
1 CIRCUIT AND METHOD FOR FAST SWITCHING OF A CURRENT MIRROR WITH LARGE
MOSFET SIZE Field of the Invention [0001] The present invention generally
relates to electronic circuits for DC power  supplies that require fast
switching current mirrors, and more particularly to a fast  switching
current mirror circuit with a large size MOSFET and a method for fast
switching  the current mirror circuit, and further to electronic devices
having such circuits. Background of the Invention [0002] Switch-mode
regulators are widely used to supply power to electronic  devices such as
portable devices (e.g., PDA, MP3 player), computers, printers,
telecommunication equipment, and other devices. Such switch-mode regulators
are  available in variety of configurations for producing the desired
output voltage or current  from a source voltage to power a load such as
microprocessors of portable devices. The  drive circuit is a current
mirror, mirroring a fixed current, which is N times from a  reference
current. [0003] FIG 1 shows the schematic diagram of a simple current
mirror circuit that  has a large PFET providing a large output current of
50mA at MO to power a load. When  CLK =0, the gate voltage of MO is pulled
high (up to VCC) to switch off the output current  lo. When CLK=1, the gate
of MO is connected to the biasing voltage of M1. Because the  size of MO is
of large width, there is a large current to be sunk before the voltage of
the  gate terminal of MO reaches the biasing voltage of Ml. Here, M1 is
sized about 1/100 of  MO so that the sink current of M4 is large enough to
pull down the gate of MO to the biased  voltage to match the switching
frequency of the clock. If the sink current is not large  enough, the gate
voltage will require more time to reach the biased voltage. However, this
design consumes much space and current. [0004] FIG 2 shows the schematic
diagram of another current mirror circuit that is  similar to the one shown
in FIG 1. This circuit comprises a buffer amplifier and a smaller  sink
transistor. The buffer amplifier limits the current discharged from the
gate terminal of 2 MO when the CLK =1. Thus, the current sink flowing
through M4 is reduced from 500A  



to 50A, which is ten times less than the current sink of FIG 1. However,
the buffer  amplifier requires space and biasing current. [0005] With
progressing miniaturization of electronic devices and increasing speed  of
operation, there is an imperative need for a current circuit with less
space, less power  consumption and fast switching speed so that it is
suitable for being employed in switching  regulators. Summary of the
Invention [0006] In one embodiment of the present invention, there is
provided a fast  switching current mirror circuit for providing a
fast-switched large current. In the  embodiment, the fast switching current
mirror comprises an output transistor that is a large  size to source a
large current output; a current source configured to provide a mirrored
current as a reference bias current to the output transistor; a first
current mirror electrically  coupled to the gate terminal of the output
transistor, wherein the first current mirror is so  configured that it
provides the biasing voltage to the gate terminal of the output transistor;
a feedback sub-circuit electrically coupled to the first current mirror,
wherein the feedback  sub-circuit is so configured that it will receive the
feedback signal from the first current  mirror to sink the current from the
gate terminal of the output transistor; and a second  current mirror
electrically coupled to the output transistor, the current source, the
first  current mirror, and the feedback sub-circuit, wherein the second
current mirror is so  configured that it provides the current source to the
output transistor and sinks the residual  current from the gate terminal of
the output transistor when its gate terminal is at the  biasing voltage. In
another embodiment, the fast switching current mirror circuit further
comprises a first and a second clock switches for controlling the gate
voltages of the output  transistor. [0007] In another embodiment of the
fast switching current mirror circuit, the  output transistor is a PFET,
wherein its source terminal is electrically coupled to a power  supply, and
its drain terminal to an input of the output current; wherein the first
clock  switch is electrically disposed between the power supply and the
gate terminal of the  output transistor; when the first clock switch is on,
the output transistor is turned off for its 3 gate voltage is pulled up to
the power supply; and wherein the second clock switch is  



