of firing actuators 54 receives electrical power from
firing inkjet resistor power supply system 242.
[0022] Firing inkjet resistor power supply system 242
is similar to system 42. Resistor power supply system
242 supplies electrical power to each of actuators 54 with
less variance in spite of the resistances 245 (functionally
represented by resistor symbology) along internal power
supply path 62 which may introduce parasitic voltage
losses. Resistor power supply system 242 comprises
power supply 60, an internal power supply path 62, high
side switching (HSS) transistors 64, voltage regulator 70,
level shifters 280 and clamp circuits 282. Power supply
60, path 62, transistor 64 and voltage regular 70 are each
described above respect to Figure 2.
[0023] Level shifters 280 are provided on die 244 and
serve as voltage translation mechanisms by which low
voltage digital logic 222 of controller 38 selectively ap-
plies a higher gate voltage to gate 76 of a transistor 64
to selectively fire the associated actuator 54 and associ-
ated nozzle 52. In particular, in response to receiving a
low voltage digital signal from digital logic 222, a level
shifter 280 supplies gate 64 (and clamp circuit 282) with
higher controlled or regulated voltage (VPPlogic) estab-
lished by regulator 70. Because transistor 64 is in a
source follower arrangement, the voltage seen at actu-
ator 54 corresponds to the regulator controlled VPPlogic
provided at gate 64 in response to actuation or switching
of level shifter 280.
[0024] Clamp circuits 282 are provided on die 244 for
each HSS transistor 64. Each clamp circuit 282 compris-
es diode connected devices which turn on in response
to the gate-to-source voltage becoming too high as the
source voltage pulls up to match the gate voltage (the
voltage at gate 76) (minus some diode voltage drops).
In other examples, clamp circuits 282 may have other
configurations or may be omitted.
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[0025] As shown by Figure 5, each firing actuator 54
on die 244 has a dedicated HSS transistor 64, a dedicat-
ed level shifter 280 and a dedicated clamp circuit 282.
Figure 6 is a circuit diagram illustrating printing system
320, another example of printing system 20. Unlike print-
ing system 220 which employs what is sometimes re-
ferred to as a full HSS system, printing system 320 em-
ploys what is referred to as a hybrid HSS system. The
hybrid HSS system of printing system 320 conserves val-
uable die space by facilitating the use of a single HSS
transistor for multiple firing actuators 54 and nozzles 22.
[0026] Figure 6 schematically illustrates printing sys-
tem 320, another example of printing system 20. Printing
system 320 comprises media transport 30 (shown in Fig-
ure 1), printhead assembly or printing unit 332, fluid sup-
ply 34 (shown in Figure 1), carriage 36 (shown in Figure
1), controller 38 including digital logic 222, memory 40
(shown in Figure 1) and firing inkjet resistor power supply
system 342. Print unit or printhead assembly 332 is sim-
ilar to print unit 32 (shown and described with respect to
Figure 1) in that print unit 232 includes fluid supply 46
(shown in Figure 1) and a printhead die 344. As shown
by Figure 6, printhead die 344 comprises a multitude of
nozzles 22 (schematically shown) and associated firing
actuators 54 (shown as firing resistors) arranged along
an ink slot 345 supplies ink or other liquid to actuators
54 and nozzles 22. Each of firing actuators 54 receives
electrical power from inkjet resistor power supply system
342.
[0027] Firing inkjet resistor power supply system 342
is similar to system 42. Resistor power supply system
342 supplies electrical power to each of actuators 54 with
less variance in spite of the resistances 345A, 345B,
345C and 345D along internal power supply path 62
which may introduce parasitic voltage losses. In partic-
ular, resistor 345A represents the resistance through a
cable to the printed circuit board. Resistor 345B repre-
sents resistance of the path 62 on the printed circuit
board. Resistor 345C represents resistance a path 62 on
a flexible circuit connecting the printed circuit board to
the die 344. Resistor 345D represents electrical resist-
ance of the routing (traces) on die 344 from the flexible
circuit to transistors 64. The electrical resistance of the
routing or traces on die 344 may vary depending upon
the location of the particular nozzle 52 and associated
actuator 54. For example, an actuator 54 located near
the middle of a printing slot 345 may experience higher
parasitic voltage drops than an actuator 54 located near
the ends of slot 345. Such printhead or die induced var-
iations may worsen as the printheads become smaller
and include fewer layers of metal to route power.
[0028] Inkjet firing actuator power supply system 342
comprises power supply 60, internal power supply path
62, high side switching (HSS) transistors 64, voltage reg-
ulator 70 and low side switching (LSS) transistors 380.
Power supply 60, path 62, transistors 64 and voltage reg-
ular 70 are each described above respect to Figure 2.
LSS transistors 380 each comprise a power field effect

