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Description

Amplifier arrangement and method for amplification

The present invention relates to an amplifier arrangement, a
voltage converter comprising a measurement circuit for
sensing a coil current with an amplifier arrangement, and a

method for amplification.

Amplifier arrangements are common in consumer electronics
such as mobile phones and digital cameras, and in industrial
electronics. Amplifier arrangements are also used in voltage
converters which achieve an up- or a down-conversion of a
supply voltage to generate an output voltage for electrical
circuits. Voltage converters for down-conversion are, for
example, buck mode converters, whereas voltage converters for
up-conversion are, for example, boost converters. Voltage-
mode and current-mode control arrangements are used in
voltage converters. A current flowing through a coil is

sensed in current-mode control arrangements.

Document "An Integrated CMOS Current-Sensing Circuit for Low-
Voltage Current-Mode Buck Regulator™, C. Y. Leung et al.,
IEEE Transactions on Circuits and Systems-II: Express Briefs,
volume 52, number 7, July 2005, pages 394-397, shows a buck
mode converter with a current-mode control arrangement for a

minimum supply voltage of 1.2 V.

It is an object of the present invention to provide an
amplifier arrangement, a voltage converter, and a method for
amplification operating at low voltages and achieving a high

amplification gain.
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This object is solved by an amplifier arrangement comprising
the features of claim 1, a voltage converter comprising the
features of claim 14, and a method for amplification
according to claim 20. Preferred embodiments are presented in

the respective dependent claims.

An amplifier arrangement comprises a first transistor, a
first bias transistor, and a first field-effect transistor.
The first bias transistor is coupled via a first node to the
first transistor and the first field-effect transistor is

coupled to the first bias transistor.

A first input signal is applied to a control terminal of the
first transistor for the purpose of amplification of the
first input signal. The first bias transistor provides a
current to the first transistor. The first field-effect
transistor achieves a clamping of a first node voltage which

is provided at the first node.

It is an advantage of the clamping of the first node voltage
at the first node that the voltage across the first bias
transistor is decreased and the voltage across the first
transistor is increased. Therefore, the amplifier achieves an
amplification also with a low voltage supply. A gain of the
amplifier arrangement is high because of the relatively high
voltage drop across the first transistor, even at a low

supply voltage.

In an embodiment, the first field-effect transistor comprises
a control terminal which is connected to a terminal of the
first bias transistor via the first node. The first field-
effect transistor couples a control terminal of the first

bias transistor to a first power supply terminal.



10

15

20

25

30

WO 2008/012334 PCT/EP2007/057685

In a preferred embodiment, the amplifier arrangement
comprises a first current path. The first current path
comprises the first transistor, the first node and the first
bias transistor and connects the first supply terminal to a

second supply terminal.

In a preferred embodiment, the first transistor comprises a
first terminal which is coupled to the second power supply
terminal and a second terminal which is coupled to the first
node. The first bias transistor comprises a control terminal,
a first terminal which is coupled to the first power supply
terminal and a second terminal which is coupled to the second
terminal of the first transistor via the first node. The
first field-effect transistor comprises the control terminal
which is connected to the first node. Further on, the first
field-effect transistor comprises a first terminal which is
connected to the control terminal of the first bias
transistor and is coupled to the second power supply
terminal, and a second terminal which is coupled to the first

power supply terminal.

In an embodiment, the first field-effect transistor is a
metal-oxide-semiconductor field-effect transistor,
abbreviated MOSFET. The first field-effect transistor can be
a p-channel MOSFET. In a preferred embodiment, the first

field-effect transistor i1s an n-channel MOSFET.

In a preferred embodiment, the voltage at the first supply
terminal is higher than the voltage at the second supply
terminal. In this preferred embodiment, the first bias
transistor is realized as p-channel MOSFET, and the first

transistor and the first field-effect transistor are realized
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as n-channel MOSFETs. In this embodiment, the gain of the
amplifier arrangement is higher when realizing the first

transistor as an n-channel MOSFET.

In an embodiment, the amplifier arrangement comprises a se-
cond transistor, a second node, a second bias transistor and
a second field-effect transistor. The second transistor is
coupled to the second bias transistor via the second node. A
second current path comprises the second transistor, the
second node and the second bias transistor. A second input
signal is applied to a control terminal of the second
transistor for amplification. A coupling of the second field-
effect transistor to the second bias transistor is performed
in such a way that clamping of a second node voltage at the
second node is achieved. The first and the second transistors
are coupled to achieve a differential amplification of the
first and the second input signals. This coupling can be
realized by connecting the first terminal of the first
transistor to the first terminal of the second transistor and
by coupling the two first terminals to the second supply
terminal with a resistor, a current source or, preferably, a

transistor.