electrically disposed between the first current mirror and the gate
terminal of the output  transistor; when the second clock switch is on, the
output transistor is turned on for its gate  voltage is pulled down to the
biasing voltage of the first current mirror; whereby the first  and second
clock switches form a complementary switch pair, i.e., whenever the first
(second) is open, the second (first) is closed. [0008] In another
embodiment of the fast switching current mirror circuit, wherein  the first
current mirror comprises a biasing transistor and a feedback transistor;
wherein the  biasing transistor and feedback transistor are PFET; wherein
the source terminals of both  transistors are electrically coupled to the
power supply, the gate terminals to each other, the  drain terminals to the
second current mirror; and wherein the drain and gate terminals of  the
biasing transistor are electrically connected so that when the second
switch is on, the  pulled-up biasing voltage at the drain terminal of the
biasing transistor will turn off the  feedback transistor that in turn
turns on the feedback sub-circuit to sink the current and pull  down the
biasing voltage. [0009] In another embodiment of the fast switching current
mirror circuit, the  feedback sub-circuit comprises a draining transistor
that is an NMOS, and an inverter;  wherein the inverter is electrically
coupled to the drain terminal of the feedback transistor  and the gate
terminal of the draining transistor; the draining terminal of the draining
transistor is electrically coupled to the biasing voltage; and the source
terminal to the  ground; and wherein, when the second clock switch is on,
the feedback transistor is turned  off, then the low input of the inverter
will turn on the draining transistor until the biasing  voltage is pulled
down enough to turn on the feedback transistor again. [0010] In another
embodiment of the fast switching current mirror circuit, the  second
current mirror comprises a first NMOS, a second NMOS, and a third NMOS
forming a current mirror; wherein, for the first NMOS, its drain terminal
is electrically  coupled to the current source, its source terminal to the
ground, and its gate terminal to the  gate terminals of the second and
third NMOSs; the drain and gate terminals of the first  NMOS are
electrically connected, forming a diode configuration; wherein, for the
second  NMOS, its drain terminal is electrically coupled to the drain
terminal of the feedback  transistor, and its source terminal to the
ground; and wherein, for the third NMOS, its drain  terminal is
electrically coupled to the drain terminal of the biasing transistor, its
source 



4 terminal to the ground for draining any current from the gate terminal of
the output  transistor. [0011] In another embodiment of the present
invention, there is provided a  switching regulator for providing a
fast-switched large current to a load. In the  embodiment, the switching
regulator comprises a means for channeling a fast-switched  large current
to the load; and a fast switching current mirror circuit for providing the
fast- switched large current; wherein the fast switching current mirror
circuit is electrically  coupled to a clock control and the means for
channeling so that, when the circuit receives  the clock control signals,
it will provide the means for channeling with the fast-switched  large
current; wherein the fast switching current mirror circuit comprises: an
output  transistor that is a large size to source a large current output; a
current source for providing  a mirrored current as a reference bias
current to the output transistor; a first current mirror  electrically
coupled to the gate terminal of the output transistor, wherein the first
current  mirror is so configured that it provides the biasing voltage to
the gate terminal of the output  transistor; a feedback sub-circuit
electrically coupled to the first current mirror, wherein the  feedback
sub-circuit is so configured that it will receive the feedback signal from
the first  current mirror to sink the current from the gate terminal of the
output transistor; and a  second current mirror electrically coupled to the
output transistor, the current source, the  first current mirror, and the
feedback sub-circuit, wherein the second current mirror is so  configured
that it provides the current source to the output transistor and sinks the
residual  current from the gate terminal of the output transistor when its
gate terminal is at the  biasing voltage. In another embodiment, the
switching regulator further comprises a first  and a second clock switches
for controlling the gate voltages of the output transistor. [0012] In
another embodiment of the switching regulator, the output transistor is a
PFET, wherein its source terminal is electrically coupled to a power
supply, and its drain  terminal to an input of the output current; wherein
the first clock switch is electrically  disposed between the power supply
and the gate terminal of the output transistor; when the  first clock
switch is on, the output transistor is turned off for its gate voltage is
pulled up to  the power supply; and wherein the second clock switch is
electrically disposed between the  first current mirror and the gate
terminal of the output transistor; when the second clock  



switch is on, the output transistor is turned on for its gate voltage is
pulled down to the  biasing voltage of the first current mirror; whereby
the first and second clock switches 5 form a complementary switch pair,
i.e., whenever the first (second) is open, the second  (first) is closed.
[0013] In another embodiment of the switching regulator, the first current
mirror  comprises a biasing transistor and a feedback transistor; wherein
the biasing transistor and  feedback transistor are PFET; wherein the
source terminals of both transistors are  electrically coupled to the power
supply, the gate terminals to each other, the drain  terminals to the
second current mirror; and wherein the drain and gate terminals of the
biasing transistor are electrically connected so that when the second
switch is on, the  pulled-up biasing voltage at the drain terminal of the
biasing transistor will turn off the  feedback transistor that in turn
turns on the feedback sub-circuit to sink the current and pull  down the
biasing voltage. [0014] In another embodiment of the switching regulator,
the feedback sub-circuit  comprises a draining transistor that is an NMOS,
and an inverter; wherein the inverter is  electrically coupled to the drain
terminal of the feedback transistor and the gate terminal of  the draining
transistor; the draining terminal of the draining transistor is
electrically  coupled to the biasing voltage; and the source terminal to
the ground; and wherein, when  the second clock switch is on, the feedback
transistor is turned off, then the low input of  the inverter will turn on
the draining transistor until the biasing voltage is pulled down  enough to
turn on the feedback transistor again. [0015] In another embodiment of the
switching regulator, the second current mirror  comprises a first NMOS, a
second NMOS, and a third NMOS forming a current mirror;  wherein, for the
first NMOS, its drain terminal is electrically coupled to the current
source,  its source terminal to the ground, and its gate terminal to the
gate terminals of the second  and third NMOSs; the drain and gate terminals
of the first NMOS are electrically  connected, forming a diode
configuration; wherein, for the second NMOS, its drain  terminal is
electrically coupled to the drain terminal of the feedback transistor, and
its  source terminal to the ground; and wherein, for the third NMOS, its
drain terminal is  electrically coupled to the drain terminal of the
biasing transistor, its source terminal to the  