transistor, such as a LDMOS transistor, having a source
382 connected to ground, a drain 384 electrically con-
nected to an end of actuator 54 and a gate 386 electrically
connected to nozzle drive logic and circuitry, digital logic
222. For ease of illustration, Figure 6 merely illustrates
a few of the electrical connections between digital logic
222 and a few of gates 386 of a few LSS transistors 380.
[0029] As shown by Figure 6, each nozzle 52 and as-
sociated actuator 54 has a dedicated LSS transistor 380.
Each LSS transistor 380 serves as a switching mecha-
nism to selectively fire its associated actuator 54 and
nozzle 52 in response to control signals from digital logic
222. Because inkjet firing actuator power supply system
342 includes LSS transistors 380 for selectively actuating
individual actuators 54, illustrated as firing resistors, and
nozzles 22, the HSS transistor 54 may be shared
amongst multiple nozzles 22 and actuators 54. According
to one example, a single HSS transistor is shared
amongst up to 12 nozzles 22 and actuators 54 (the set
of nozzles 22 and firing actuators 54 for sharing an HSS
transistor sometimes referred to as a primary). Because
LSS transistors 380 may be less space consuming and
less expensive as compared to HSS transistors 54, cost
and die space consumption are reduced.
[0030] Figure 7 the circuit diagram of printing system
420, an example of printing system 20 shown in Figure
1. Printing system 420 is similar to printing system 320
except that printing system 420 is additionally illustrated
as including an example level shifter 480 and an example
clamping circuit 482. Level shifter 480 is similar to level
shifter 280 described above. Level shifter 480 serves as
switching mechanisms by which digital logic 222 of con-
troller 38 (shown in Figure 6) selectively applies a gate
voltage to gate 76 of each transistor 64 when one of the
actuators 54 sharing transistor 64 and its associated noz-
zle 52 are to be fired. In particular, in response to receiv-
ing a low voltage digital signal from digital logic 222, a
level shifter 280 supplies gate 76 (and clamp circuit 482)
with higher controlled or regulated voltage (VPPlogic) es-
tablished by regulator 70. Because transistor 64 is in a
source follower arrangement, the voltage seen at actu-
ator 54 corresponds to the regulator controlled VPPlogic
provided at gate 76 in response to actuation or switching
of level shifter 280. Note that in the arrangement shown
in Figure 7, the supply of the voltage to gate 76 upon
actuation of level shifter 480 will not result in firing of the
actuator 54 and nozzle 52 (shown in Figure 6) until the
LSS transistor 380 is actuated or turned on. Note further
that although level shifter 480 is functionally represented
with a single transistor 483, as a high-voltage PMOS de-
vice, in the example illustrated, level shifter 480 includes
multiple high-voltage transistors, namely, two high volt-
age PMOS devices, two LDMOS transistors and digital
CMOS gates.
[0031] Clamp circuit 482 is provided on die 244 for each
HSS transistor 64. Each clamp circuit 282 comprises di-
ode connected devices which turn on in response to the
gate-to-source voltage becoming too high to limit the
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gate-source voltage as the voltage is pulled up to match
the gate voltage (the voltage at gate 76) (minus some
diode voltage drops). In other examples, clamp circuits
282 may have other configurations or may be omitted.
[0032] Because printing system 420 employs a LSS
transistor 384 for each firing actuator 54 and associated
nozzle 52, multiple nozzles 22 or primaries may share a
single HSS transistor 64. As a result, the nozzles 22 of
such primaries may also share a single level shifter 480
and a single clamping circuit 482. Consequently, addi-
tional cost and space are conserved.
[0033] Although the present disclosure has been de-
scribed with reference to example embodiments, work-
ers skilled in the art will recognize that changes may be
made in form and detail without departing from the spirit
and scope of the claimed subject matter. For example,
although different example embodiments may have been
described as including one or more features providing
one or more benefits, it is contemplated that the de-
scribed features may be interchanged with one another
or alternatively be combined with one another in the de-
scribed example embodiments or in other alternative em-
bodiments. Because the technology of the present dis-
closure is relatively complex, not all changes in the tech-
nology are foreseeable. The present disclosure de-
scribed with reference to the example embodiments and
set forth in the following claims is manifestly intended to
be as broad as possible. For example, unless specifically
otherwise noted, the claims reciting a single particular
element also encompass a plurality of such particular
elements.
[0034] Examples may relate to an apparatus compris-
ing: a first nozzle; a first firing actuator associated with
the first nozzle; and a firing actuator power supply system
comprising: an internal power supply path; a first high
side switching (HSS) transistor in a source follower ar-
rangement, the first HSS transistor having a drain elec-
trically connected to the internal power supply path and
a source electrically connected to a first end of the first
firing actuator; and a voltage regulator having an input
electrically connected to the internal power supply path
and an output electrically connected to a gate of the first
HSS transistor, the voltage regulator to provide the gate
of the first HSS transistor with a controlled voltage no
greater than a concurrent voltage at the drain.
[0035] The apparatus may be further comprising: a
second nozzle; a second firing actuator associated with
the second nozzle; a second HSS transistor in a source
follower arrangement, the second HSS transistor having
a drain electrically connected to the internal power supply
path and a source electrically connected to the second
firing actuator, wherein the output of the voltage regulator
is electrically connected to a gate of the second HSS
transistor, the second regulator to provide the gate of the
second transistor with a second controlled voltage no
greater than a second concurrent voltage at the drain of
the second HSS transistor.
[0036] The apparatus may be further comprising: noz-