In an embodiment, the second field-effect transistor
comprises a control terminal which is connected to a terminal
of the second bias transistor via the second node. The second
field-effect transistor couples a control terminal of the

second bias transistor to the first power supply terminal.

In an embodiment, a first resistor couples the node between
the first transistor and the first bias transistor to the
first terminal of the first field-effect transistor. In a

preferred embodiment, the resistor is realized as a first
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coupling transistor. In an embodiment, a second resistor
couples the node between the second transistor and the second
bias transistor to the first terminal of the second field-
effect transistor. In a preferred embodiment, the second
resistor is realized as a second coupling resistor. The
coupling transistors can be n-channel MOSFETs. Preferably,
the coupling transistors are p-channel MOSFETs. By use of the
first and the second resistors or the first and the second
coupling transistors, respectively, the influence of process

variations can be reduced.

In an embodiment, the amplifier arrangement comprises a third
transistor and a third bias transistor which is coupled to
the third transistor. The third bias transistor comprises a
control terminal which is connected to a control terminal of
the first bias transistor. In an embodiment, an output node
of the amplifier arrangement is realized as a node between

the third transistor and the third bias transistor.

In an embodiment, the amplifier arrangement comprises an
output stage which couples the node between the third
transistor and the third bias transistor to an output node of

the amplifier arrangement.

In an embodiment, the amplifier arrangement comprises a
current mirror with mirror transistors. The current mirror is
coupled to a current input terminal of the amplifier
arrangement, to the first field-effect transistor, to the
second field-effect transistor and to the node between the

first transistor and the second transistor.

According to an aspect of the invention, a voltage converter

comprises a measurement circuit which itself comprises the
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amplifier arrangement. The measurement circuit is designed
for sensing a coil current. In an embodiment, the voltage
converter is realized as a boost-mode converter for up-
conversion of the first supply voltage. In a preferred
embodiment, the voltage converter is designed as a buck-mode
converter, achieving a down-conversion of the first supply
voltage. In a preferred embodiment, the voltage converter
comprises a current-mode control arrangement. In a preferred
embodiment, the measurement circuit uses the error-amplifier

voltage mirror principle.

In an embodiment, the voltage converter comprises a first and
a second converter transistor which are coupled to a second
signal input terminal of the amplifier arrangement and
comprises a third and a fourth converter transistor which are
coupled to a first signal input terminal of the amplifier
arrangement. The first and the second signal input terminals
are connected to the control terminals of the first and the

second transistor of the amplifier arrangement.

In an embodiment, the first, the second, the third and the
fourth converter transistor are field-effect transistors. A
ratio of the channel width to the channel length of the
fourth converter transistor is by a factor N greater than a
ratio of the channel width to the channel length of the first
converter transistor. The drain-source voltages of the first
and the fourth converter transistors may approximately be
equal. Therefore, the current flowing through the first
converter transistor is approximately by the factor N smaller
than a current flowing through the fourth converter

transistor.
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In an embodiment, the voltage converter comprises an
inductance, realized as a coil, which is coupled to the
fourth converter transistor. In an embodiment, the fourth
converter transistor is realized in a power metal-oxide-

semiconductor integration technique.

In an embodiment, the voltage converter comprises a fifth
converter transistor, which is connected to the first and the
second converter transistors, and a resistor. A control
terminal of the fifth converter transistor is coupled to the
output node of the amplifier arrangement. The resistor
couples the fifth converter transistor to the first power
supply terminal. The sum of the currents flowing through the
first and the second converter transistors is also flowing
through the fifth converter transistor and the resistor. If
the first and the fourth converter transistors are switched
on, the current flowing through the resistor is approximately
by the factor N smaller than the current flowing through the
fourth converter transistor. The voltage of an output node
between the resistor and the fifth converter transistor is an
output voltage of the measurement circuit which is
proportional by the product of the factor N and the value of
the resistor to the current flowing through the fourth
converter transistor. Because the current through the fourth
converter transistor approximately equals the current through
the coil the current through the resistor, the voltage at the
output node can be used for the measurement of the current
through the coil of the voltage converter. The fifth
converter transistor is preferably designed as an n-channel

field-effect transistor.