ground for draining any current from the gate terminal of the output
transistor. [0016] In another embodiment of the present invention, there is
provided a method  for fast switching of a current mirror so as to provide
a fast-switched large current to a  load. In the embodiment, the method
comprises turning off an output transistor that is a 6 large size to source
a large current output by electrically coupling the gate terminal to a
power supply and disconnecting the gate terminal from a fast switching
circuit; and turning  on the output transistor by electrically coupling the
gate terminal of the output transistor to  the fast switching circuit and
disconnecting the gate terminal from the power supply;  wherein the fast
switching circuit comprises a current source for providing a mirrored
current as a reference bias current to the output transistor; a first
current mirror electrically  coupled to the gate terminal of the output
transistor when the output transistor is turned on,  wherein the first
current mirror is so configured that it provides the biasing voltage to the
gate terminal of the output transistor; a feedback sub-circuit electrically
coupled to the first  current mirror, wherein the feedback sub-circuit is
so configured that it will receive a  feedback signal from the first
current mirror to sink the current from the gate terminal of  the output
transistor; and a second current mirror electrically coupled to the output
transistor, the current source, the first current mirror, and the feedback
sub-circuit, wherein  the second current mirror is so configured that it
provides the current source to the output  transistor and sinks the
residual current from the gate terminal of the output transistor when  its
gate terminal is at the biasing voltage. [0017] In another embodiment of
the method, the first current mirror comprises a  biasing transistor and a
feedback transistor; wherein the biasing transistor and feedback
transistor are PFET; wherein the source terminals of both transistors are
electrically  coupled to the power supply, the gate terminals to each
other, the drain terminals to the  second current mirror; and wherein the
drain and gate terminals of the biasing transistor are  electrically
connected so that the pulled-up biasing voltage at the drain terminal of
the  biasing transistor will turn off the feedback transistor that in turn
turns on the feedback  sub-circuit to sink the current and pull down the
biasing voltage. [0018] In another embodiment of the method, the feedback
sub-circuit comprises a  draining transistor that is an NMOS, and an
inverter; wherein the inverter is electrically  



coupled to the drain terminal of the feedback transistor and the gate
terminal of the  draining transistor; the draining terminal of the draining
transistor is electrically coupled to  the biasing voltage; and the source
terminal to the ground; and wherein, when the feedback  transistor is
turned off, then the low input of the inverter will turn on the draining
transistor  until the biasing voltage is pulled down enough to turn on the
feedback transistor again. 7 [0019] In another embodiment of the method,
the second current mirror comprises  a first NMOS, a second NMOS, and a
third NMOS forming a current mirror; wherein, for  the first NMOS, its
drain terminal is electrically coupled to the current source, its source
terminal to the ground, and its gate terminal to the gate terminals of the
second and third  NMOSs; the drain and gate terminals of the first NMOS are
electrically connected, forming  a diode configuration; wherein, for the
second NMOS, its drain terminal is electrically  coupled to the drain
terminal of the feedback transistor, and its source terminal to the
ground; and wherein, for the third NMOS, its drain terminal is electrically
coupled to the  drain terminal of the biasing transistor, its source
terminal to the ground for draining any  current from the gate terminal of
the output transistor. [0020] In another embodiment of the present
invention, there is provided an  electronic device. In the embodiment, the
electronic device comprises a microprocessor  with a computer-readable
medium; and a fast switching current mirror circuit for providing  a
fast-switched large current to the microprocessor, comprising: an output
transistor that is  a large size to source a large current output; a
current source configured to provide a  mirrored current as a reference
bias current to the output transistor; a first current mirror  electrically
coupled to the gate terminal of the output transistor, wherein the first
current  mirror is so configured that it provides the biasing voltage to
the gate terminal of the output  transistor; a feedback sub-circuit
electrically coupled to the first current mirror, wherein the  feedback
sub-circuit is so configured that it will receive the feedback signal from
the first  current mirror to sink the current from the gate terminal of the
output transistor; and a  second current mirror electrically coupled to the
output transistor, the current source, the  first current mirror, and the
feedback sub-circuit, wherein the second current mirror is so  configured
that it provides the current source to the output transistor and sinks the
residual  current from the gate terminal of the output transistor when its
gate terminal is at the  