zle drive logic and circuitry; and a level shifter to electri-
cally connect the output of the regulator to the gate of
the first HSS transistor under control of the novel drive
logic and circuitry.
[0037] The apparatus may be further comprising a noz-
zle drive logic and circuitry; a first low supply side (LSS)
transistor having a drain electrically connected to the first
firing actuator, a source connected to ground and a gate
electrically connected to the nozzle drive logic and cir-
cuitry.
[0038] The apparatus may be further comprising a sec-
ond nozzle; a second firing actuator associated with the
second nozzle, the second firing actuator having a first
end electrically connected to the source of the first HSS
transistor; and a second LSS transistor having a drain
electrically connected to a second end of the second firing
actuator, a source connected to ground and a gate elec-
trically connected to the nozzle drive logic and circuitry.
[0039] The apparatus may be further comprising: a
third nozzle; a third firing actuator associated with the
third nozzle; a fourth nozzle; a fourth firing actuator as-
sociated with the fourth nozzle; a second HSS transistor
in a source follower arrangement, the second HSS tran-
sistor having a drain electrically connected to the internal
power supply path, a source electrically connected to a
first end of the third firing actuator and a first end of the
fourth firing actuator and a gate electrically connected to
the output of the voltage regulator, the voltage regulator
to provide the gate of the second HSS transistor with a
controlled voltage no greater than a concurrent voltage
at the drain of the second HSS transistor; a third LSS
transistor having a drain electrically connected to a sec-
ond end of the third firing actuator, a source connected
to ground and a gate electrically connected to the nozzle
drive logic and circuitry; and a fourth LSS transistor hav-
ing a drain electrically connected to a second end of the
fourth firing actuator, a source connected to ground and
a gate electrically connected to the nozzle drive logic and
circuitry.
[0040] The apparatus may be further comprising: a
printhead die having a slot, wherein the first firing actuator
and second firing actuator are at a first end of the slot
and wherein the third firing actuator and the fourth firing
actuator are at a second end of the slot opposite the first
end.
[0041] The apparatus may be further comprising: a
clamp circuit having input electrically to the gate and a
source of the first transistor, the clamp circuit to limit a
voltage difference between the gate and the source of
the first transistor.
[0042] The apparatus may be further comprising a
printhead die carrying the first regulator. According to
examples, the first transistor may comprise a power field
effect transistor. According to examples, the controlled
voltage provided by the regulator may comprise an output
voltage less than a minimum system power supply volt-
age under maximum load.
[0043] According to examples, the first regulator may
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comprise: a linear regulator providing the input and the
output of the voltage regulator; and feedback resistors
connected to the linear regulator and configured to pro-
duce an output voltage less than a minimum system sup-
ply voltage under maximum load.
[0044] Examples may relate to a method comprising:
supplying electrical current to a firing actuator of a print-
head die across a high side switching transistor in a
source follower arrangement; and supplying a regulated
voltage, that is no greater than a concurrent voltage at a
drain of the HSS transistor, to a gate of the high side
switching transistor. The method may comprise: supply-
ing electrical current to a plurality of firing actuators of a
printhead die across the high side switching transistor;
and selectively firing the plurality of firing actuators using
a low supply side transistor.
[0045] Examples may relate to a power supply system
for a liquid firing actuator, the power supply system com-
prising: an internal power supply path; a high side switch-
ing (HSS) transistor in a source follower arrangement,
the HSS transistor comprising a power field effect tran-
sistor having a drain electrically connected to the internal
power supply path and a source to be electrically con-
nected to an end of the liquid firing actuator; and a voltage
regulator having an input electrically connected to the
internal power supply path and an output electrically con-
nected to a gate of the HSS transistor, the voltage reg-
ulator to produce an output voltage less than a minimum
system supply voltage under maximum load.
[0046] Examples may relate to an apparatus compris-
ing: a first nozzle; a first firing actuator associated with
the first nozzle; and a firing actuator power supply system
comprising: an internal power supply path; a first high
side switching, HSS, transistor in a source follower ar-
rangement, the first HSS transistor having a drain elec-
trically connected to the internal power supply path and
a source electrically connected to a first end of the first
firing actuator, wherein the first transistor comprises a
power field effect transistor; and a voltage regulator hav-
ing an input electrically connected to the internal power
supply path and an output electrically connected to a gate
of the first HSS transistor, the voltage regulator to provide
the gate of the first HSS transistor with a controlled volt-
age no greater than a concurrent voltage at the drain.
[0047] Examples may relate to an apparatus compris-
ing: a first nozzle; a first firing actuator associated with
the first nozzle; and a firing actuator power supply system
comprising: an internal power supply path; a first high
side switching, HSS, transistor in a source follower ar-
rangement, the first HSS transistor having a drain elec-
trically connected to the internal power supply path and
a source electrically connected to a first end of the first
firing actuator; and a voltage regulator having an input
electrically connected to the internal power supply path
and an output electrically connected to a gate of the first
HSS transistor, the voltage regulator to provide the gate
of the first HSS transistor with a controlled voltage no
greater than a concurrent voltage at the drain, wherein