In a preferred embodiment, the voltage converter with the

amplifier arrangement is realized using a semiconductor body
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to which the coil is coupled. Preferably, the converter

transistors are realized as MOSFETs.

According to an aspect of the invention, the method for
amplification comprises the following steps: a first input
signal is applied to a first transistor. A current is
provided to the first transistor using a first bias
transistor. A first node voltage is provided at a first node
between the first transistor and the first bias transistor.
The first node voltage is clamped using a first field-effect
transistor. It is an advantage of the clamping of the first
node and, therefore, also of the first bias transistor that a
voltage across the first bias transistor is reduced and a
voltage across the first transistor is increased and,

therefore, a high gain of the amplification is achieved.

In an embodiment, a first node voltage is provided at the
first node and is applied to a control terminal of the first
field-effect transistor. The first field-effect transistor
couples a control terminal of the first bias transistor to a
first power supply terminal. A voltage at the control
terminal of the first bias transistor is advantageously
generated from a first supply voltage via the first field-
effect transistor. The first supply voltage is provided at

the first power supply terminal.

The following description of figures of exemplary embodiments
may further illustrate and explain the invention. Devices
with the same structure or the same effect, respectively,
appear with equivalent reference numerals. A description of a
part of a circuit or a device having the same function in
different figures might not be repeated in every of the

following figures.
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FIG. 1 shows a schematic of an exemplary embodiment of an

amplifier arrangement of the principle presented,

FIG. 2 shows a schematic of an exemplary embodiment of a

voltage converter of the principle presented and

FIG. 3 shows an exemplary embodiment of the first, the

second and the third control signals.

FIG. 1 shows an exemplary embodiment of an amplifier
arrangement 1 of the principle presented. The amplifier
arrangement 1 comprises a first and a second transistor 18,
38 with first terminals which are connected to a node 7,
which is coupled to a second power supply terminal 8. A first
and a second bias transistor 13, 33 of the amplifier
arrangement 1 comprise first terminals which are connected to
a first power supply terminal 9. A second terminal of the
first bias transistor 13 is connected to a second terminal of
the first transistor 18 via a first node 12 and a second
terminal of the second bias transistor 33 is connected to a
second terminal of the second transistor 38 via a second node
32. The amplifier arrangement 1 comprises a first and a
second field-effect transistor 51, 91 with second terminals
which are connected to the first power supply terminal 9. A
control terminal of the first field-effect transistor 51 is
connected to the first node 12 and, therefore, with the
second terminal of the first bias transistor 13. A first
terminal of the first field-effect transistor 51 is connected
to a control terminal of the first bias transistor 13. In an
analogous manner, a control terminal of the second field-
effect transistor 91 is connected to the second node 32, and,

therefore, also with the second terminal of the second bias
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transistor 33. A first terminal of the second field-effect
transistor 91 i1s connected to a control terminal of the

second bias transistor 33.

A first resistor 56 of the amplifier arrangement 1 couples
the first node 12 to a third node 58 which is connected to
the first terminal of the first field-effect transistor 51. A
second resistor 96 of the amplifier arrangement 1 couples the
second node 32 to a fourth node 98 which is connected to the
first terminal of the second field-effect transistor 91. The
first and the second resistors 56, 96 are realized as a first
and a second coupling transistor 57, 97. The first terminal
of the first coupling transistor 57 is connected to the first
node 12. A control terminal of the first coupling transistor
57 is connected to a second terminal of the first coupling
transistor 57 and to the first terminal of the first field-
effect transistor 51. In an analogous manner, a first
terminal of the second coupling transistor 97 is connected to
the second node 32. A control terminal and a second terminal
of the second coupling transistor 97 are connected together
and are connected to the first terminal of the second field-

effect transistor 91.