biasing voltage. In another embodiment, the fast switching current mirror
circuit further  comprises a first and a second clock switches for
controlling the gate voltages of the output  transistor. [0021] In another
embodiment of the electronic device, the output transistor is a  PFET,
wherein its source terminal is electrically coupled to a power supply, and
its drain  terminal to an input of the output current; wherein the first
clock switch is electrically  disposed between the power supply and the
gate terminal of the output transistor; when the 8 first clock switch is
on, the output transistor is turned off for its gate voltage is pulled up
to  the power supply; and wherein the second clock switch is electrically
disposed between the  first current mirror and the gate terminal of the
output transistor; when the second clock  switch is on, the output
transistor is turned on for its gate voltage is pulled down to the  biasing
voltage of the first current mirror; whereby the first and second clock
switches  form a complementary switch pair, i.e., whenever the first
(second) is open, the second  (first) is closed. [0022] In another
embodiment of the electronic device, the first current mirror  comprises a
biasing transistor and a feedback transistor; wherein the biasing
transistor and  feedback transistor are PFET; wherein the source terminals
of both transistors are  electrically coupled to the power supply, the gate
terminals to each other, the drain  terminals to the second current mirror;
and wherein the drain and gate terminals of the  biasing transistor are
electrically connected so that when the second switch is on, the  pulled-up
biasing voltage at the drain terminal of the biasing transistor will turn
off the  feedback transistor that in turn turns on the feedback sub-circuit
to sink the current and pull  down the biasing voltage. [0023] In another
embodiment of the electronic device, the feedback sub-circuit  comprises a
draining transistor that is an NMOS, and an inverter; wherein the inverter
is  electrically coupled to the drain terminal of the feedback transistor
and the gate terminal of  the draining transistor; the draining terminal of
the draining transistor is electrically  coupled to the biasing voltage;
and the source terminal to the ground; and wherein, when  the second clock
switch is on, the feedback transistor is turned off, then the low input of
the inverter will turn on the draining transistor until the biasing voltage
is pulled down  



enough to turn on the feedback transistor again. [0024] In another
embodiment of the electronic device, the second current mirror  comprises a
first NMOS, a second NMOS, and a third NMOS forming a current mirror;
wherein, for the first NMOS, its drain terminal is electrically coupled to
the current source,  its source terminal to the ground, and its gate
terminal to the gate terminals of the second  and third NMOSs; the drain
and gate terminals of the first NMOS are electrically  connected, forming a
diode configuration; wherein, for the second NMOS, its drain  terminal is
electrically coupled to the drain terminal of the feedback transistor, and
its  source terminal to the ground; and wherein, for the third NMOS, its
drain terminal is 9 electrically coupled to the drain terminal of the
biasing transistor, its source terminal to the  ground for draining any
current from the gate terminal of the output transistor. [0025] In another
embodiment of the electronic device, the electronic device  includes a
computer, notebook, PDA, MP3 player, or microdrive or other hard disk
drive. Brief Description of the Drawings [0026] Preferred embodiments
according to the present invention will now be  described with reference to
the Figures, in which like reference numerals denote like  elements. [0027]
FIG 1 shows the schematic diagram of a known current mirror circuit that
has a large PFET providing a large output current of 50mA at MO. [0028] FIG
2 shows the schematic diagram of another known current mirror circuit  that
has a large PFET providing a large output current of 50mA at MO. [0029] FIG
3 shows the schematic diagram of a fast switching current mirror circuit
in accordance with one embodiment of the present invention. [0030] FIG 4 is
a block diagram illustrating an embodiment of the present  invention
comprising a system with a fast switching current mirror circuit. Detailed
Description of the Invention [0031] The present invention may be understood
more readily by reference to the  following detailed description of certain
embodiments of the invention. [0032] Throughout this application, where
publications are referenced, the  disclosures of these publications are
hereby incorporated by reference, in their entireties,  



into this application in order to more fully describe the state of art to
which this invention  pertains. [0033] While embodiments of the present
invention will be described in reference  to the accompanying drawings, the
specifics and details are provided for the sole purpose  of illustrating
selected embodiments of the present invention. It is to be appreciated that
the present invention may be practiced without employing the specifics and
details. 10 Furthermore, certain variations of the specifics and details in
the practice are permissible  without deviation from the scope of the
appended claims. [0034] In one aspect, the present disclosure teaches a
fast switching current mirror  circuit with a large MOSFET size to provide
a large output current to power a load. FIG 3  shows a schematic diagram of
the fast switching current mirror circuit in accordance with  one
embodiment of the present invention. The fast switching current mirror
circuit 1  comprises an output transistor MO, a first current mirror 2 with
a biasing transistor M1 and  a feedback transistor M2, a draining module 3
with a current drain transistor M6 and an  invertor, a current source, and
a second current mirror 4 with M3, M4, M5. [0035] The output transistor MO
is a PFET, where its source terminal is electrically  coupled to the power
supply VCC, its drain terminal to an input of the output current  passing
MO, and its gate terminal to two clock switches. A first clock switch is
electrically  coupled to the power supply VCC, and a second clock switch is
electrically coupled to the  junction formed by the drain terminals of M1
and M4, where the first and second clock  switches form a complementary
pair, i.e., whenever the first (second) is open, the second  (first) is
closed. MO is usually a large size MOSFET. For example, the passing current
is  50mA. [0036] The biasing transistor M1 is a PFET, where its source
terminal is  electrically coupled to the power supply VCC, its drain
terminal to the drain terminal of  M4, and its gate terminal to the gate
terminal of M2. The gate and drain terminals of Ml is  electrically
coupled. The feedback transistor M2 is a PFET, wherein its source terminal
is  electrically coupled to the power supply VCC, its gate terminal to the
gate terminal of Ml,  and its drain terminal to the drain terminal of M5.
M1 and M2 form the first current  mirror. Ml and M2 are sized 1000 times
less than MO. 