the controlled voltage provided by the regulator compris-
es an output voltage less than a minimum system power
supply voltage under maximum load.
[0048] Examples may relate to an apparatus in which
the first transistor comprises a power field effect transis-
tor and in which the controlled voltage provided by the
regulator comprises an output voltage less than a mini-
mum system power supply voltage under maximum load.
[0049] In examples, the first regulator may comprise:
a linear regulator providing the input and the output of
the voltage regulator; and feedback resistors connected
to the linear regulator and configured to produce an out-
put voltage less than a minimum system supply voltage
under maximum load.
[0050] In examples, the voltage regulator comprises a
shunt regulator to cooperate with the feedback resistors
so that the voltage provided to the gate is less than a
minimum system supply voltage under maximum load.
[0051] In examples, the apparatus may comprise a
printhead die carrying the first regulator.
[0052] In examples, the regulator may be part of a print
unit.
[0053] In examples, the apparatus may comprise: a
nozzle drive logic and circuitry; and a first low supply side,
LSS, transistor having a drain electrically connected to
the first firing actuator, a source connected to ground and
a gate electrically connected to the nozzle drive logic and
circuitry.
[0054] In examples, the apparatus may comprise: a
second nozzle; a second firing actuator associated with
the second nozzle, the second firing actuator having a
first end electrically connected to the source of the first
HSS transistor; and a second LSS transistor having a
drain electrically connected to a second end of the sec-
ond firing actuator, a source connected to ground and a
gate electrically connected to the nozzle drive logic and
circuitry.
[0055] The clamp circuit may comprise diode connect-
ed devices configured to turn on in response to the in-
crease of the gate-to-source voltage.
[0056] Examples may relate to a method supplying
electrical current to a firing actuator of a printhead die
across a high side switching, HSS, transistor in a source
follower arrangement; and supplying a regulated voltage,
that is no greater than a concurrent voltage at a drain of
the HSS transistor, to a gate of the HSS transistor.
[0057] The method may comprise: supplying electrical
current to a plurality of firing actuators of a printhead die
across the HSS transistor; and selectively firing the plu-
rality of firing actuators using a low supply side, LSS,
transistor.
[0058] In examples, the regulated voltage is no greater
than a concurrent voltage at the drain.