A third and a fourth bias transistor 62, 102 of the amplifier
arrangement 1 each comprise a respective first terminal which
is connected to the first power supply terminal 9. A control
terminal of the third bias transistor 62 is connected to the
control terminal of the first bias transistor 13. In an
analogous manner, a control terminal of the fourth bias
transistor 102 is connected to the control terminal of the
third bias transistor 33. A third and a fourth transistor 67,
107 of the amplifier arrangement 1 each comprise a respective

first terminal which is connected to the second power supply
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terminal 8. A second terminal of the third transistor 67 is
connected to a second terminal of the third bias transistor
62. In a corresponding manner, a second terminal of the
fourth transistor 107 is connected to a second terminal of
the fourth bias transistor 102. A control terminal of the
third transistor 67 is connected to a control terminal of the
fourth transistor 107 and in addition also to the second
terminal of the fourth transistor 107, so that a current
mirror is achieved. A node 72 between the third transistor 67
and the third bias transistor 62 is an output node of the
input stage 6 of the amplifier arrangement 1 comprising the
first, the second, the third and the fourth transistors 18,
38, 68, 108 and the first and the second field-effect
transistors 51, 91 and the first, the second, the third and
the fourth bias transistors 13, 33, 62, 102. This node 72 may

act also as an output node of the amplifier arrangement 1.

The amplifier arrangement further comprises an output stage
130. The output stage 130 comprises a fifth transistor 133, a
current mirror 138, a capacitor 131, and an output node 132
of the amplifier arrangement 1. The node 72 is connected to a
control terminal of the fifth transistor 133. A first
terminal of the fifth transistor 133 is connected to the
second power supply terminal 8. A second terminal of the
fifth transistor 133 is connected to the output node 132 of
the amplifier arrangement 1 and also to the current mirror
138. The current mirror 138 couples the second terminal 136
of the fifth transistor 133 to the first power supply
terminal 9. The current mirror 138 comprises a fifth and a
sixth bias transistor 139 and 144 with first terminals which
are connected to the first power supply terminal 9. A second
terminal of the fifth bias transistor 139 is connected to the

second terminal of the fifth transistor 133. A control
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terminal of the fifth bias transistor 139 is connected to a
control terminal of the sixth bias transistor 144 and also to
a second terminal of the sixth bias transistor 144. The
second terminal of the sixth bias transistor 144 is coupled
to the second power supply terminal 8. The capacitor 131
couples the node 72 to the output node 132 of the amplifier

arrangement.

A second mirror of the amplifier arrangement 1 160 comprises
a first, a second, a third, a fourth and a fifth mirror
transistor 154, 113, 2, 73, 149 with first terminals which
are connected to the second power supply terminal 8. The
control terminals are connected together and are connected to
the second terminal of the first mirror transistor 154 and to
a current supply terminal 159. A second terminal of the
second mirror transistor 113 is connected to the first
terminal of the second field-effect transistor 91, and
therefore, also to the control terminals of the second and
the fourth bias transistors 33, 102. A second terminal of the
third mirror transistor 2 is connected to the node 7 between
the first and the second transistor 18, 38. A second terminal
of the fourth mirror transistor 73 is connected to the first
terminal of the first field-effect transistor 51. A second
terminal of the fifth mirror transistor 149 is connected to
the first current mirror 138 and, therefore, 1is connected to

the second terminal of the sixth bias transistor 144.

A first input signal VN is supplied to a first signal input
terminal 19 which is coupled with a control terminal of the
first transistor 18 and a second input signal VP is supplied
to a second signal input terminal 39 which is a control
terminal of the second transistor 38. Because the node 7

between the first and the second transistors 18, 38 is
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coupled to the second power supply terminal 8 via the third
mirror transistor 2, the first and the second input signals
VN, VP are amplified in a differential manner. The first and
the second field-effect transistors 51, 91 achieve a small
voltage between the first and the second terminals of the
first bias transistor 13 and between the first and the second
terminals of the second bias transistor 33. Therefore, a
voltage between the first and the second terminals of the
first transistor 18 and between the first and the second
terminals of the second transistor 38 obtains a high wvalue,
yielding a high gain of the amplification of the first and
the second input signals VN, VP. An amplified signal of the
first input signal VN is applied to the control terminal of
the third bias transistor 62 and, therefore, also to the node
72 between the third transistor 67 and the third bias
transistor 62. An amplified signal of the second input signal
VP is applied in an analogous manner to the control terminal
of the fourth bias transistor 102. Because the third and the
fourth transistors 67, 107 are coupled together, the
amplified signal of the second input signal VP also
influences a voltage at the node 72. The voltage at the node
72 is amplified by the output stage 130 of the amplifier
arrangement 1 using the fifth transistor 133 for
amplification. A bias current for the fifth transistor 133 is
supplied by the first current mirror 138. An output voltage
VOUT is provided at the output node 132 of the amplifier
arrangement 1. The first and the second input signals VN, VP
are amplified in a differential manner resulting in a voltage
at the node 72. The voltage at the node 72 is amplified in a
non-differential manner so that the output voltage VOUT of