[0037] M3 is an NMOS, where its drain terminal is electrically coupled to
the  current source which in turn is electrically coupled to the power
supply VCC, its source  terminal to the ground, and its gate terminal to
the gate terminals of M4 and M5. The  current source provides a reference
bias current to the output transistor. The drain and gate  terminals of M3
are electrically connected, forming a diode configuration. M4 is an  NMOS,
where its drain terminal is electrically coupled to the drain terminal of
Ml, its  source terminal to the ground, and its gate terminal to the gate
terminals of M3 and M5.  M5 is an NMOS, where its drain terminal is
electrically coupled to the drain terminal of 11 M2, its source terminal to
the ground, and its gate terminal to the gate terminals of M3 and  M4. M3,
M4, and M5 form the second current mirror. [0038] M6 is an NMOS, where its
drain terminal is electrically coupled to the drain  terminal of Ml, its
source terminal to the ground, and its gate terminal to the inverter  which
in turn is electrically coupled to the junction of the drain terminals of
M2 and M5.  The draining transistor and inverter form the draining module.
[0039] Now there is provided a brief description of the operation of the
fast  switching circuit as shown in FIG 3. When CLK =0, the gate terminal
of MO is connected  to the power supply VCC. Therefore, the gate capacitors
are charged to VCC, resulting in  no current passing the output transistor
MO, i.e., MO is turned off. When CLK =1, the gate  terminal of MO is
connected to the junction of the drain terminals of M1 and M4, where the
voltage at the junction is designated the biasing voltage Vb. However, as
the gate  capacitors of MO are large and previously charged to VCC, the
current drive of M4 cannot  pull the voltage at the gate of Ml from VCC to
Vb instantaneously. As a result, M2 is  switched off and M5 will pull the
input of the inverter towards ground. This feedback  mechanism will cause
M6 to turn on to the pull the gate of MO towards ground until M2 is  turned
on again with its gate voltage at the biasing voltage Vb. When M2 is turned
on, M6  will be turned off as the input of the inverter is pulled high. The
gate voltage of MO will  then be at the biasing voltage Vb. The Vb can be
preset by taking into consideration of the  parameters of M3, M4 and Ml.
[0040] Now referring to FIG 4, there is provided a schematic diagram of a
switching regulator comprising a fast switching current mirror circuit of
the present  



invention. The switching regulator 40 comprises a fast switching current
mirror circuit 42  that is controlled by the clock frequency signals 41,
and other electronic components 43  that channel the current to the load
such as microprocessors. The switching regulator 40  may be employed in any
electronic devices operating from DC power supplies that require  fast
switching current mirrors. The common electronic devices include PDA, MP3
player,  notebook, and computers. [0041] It is to be noted that the fast
switching current mirror circuit can be used in  applications other than
the switching regulator. For example, the fast switching current  mirror
circuit is applicable to any high side gate voltage limiting or controlling
PFET 12 current, e.g., motor driver full bridge circuitry, Switchmode
(e.g., buck, buck-boost, boost)  regulator, and the like. [0042] While the
present invention has been described with reference to particular
embodiments, it will be understood that the embodiments are illustrative
and that the  scopes of the appended claims are not so limited. Alternative
embodiments of the present  invention have been set forth by implication
and will be apparent to those having ordinary  skill in the art to which
the present invention pertains. Such alternate embodiments are  considered
to be encompassed within the scope of one or more of the appended claims.
Accordingly, the scope of the present invention is described by the
appended claims and is  supported by the foregoing description. CLAIMS What
is claimed is: 1. A fast switching current mirror circuit for providing a
fast-switched large current,  comprising: an output transistor that is a
large size to source a large current output; a current source configured to
provide a mirrored current as a reference bias current  to the output
transistor; a first current mirror electrically coupled to the gate
terminal of the output  transistor, wherein the first current mirror is so
configured that it provides the biasing  voltage to the gate terminal of
the output transistor; a feedback sub-circuit electrically coupled to the
first current mirror, wherein the  