Claims

1. An apparatus (20, 320, 420) comprising:
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a first nozzle (52);
a first firing actuator (54) associated with the first
nozzle (52); and
a firing actuator power supply system (42, 242)
comprising:

an internal power supply path (62);
a first high side switching, HSS, transistor
(64) in a source follower arrangement, the
first HSS transistor (64) having a drain (74)
electrically connected to the internal power
supply path (62) and a source (72) electri-
cally connected to a first end of the first firing
actuator (54), wherein the first transistor
(64) comprises a power field effect transis-
tor; and
a voltage regulator (70, 170) having an input
electrically connected to the internal power
supply path (62) and an output electrically
connected to a gate (76) of the first HSS
transistor (64), the voltage regulator (70,
170) to provide the gate (76) of the first HSS
transistor (64) with a controlled voltage no
greater than a concurrent voltage at the
drain (74).

2. An apparatus (20, 320, 420) comprising:

a first nozzle (52);
a first firing actuator (54) associated with the first
nozzle (52); and
a firing actuator power supply system (42, 242)
comprising:

an internal power supply path (62);
a first high side switching, HSS, transistor
(64) in a source follower arrangement, the
first HSS transistor (64) having a drain (74)
electrically connected to the internal power
supply path (62) and a source (72) electri-
cally connected to a first end of the first firing
actuator (54); and
a voltage regulator (70, 170) having an input
electrically connected to the internal power
supply path (62) and an output electrically
connected to a gate (76) of the first HSS
transistor (64), the voltage regulator (70,
170) to provide the gate (76) of the first HSS
transistor (64) with a controlled voltage no
greater than a concurrent voltage at the
drain (74),

wherein the controlled voltage provided by the
regulator comprises an output voltage less than
a minimum system power supply voltage under
maximum load.

3. An apparatus according to both claims 1 and 2.

4. The apparatus of claim 1 or 2 or 3, wherein the first
regulator (70, 170) comprises:

a linear regulator (172) providing the input and
the output of the voltage regulator (70, 170); and
feedback resistors (174) connected to the linear
regulator (172) and configured to produce an
output voltage less than a minimum system sup-
ply voltage under maximum load.

5. The apparatus of claim 4, wherein the voltage reg-
ulator (70, 170) comprises a shunt regulator (173)
to cooperate with the feedback resistors (174) so
that the voltage provided to the gate (76) is less than
a minimum system supply voltage under maximum
load.

6. The apparatus of any of the preceding claims, further
comprising a printhead die carrying the first regula-
tor.

7. The apparatus of any of claims 1-5, wherein the reg-
ulator (70, 170) is part of a print unit (32).

8. The apparatus of any of the preceding claims, further
comprising:

a nozzle drive logic and circuitry (222); and
a first low supply side, LSS, transistor (380) hav-
ing a drain (384) electrically connected to the
first firing actuator (54), a source (382) connect-
ed to ground and a gate (386) electrically con-
nected to the nozzle drive logic and circuitry
(222).

9. The apparatus of any of preceding claims, further
comprising:

a second nozzle (52);
a second firing actuator (54) associated with the
second nozzle (52), the second firing actuator
(54) having a first end electrically connected to
the source (72) of the first HSS transistor (64);
and
a second LSS transistor (380) having a drain
(384) electrically connected to a second end of
the second firing actuator (54), a source (382)
connected to ground and a gate (386) electrical-
ly connected to the nozzle drive logic and cir-
cuitry (222).

10. The apparatus of any of the preceding claims, where-
in the internal power supply path (62) extends along
at least one of a cable, a printed circuit board, a flex-
ible cable, and/or integrated circuit power traces as
it routes electrical power from power supply (60) to
actuator (54).
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11. The apparatus of any of the preceding claims, further
comprising a clamp circuit (282, 482) having input
electrically to the gate (76) and a source (72) of the
first transistor (64), the clamp circuit (282, 482) to
limit a voltage difference between the gate (76) and
the source (72) of the first transistor (64).

12. The apparatus of claim 11, wherein the clamp circuit
(282, 482) comprises diode connected devices con-
figured to turn on in response to the increase of the
gate-to-source voltage.

13. A method (100) comprising:

(102) supplying electrical current to a firing ac-
tuator (54) of a printhead die (44, 244, 344)
across a high side switching, HSS, transistor
(64) in a source follower arrangement; and
(104) supplying a regulated voltage, that is no
greater than a concurrent voltage at a drain (74)
of the HSS transistor (64), to a gate (76) of the
HSS transistor (64).

14. The method of claim 13 comprising:

supplying electrical current to a plurality of firing
actuators (54) of a printhead die (44, 244, 344)
across the HSS transistor (64); and
selectively firing the plurality of firing actuators
(54) using a low supply side, LSS, transistor
(380).

15. The method of claim 13 or 14, wherein the regulated
voltage is no greater than a concurrent voltage at
the drain (74).
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