the amplifier arrangement 1 is provided.
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The transistors are realized as field-effect transistors in
the form of MOSFETs. A first supply voltage VDD is applied at
the first power supply terminal 9 and a second supply voltage
VSS is provided at the second power supply terminal 8. The
first supply voltage VDD is higher than the second supply
voltage VSS. The first terminals of the transistors can be
realized as a source terminal of the respective field-effect
transistors and, therefore, the second terminals of all the
transistors can be a drain terminal of the field-effect
transistors. The control terminals of all the transistors are
realized as gate electrodes of the field-effect transistors.
The first, the second, the third, the fourth, and the fifth
transistors 18, 38, 67, 107, 133 and the five mirror
transistors 154, 113, 2, 73, 149 are realized as n-channel
field-effect transistors. The first, the second, the third,
the fourth, the fifth and the sixth bias transistors 13, 33,
62, 102, 139, 144 are realized as p-channel field-effect
transistors. The first and the second coupling transistors

57, 97 are realized as p-channel field-effect transistors.

It is an advantage of the realization of the first and the
second transistor 18, 83 as n-channel field-effect
transistors that the amplification achieved by an n-channel
transistor is higher than the amplification achieved by a p-
channel field-effect transistor with the same transistor
area. The input stage of the amplifier arrangement,
comprising the first, the second, the third and the fourth
transistors 18, 38, 67, 107, being constructed symmetrically,
results in a low offset value of the amplifier arrangement.
It is an advantage of the output stage 130 that it increases

the gain of the amplifier arrangement.
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In an alternative embodiment, the amplifier arrangement 1
does not comprise a first and a second resistor 56, 96 and

the first and the second coupling transistor 57, 97.

FIG. 2 shows an exemplary embodiment of a voltage converter
according to the principle presented. The focus of the
voltage converter shown in FIG. 2 is directed to a
measurement circuit which is designed for the measurement of
a current through a fourth converter transistor 200 which is
approximately equivalent to a current through a coil 210 of
the voltage converter. FIG. 2 shows the voltage converter
realized as a buck-mode converter for down-conversion of the
first supply voltage VDD. The voltage converter comprises the
amplifier arrangement 1 of which an exemplary embodiment is
shown in FIG. 1. The voltage converter comprises a first, a
second and a third converter transistor 242, 237, 232. The
first terminals of these four converter transistors 242, 237,
232, 200 are connected to the first power supply terminal 9.
A second terminal of the first converter transistor 242 and a
second terminal of the second converter transistor 237 are
connected together and are connected to the second signal
input 39 of the amplifier arrangement 1. A second terminal of
the third converter transistor 232 is connected to the first
signal input terminal 19 of the amplifier arrangement 1. A
second terminal of the fourth converter transistor 200 is
coupled to the first signal input terminal 19. This coupling
is achieved by a sixth converter transistor 215 with a first
terminal which is connected to the second terminal of the
fourth converter transistor 200. A second terminal of the
sixth converter transistor 215 is connected to the first

signal input terminal 19.
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The voltage converter further comprises a fifth converter
transistor 247 and a resistor 252. A second terminal of the
fifth converter transistor 247 is connected to the second
terminals of the second and first converter transistors 242,
237. The control terminal of the fifth converter transistor
24’7 is connected to the output node 132 of the amplifier
arrangement 1. A first terminal of the fifth converter
transistor 247 is coupled to the second power supply terminal
8 via the resistor 252. The second terminal of the third
converter transistor 232 and the second terminal 218 of the
sixth converter transistor 215 are coupled via a current
mirror 220 to the second power supply terminal 8. The current
mirror 220 comprises an eighth and a ninth converter
transistor 221, 226 with first terminals which are connected
to the second power supply terminal 8. A second terminal of
the eighth converter transistor 222 is connected to the
second terminal of the sixth converter transistor 215. A
control terminal of the eighth converter transistor 221 is
connected to a control terminal of the ninth converter
transistor 226 and also to a second terminal of the ninth
converter transistor 206. The current mirror 220 further
comprises a current source 231 which couples the ninth
converter transistor 226 to the first power supply terminal

9.