feedback sub-circuit is so configured that it will receive the feedback
signal from the first  current mirror to sink the current from the gate
terminal of the output transistor; and a second current mirror electrically
coupled to the output transistor, the current  source, the first current
mirror, and the feedback sub-circuit, wherein the second current  mirror is
so configured that it provides the current source to the output transistor
and sinks  the residual current from the gate terminal of the output
transistor when its gate terminal is  at the biasing voltage. 13 2. The
fast switching current mirror circuit of claim 1, further comprises a first
and a  second clock switches configured to control the gate voltages of the
output transistor. 3. The fast switching current mirror circuit of claim 2,
wherein the output transistor is  a PFET, wherein its source terminal is
electrically coupled to a power supply, and its drain  terminal to an input
of the output current; wherein the first clock switch is electrically
disposed between the power supply and  the gate terminal of the output
transistor; when the first clock switch is on, the output  transistor is
turned off for its gate voltage is pulled up to the power supply; and
wherein the second clock switch is electrically disposed between the first
current  mirror and the gate terminal of the output transistor; when the
second clock switch is on,  the output transistor is turned on for its gate
voltage is pulled down to the biasing voltage  of the first current mirror;
whereby the first and second clock switches form a complementary switch
pair, i.e.,  whenever the first (second) is open, the second (first) is
closed. 4. The fast switching current mirror circuit of claim 3, wherein
the first current mirror  comprises a biasing transistor and a feedback
transistor; wherein the biasing transistor and  feedback transistor are
PFET; wherein the source terminals of both transistors are electrically
coupled to the  power supply, the gate terminals to each other, the drain
terminals to the second current  mirror; and wherein the drain and gate
terminals of the biasing transistor are electrically  connected so that
when the second switch is on, the pulled-up biasing voltage at the drain
terminal of the biasing transistor will turn off the feedback transistor
that in turn turns on  



the feedback sub-circuit to sink the current and pull down the biasing
voltage. 5. The fast switching current mirror circuit of claim 4, wherein
the feedback sub- circuit comprises a draining transistor that is an NMOS,
and an inverter; wherein the inverter is electrically coupled to the drain
terminal of the feedback  transistor and the gate terminal of the draining
transistor; the draining terminal of the 14 draining transistor is
electrically coupled to the biasing voltage; and the source terminal to
the ground; and wherein, when the second clock switch is on, the feedback
transistor is turned off,  then the low input of the inverter will turn on
the draining transistor until the biasing  voltage is pulled down enough to
turn on the feedback transistor again. 6. The fast switching current mirror
circuit of claim 4, wherein the second current  mirror comprises a first
NMOS, a second NMOS, and a third NMOS forming a current  mirror; wherein,
for the first NMOS, its drain terminal is electrically coupled to the
current  source, its source terminal to the ground, and its gate terminal
to the gate terminals of the  second and third NMOSs; the drain and gate
terminals of the first NMOS are electrically  connected, forming a diode
configuration; wherein, for the second NMOS, its drain terminal is
electrically coupled to the  drain terminal of the feedback transistor, and
its source terminal to the ground; and  wherein, for the third NMOS, its
drain terminal is electrically coupled to the drain terminal of the biasing
transistor, its source terminal to the ground in order to drain any
current from the gate terminal of the output transistor. 7. A switching
regulator for providing a fast-switched large current to a load,
comprising: means for channeling a fast-switched large current to the load;
and a fast switching current mirror circuit configured to provide the
fast-switched large  current; wherein the fast switching current mirror
circuit is electrically coupled to a clock  control and the means for
channeling so that, when the circuit receives the clock control  signals,
it will provide the means for channeling with the fast-switched large
current; wherein the fast switching current mirror circuit comprises: 



an output transistor that is a large size to source a large current output;
a current source configured to provide a mirrored current as a reference
bias current  to the output transistor; 15 a first current mirror
electrically coupled to the gate terminal of the output  transistor,
wherein the first current mirror is so configured that it provides the
biasing  voltage to the gate terminal of the output transistor; a feedback
sub-circuit electrically coupled to the first current mirror, wherein the
feedback sub-circuit is so configured that it will receive the feedback
signal from the first  current mirror to sink the current from the gate
terminal of the output transistor; and a second current mirror electrically
coupled to the output transistor, the current  source, the first current
mirror, and the feedback sub-circuit, wherein the second current  mirror is
so configured that it provides the current source to the output transistor
and sinks  the residual current from the gate terminal of the output
transistor when its gate terminal is  at the biasing voltage. 8. The
switching regulator of claim 7, further comprises a first and a second
clock  switches configured to control the gate voltages of the output
transistor. 9. The switching regulator of claim 8, wherein the output
transistor is a PFET,  wherein its source terminal is electrically coupled
to a power supply, and its drain terminal  to an input of the output
current; wherein the first clock switch is electrically disposed between
the power supply and  the gate terminal of the output transistor; when the
first clock switch is on, the output  transistor is turned off for its gate
voltage is pulled up to the power supply; and wherein the second clock
switch is electrically disposed between the first current  mirror and the
gate terminal of the output transistor; when the second clock switch is on,
the output transistor is turned on for its gate voltage is pulled down to
the biasing voltage  of the first current mirror; whereby the first and
second clock switches form a complementary switch pair, i.e.,  whenever the
first (second) is open, the second (first) is closed. 10. The switching
regulator of claim 9, wherein the first current mirror comprises a  biasing
transistor and a feedback transistor; wherein the biasing transistor and
feedback  