The voltage converter further comprises a seventh converter
transistor 205 which couples the second terminal of the
fourth converter transistor 200 to the second power supply
terminal 8. A second terminal of the seventh converter
transistor 205 is connected to the second terminal of the
fourth converter transistor 200 and to a terminal of the coil

210. A further terminal of the coil 210 is coupled to a load
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of the voltage converter represented by a capacitor 211 and a

resistor 212.

The first, the second, the third, the fourth and the sixth
converter transistors 242, 237, 232, 200, 215 are realized as
p-channel MOSFETs. The fifth, the seventh, the eighth, and
the ninth converter transistors 247, 205, 221, 226 are
realized as n-channel MOSFETs. A first control signal VP is
applied to the control terminals of the first, the fourth and
the sixth converter transistors 242, 200, 215. A second
control signal VXP is applied to the control terminals of the
second and the third converter transistors 237, 232. A third
control signal VN is applied to the control terminal 206 of
the seventh converter transistor 205. The mode of operation

is described with reference to FIG. 3.

FIG. 3 shows an exemplary embodiment of the first, the
second, and the third control signals VP, VXP, VN. The second
control signal VXP is an inverted signal of the first control
signal VP. The third control signal VN is approximately the
first control signal VP with a small difference: a rising
edge of the third control signal VN is by a time difference
AT later than a rise of the first control signal VP and a
falling edge of the third control signal VN is by a time
difference ATl earlier than a fall of the first control
signal VP. When the first control signal VP is in a high
state, the first, the fourth and the sixth converter
transistors 242, 200, 215 are switched off. The second and
the third converter transistors 237, 232 are switched on by
the second control signal VXPC and are generating the first
and the second input signals VN, VP for the amplifier
arrangement 1. Because the current mirror 220 is also

connected to the first input signal terminal 19 of the
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amplifier arrangement 1 and because the amplifier arrangement
is designed for the purpose that the first and the second
input signals VN, VP are approximately equal, the output
voltage VOUT of the amplifier arrangement 1 provided at the
output node 132 of the amplifier arrangement 1 obtains such a
value that a current ISENSE flowing through the eighth
converter transistor 247 and the resistor 252 is
approximately equal to the current flowing through the fourth
converter transistor 200. The seventh converter transistor
205 is also switched on. If electric energy is stored in the
coil 210, a coil current IL can flow from the second supply
terminal 8 through the seventh converter transistor 205 and
the coil 210 to the load represented by the capacitor 211 and

the resistor 212.

In a second state of operation, the first control signal VPC
is in a low state and, therefore, the first, the fourth and
the sixth converter transistors 242, 200, 215 are switched
on. The second, the third and the seventh converter
transistors 237, 232, 205 are switched off during the second
state of operation by the second and the third control
signals VXPC, VNC. The coil current IL can now flow from the
first supply terminal 9 through the fourth converter
transistor 200 and through the coil 210 to the load
represented by the capacitor 211 and the resistor 212.
Because a current ID flowing through the eighth converter
transistor 221 of the current mirror 220 is small compared
with the coil current IL, the voltage between the first and
the second terminals of the sixth converter transistor 215 is
small in comparison with the voltage between the first and
the second terminals of the fourth converter transistor 200.
Therefore, the voltage between the first and the second

terminals of the fourth converter transistor 200 is
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approximately equal to the voltage between the first and the
second terminals of the first converter transistor 242. The
fourth converter transistor 202 is realized with a ratio of
the channel width to the channel length W/L. The first
converter transistor 242 is realized with a smaller ratio of
the width of the channel to the length of the channel. The
width-to-length ratios differ by a factor N. Because the
voltages between the first and the second terminals of the
first and the fourth converter transistors 242, 200 are
approximately equal and the ratios of the channel width to
the channel length is smaller in the case of the first
converter transistor 242, a current flows through the first
converter transistor 242 which is by the factor N smaller
than the current through the fourth converter transistor 200
which is approximately the coil current IL. The output
voltage VOUT of the amplifier arrangement 1 is provided in
such a way that the first and the second input signals VN, VP
are approximately equal also in the second state of

operation.

The current flowing through the first converter transistor
242 also flows through the resistor 252 and the fifth
converter transistor 247. The output voltage VOUT of the
amplifier arrangement 1 controls the current through the
fifth converter transistor 247 in such a way that the first
and the second input signals VP, VN for the amplifier
arrangement 1 are approximately equal. Therefore, the current
through the resistor 252 is proportional to the current
through the fourth converter transistor 200 and the coil
current IL by the factor N. The first supply voltage VDD is
provided to the first power supply terminal 9 and the second
supply voltage VSS is provided to the second power supply

terminal 8. A sense current ISENSE flows through the resistor
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252 and a sense voltage VSENSE is provided at a node between
the resistor 252 and the fifth converter transistor 247.
Therefore, the voltage converter according to FIG. 2 provides
the current ISENSE and the voltage VSENSE in such a way that
it can be used for the measurement of the coil current IL
because a constant and known proportionality factor between
the coil current IL and the sense current ISENSE through the

resistor 252 is provided.
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Reference numerals

o 1 o N

10
11
12
13
18
19
30
31
32
33
38
39
51
56
57
58
62
67
72
13
91
96
97
98
102

amplifier arrangement

third mirror transistor
input stage

node

second power supply terminal
first power supply terminal
first current path

fourth current path

first node

first bias transistor

first transistor

first signal input terminal
second current path

third current path

second node

second bias transistor
second transistor

second signal input terminal
first field-effect transistor
first resistor

first coupling transistor
third node

third bias transistor

third transistor

node

fourth mirror transistor
second field-effect transistor
second resistor

second coupling transistor
fourth node

fourth bias transistor
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107

113

130

131

132

133

139

144

149

154

200

205

210

211

212

215

221

226

232

237

242

247

252

AT, AT2
IB, IB2
IL
ISENSE
11, I2, I3, I4
T

VDD
VLOAD
VM1, VM2
VN
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fourth transistor

second mirror transistor
output stage

capacitor

output node

fifth transistor

fifth bias transistor

sixth bias transistor

fifth mirror transistor
first mirror transistor
fourth converter transistor
seventh converter transistor
coil

capacitor

resistor

sixth converter transistor
eighth converter transistor
ninth converter transistor
third converter transistor
second converter transistor
first converter transistor
fifth converter transistor
resistor

time difference

mirror current

coil current

sense current

current

period

first supply voltage

load voltage

voltage

first input signal
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VNC
VOUT
VP

VPC
VSENSE
VSS
VXPC
V1

V2
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third control signal
output signal

second input signal
first control signal
sense voltage

second supply voltage
second control signal
first node voltage

second node voltage
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Claims

1. Amplifier arrangement, comprising

- a first transistor (18) with a control terminal to which a
first input signal (VN) is supplied for amplification,

- a first bias transistor (13) which is coupled to the first
transistor (18) via a first node (12) and

- a first field-effect transistor (51) for clamping of a
first node voltage (V1) which is provided at the first
node (12), wherein the first field-effect transistor (51)
comprises a control terminal which is connected to a
terminal of the first bias transistor (13) via the first
node (12) and the first field-effect transistor (51)
couples a control terminal of the first bias transistor

(13) to a first power supply terminal (9).

2. Amplifier arrangement according to claim 1,
wherein the first node voltage (V1) depends on a difference
of a control voltage of the first bias transistor (13) and a

control voltage of the first field-effect transistor (51).

3. Amplifier arrangement according to claim 1 or 2,
wherein the first field-effect transistor (51) is a metal-

oxide-semiconductor field-effect transistor.

4., Amplifier arrangement according to one of claims 1 to 3,
wherein the first transistor (18), the first node (12) and
the first bias transistor (13) are comprised by a first
current path (10) between the first supply terminal (9) and a

second supply terminal (8).

5. Amplifier arrangement according to one of claims 1 to 4,
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wherein a first coupling transistor (57) comprises a control
terminal which is connected to a second terminal of the first
coupling transistor (57) and the first coupling transistor
(57) couples the first node (12) to a third node (58) between
a first terminal of the first field-effect transistor (51)

and the control terminal of the first bias transistor (13).

6. Amplifier arrangement according to claim 4 and 5,

wherein a voltage (VDD) at the first supply terminal (9) is

higher than a voltage (VSS) at the second supply terminal (8)

and

- the first bias transistor (13) and the first coupling
transistor (57) are p-channel field-effect transistors and

- the first transistor (18) and the first field-effect

transistor (51) are n-channel field-effect transistors.

7. Amplifier arrangement according to one of claims 1 to 6,

wherein the amplifier arrangement (1) comprises

- a second transistor (38) with a control terminal to which
a second input signal (VP) is supplied for amplification,

- a second bias transistor (33) which is coupled to the
second transistor (38) via a second node (32) and

- a second field-effect transistor (91) for clamping of a
second node voltage (V2) which is provided at the second
node (32),

wherein the first and the second transistors (18, 38) are

coupled to each other to provide a differential amplification

of the first and the second input signals (VN, VP).