transistor are PFET; 16 wherein the source terminals of both transistors
are electrically coupled to the  power supply, the gate terminals to each
other, the drain terminals to the second current  mirror; and wherein the
drain and gate terminals of the biasing transistor are electrically
connected so that when the second switch is on, the pulled-up biasing
voltage at the drain  terminal of the biasing transistor will turn off the
feedback transistor that in turn turns on  the feedback sub-circuit to sink
the current and pull down the biasing voltage. 11. The switching regulator
of claim 10, wherein the feedback sub-circuit comprises a  draining
transistor that is an NMOS, and an inverter; wherein the inverter is
electrically coupled to the drain terminal of the feedback  transistor and
the gate terminal of the draining transistor; the draining terminal of the
draining transistor is electrically coupled to the biasing voltage; and the
source terminal to  the ground; and wherein, when the second clock switch
is on, the feedback transistor is turned off,  then the low input of the
inverter will turn on the draining transistor until the biasing  voltage is
pulled down enough to turn on the feedback transistor again. 12. The
switching regulator of claim 10, wherein the second current mirror
comprises a  first NMOS, a second NMOS, and a third NMOS forming a current
mirror; wherein, for the first NMOS, its drain terminal is electrically
coupled to the current  source, its source terminal to the ground, and its
gate terminal to the gate terminals of the  second and third NMOSs; the
drain and gate terminals of the first NMOS are electrically  connected,
forming a diode configuration; wherein, for the second NMOS, its drain
terminal is electrically coupled to the  drain terminal of the feedback
transistor, and its source terminal to the ground; and  wherein, for the
third NMOS, its drain terminal is electrically coupled to the drain
terminal of the biasing transistor, its source terminal to the ground in
order to drain any  current from the gate terminal of the output
transistor. 13. A method for fast switching of a current mirror so as to
provide a fast-switched  large current to a load, the method comprising: 



17 turning off an output transistor that is a large size to source a large
current output by  electrically coupling the gate terminal to a power
supply and disconnecting the gate  terminal from a fast switching circuit;
and turning on the output transistor by electrically coupling the gate
terminal of the  output transistor to the fast switching circuit and
disconnecting the gate terminal from the  power supply; wherein the fast
switching circuit comprises a current source configured to provide a
mirrored current as a reference bias current  to the output transistor; a
first current mirror electrically coupled to the gate terminal of the
output transistor  when the output transistor is turned on, wherein the
first current mirror is so configured  that it provides the biasing voltage
to the gate terminal of the output transistor; a feedback sub-circuit
electrically coupled to the first current mirror, wherein the  feedback
sub-circuit is so configured that it will receive a feedback signal from
the first  current mirror to sink the current from the gate terminal of the
output transistor; and a second current mirror electrically coupled to the
output transistor, the current  source, the first current mirror, and the
feedback sub-circuit, wherein the second current  mirror is so configured
that it provides the current source to the output transistor and sinks  the
residual current from the gate terminal of the output transistor when its
gate terminal is  at the biasing voltage. 14. The method of claim 13,
wherein the first current mirror comprises a biasing  transistor and a
feedback transistor; wherein the biasing transistor and feedback transistor
are PFET; wherein the source terminals of both transistors are electrically
coupled to the  power supply, the gate terminals to each other, the drain
terminals to the second current  mirror; and wherein the drain and gate
terminals of the biasing transistor are electrically  connected so that the
pulled-up biasing voltage at the drain terminal of the biasing  transistor
will turn off the feedback transistor that in turn turns on the feedback
sub-circuit  to sink the current and pull down the biasing voltage. 