8. Amplifier arrangement according to claim 7,
wherein the second node voltage (V2) depends on a difference
of a control voltage of the second bias transistor (33) and a

control voltage of the second field-effect transistor (91).
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9. Amplifier arrangement according to claim 7 or 8,
wherein the second field-effect transistor (91) is a metal-

oxide-semiconductor field-effect transistor.

10. Amplifier arrangement according to one of claims 1 to 9,

wherein the amplifier arrangement (1) comprises a third

current path (11) with

- a third transistor (67) and

- a third bias transistor (62) which is coupled to the third
transistor (67) and which comprises a control terminal
which is connected to a control terminal of the first bias

transistor (13).

11. Amplifier arrangement according to claim 10,

wherein the amplifier arrangement (1) comprises a fourth

current path (31) with

- a fourth transistor (107) with a control terminal which is
coupled to a second terminal of the fourth transistor
(107) and to a control terminal of the third transistor
(67) and

- a fourth bias transistor (102) which is coupled to the
fourth transistor (107) and which comprises a control
terminal which is connected to a control terminal of the

second bias transistor (33).

12. Amplifier arrangement according to claim 11,

wherein

- a second current path (30) comprises the second transistor
(38), the second node (32) and the second bias transistor

(33),
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- a current in the fourth current path (31) is a linear
function of a second current (I2) in the second current
path (30) and

- a first current (Il) in the first current path (10) and a
second current (I2) in the second current path (31) are
compared by a current comparator formed by the third bias

transistor (62) and the third transistor (67).

13. Amplifier arrangement according to one of claims 10 to

12,

wherein the amplifier arrangement (1) comprises an output

stage (130), comprising

- a fifth transistor (133) with a control terminal which is
coupled to a node (72) between the third transistor (67)
and the third bias transistor (62) and

- an output node (132) of the amplifier arrangement (1),
which is coupled to a second terminal of the fifth

transistor (133).

14. Voltage converter, comprising a measurement circuit for
sensing a coil current (IL) according to the error amplifier
voltage mirror principle with an amplifier arrangement (1)

according to one of claims 1 to 13.

15. Voltage converter according to claim 14 and including the

features of claim 7, comprising

- a first converter transistor (242) which is coupled to the
control terminal of the second transistor (38) of the
amplifier arrangement (1) and comprises a control terminal
to which a first control signal (VPC) is supplied and

- a second converter transistor (237) which is coupled to

the control terminal of the second transistor (38) of the
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amplifier arrangement (1) and comprises a control terminal

to which a second control signal (VXPC) is supplied.

l16. Voltage converter according to claim 15,

wherein the voltage converter comprises

- a third converter transistor (232) which is coupled to the
control terminal of the first transistor (18) of the
amplifier arrangement (1) and comprises a control terminal
to which the second control signal (VXPC) is supplied and

- a fourth converter transistor (200) which is coupled to
the control terminal of the first transistor (18) of the
amplifier arrangement (1) and comprises a control terminal

to which the first control signal (VPC) is supplied.

17. Voltage converter according to claim 16,

wherein the first and the fourth converter transistors (200,
242) are field-effect transistors and wherein a ratio of the
channel width to the channel length W/L of the fourth
converter transistor (200) is by a factor N greater than a
ratio of the channel width to the channel length of the first

converter transistor (242).

18. Voltage converter according to one of claims 15 to 17,

wherein the voltage converter comprises

- a resistor (252) and

- a fifth converter transistor (247) which couples the
resistor (252) to the control terminal of the second

transistor (38) of the amplifier arrangement (1).

19. Voltage converter according to claim 18,
wherein the fifth converter transistor (247) is a n-channel

metal-oxide-semiconductor field-effect transistor.
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20. Method for amplification,

comprising the steps of:

- providing a first input signal (VN) to a first transistor
(18),

- providing a current (I2) to the first transistor (18)
using a first bias transistor (13),

- clamping a first node (12) between the first transistor
(18) and the first bias transistor (13) using a first
field-effect transistor (51) by supplying a first node
voltage (V1) which is provided at the first node (12) to a
control terminal of the first field-effect transistor (51)
which couples a control terminal of the first bias

transistor (13) to a first power supply terminal (9).
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