18 15. The method of claim 14, wherein the feedback sub-circuit comprises a
draining  transistor that is an NMOS, and an inverter; wherein the inverter
is electrically coupled to the drain terminal of the feedback  transistor
and the gate terminal of the draining transistor; the draining terminal of
the  draining transistor is electrically coupled to the biasing voltage;
and the source terminal to  the ground; and wherein, when the feedback
transistor is turned off, then the low input of the  inverter will turn on
the draining transistor until the biasing voltage is pulled down enough  to
turn on the feedback transistor again. 16. The method of claim 15, wherein
the second current mirror comprises a first  NMOS, a second NMOS, and a
third NMOS forming a current mirror; wherein, for the first NMOS, its drain
terminal is electrically coupled to the current  source, its source
terminal to the ground, and its gate terminal to the gate terminals of the
second and third NMOSs; the drain and gate terminals of the first NMOS are
electrically  connected, forming a diode configuration; wherein, for the
second NMOS, its drain terminal is electrically coupled to the  drain
terminal of the feedback transistor, and its source terminal to the ground;
and  wherein, for the third NMOS, its drain terminal is electrically
coupled to the drain terminal  of the biasing transistor, its source
terminal to the ground in order to drain any current from  the gate
terminal of the output transistor. 17. An electronic device comprising: a
microprocessor with a computer-readable medium; and a fast switching
current mirror circuit configured to provide a fast-switched large  current
to the microprocessor, comprising: an output transistor that is a large
size to source a large current output; a current source configured to
provide a mirrored current as a reference bias current  to the output
transistor; a first current mirror electrically coupled to the gate
terminal of the output  transistor, wherein the first current mirror is so
configured that it provides the biasing  voltage to the gate terminal of
the output transistor; 



19 a feedback sub-circuit electrically coupled to the first current mirror,
wherein the  feedback sub-circuit is so configured that it will receive the
feedback signal from the first  current mirror to sink the current from the
gate terminal of the output transistor; and a second current mirror
electrically coupled to the output transistor, the current  source, the
first current mirror, and the feedback sub-circuit, wherein the second
current  mirror is so configured that it provides the current source to the
output transistor and sinks  the residual current from the gate terminal of
the output transistor when its gate terminal is  at the biasing voltage.
18. The electronic device of claim 17, wherein the fast switching current
mirror circuit  further comprises a first and a second clock switches
configured to control the gate  voltages of the output transistor. 19. The
electronic device of claim 18, wherein the output transistor is a PFET,
wherein  its source terminal is electrically coupled to a power supply, and
its drain terminal to an  input of the output current; wherein the first
clock switch is electrically disposed between the power supply and  the
gate terminal of the output transistor; when the first clock switch is on,
the output  transistor is turned off for its gate voltage is pulled up to
the power supply; and wherein the second clock switch is electrically
disposed between the first current  mirror and the gate terminal of the
output transistor; when the second clock switch is on,  the output
transistor is turned on for its gate voltage is pulled down to the biasing
voltage  of the first current mirror; whereby the first and second clock
switches form a complementary switch pair, i.e.,  whenever the first
(second) is open, the second (first) is closed. 20. The electronic device
of claim 19, wherein the first current mirror comprises a  biasing
transistor and a feedback transistor; wherein the biasing transistor and
feedback  transistor are PFET; wherein the source terminals of both
transistors are electrically coupled to the  power supply, the gate
terminals to each other, the drain terminals to the second current  mirror;
and 20 



wherein the drain and gate terminals of the biasing transistor are
electrically  connected so that when the second switch is on, the pulled-up
biasing voltage at the drain  terminal of the biasing transistor will turn
off the feedback transistor that in turn turns on  the feedback sub-circuit
to sink the current and pull down the biasing voltage. 21. The electronic
device of claim 20, wherein the feedback sub-circuit comprises a  draining
transistor that is an NMOS, and an inverter; wherein the inverter is
electrically coupled to the drain terminal of the feedback  transistor and
the gate terminal of the draining transistor; the draining terminal of the
draining transistor is electrically coupled to the biasing voltage; and the
source terminal to  the ground; and wherein, when the second clock switch
is on, the feedback transistor is turned off,  then the low input of the
inverter will turn on the draining transistor until the biasing  voltage is
pulled down enough to turn on the feedback transistor again. 22. The
electronic device of claim 20, wherein the second current mirror comprises
a  first NMOS, a second NMOS, and a third NMOS forming a current mirror;
wherein, for the first NMOS, its drain terminal is electrically coupled to
the current  source, its source terminal to the ground, and its gate
terminal to the gate terminals of the  second and third NMOSs; the drain
and gate terminals of the first NMOS are electrically  connected, forming a
diode configuration; wherein, for the second NMOS, its drain terminal is
electrically coupled to the  drain terminal of the feedback transistor, and
its source terminal to the ground; and  wherein, for the third NMOS, its
drain terminal is electrically coupled to the drain terminal  of the
biasing transistor, its source terminal to the ground in order to drain any
current from  the gate terminal of the output transistor. 23. The
electronic device of claim 17, wherein the electronic device comprises a
computer, notebook, PDA, MP3 player, or microdrive or other hard disk
drive. 24. The electronic device of claim 22, wherein the electronic device
is a microdrive. 


