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METHOD FOR CONTROLLING FAST
TRACKING POWER SUPPLY, FAST
TRACKING POWER SUPPLY, AND SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of International
Application No. PCT/CN2011/071365, filed on Feb. 28,
2011, which claims priority to Chinese Patent Application
No. 201010188621.9, filed on May 31, 2010, both of which
are hereby incorporated by reference in their entireties.

FIELD OF THE APPLICATION

[0002] The present application relates to the field of com-
munications technologies, and in particular to a method for
controlling a fast tracking power supply, a fast tracking power
supply, and a system.

BACKGROUND OF THE APPLICATION

[0003] To fully utilize a spectrum, current radio communi-
cation systems such as a Code Division Multiple Address
(CDMA, Code Division Multiple Address), a Wideband
Code Division Multiple Address (WCDMA, Wideband Code
Division Multiple Address), a Universal Mobile Telecommu-
nication System (UMTS, Universal Mobile Telecommunica-
tion System), a Next Generation Network (LTE, Long Term
Evolution) and other networks generally adopt variable enve-
lope modulation technologies capable of performing ampli-
tude modulation and phase modulation at the same time.
[0004] The variable envelope modulation technologies
need to use a linear amplifier to amplify a signal, which is
generally implemented by using a technology based on Enve-
lope Tracking (ET, Envelope Tracking) to ensure linearity and
improve power amplification efficiency. As shown in FIG. 1a,
after a radio frequency signal is input, a driving amplifier 01
performs driving amplification on the radio frequency signal,
and then outputs the radio frequency signal to a radio fre-
quency power amplifier 02; meanwhile, an envelope detector
03 extracts an envelope signal of the radio frequency signal,
and a fast tracking power supply 04 amplifies the envelope
signal, where the amplified envelope signal is used as a drain
voltage of the radio frequency power amplifier; and finally the
radio frequency power amplifier 02 outputs the amplified
radio frequency signal.

[0005] With the development of multi-carrier technologies,
the requirements on the bandwidth and efficiency of the fast
tracking power supply are increasingly high, and it is difficult
to meet the requirements by using a common switch power
supply as the fast tracking power supply. Therefore, the prior
art provides a novel fast tracking power supply. Referring to
FIG. 15, in the solution, a power supply is divided into two
parts: a linear power supply 041 and a switch power supply
042. The linear power supply 041 and the switch power
supply 042 are connected in parallel at an output end, and
supply power for radio frequency power amplification
together. The linear power supply 041 outputs high-fre-
quency power, and the switch power supply 042 outputs
low-frequency power. The linear power supply 041 is a volt-
age source and uses a voltage closed loop to track a high-
frequency envelope signal. The switch power supply 042 is a
low-frequency current source and uses a current closed loop
to detect an output current of the linear power supply 041 and
adjust an output current of itself (that is, the switch power
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supply 042) according to the output current of the linear
power supply 041, so that the output current of the linear
power supply 041 is as low as possible. In the solution, it is
ensured that the output has low distortion through the linear
power supply 041, and the whole efficiency is improved
through the switch power supply 042.

[0006] During the research and implementation of the prior
art, the inventors find that the whole power amplification
efficiency of the fast tracking power supply in the solution is
low.

SUMMARY OF THE APPLICATION

[0007] The embodiments below provide a method for con-
trolling a fast tracking power supply, a fast tracking power
supply, and a system, which may improve the whole power
amplification efficiency.

[0008] A fast tracking power supply includes a combined
controllable voltage source, a current detection unit and a
tracking current source, where the combined controllable
voltage source includes a linear amplifier and a power supply
voltage switching unit.

[0009] The linear amplifier is configured to receive a first
control signal extracted from a reference signal, and control a
load voltage according to the received first control signal.
[0010] The power supply voltage switching unit is config-
ured to receive a second control signal extracted from the
reference signal, and provide different power supply voltage
combinations for the linear amplifier according to the
received second control signal.

[0011] The current detection unit is configured to detect an
output current of the combined controllable voltage source,
and output a third control signal according to a detection
result.

[0012] The tracking current source is configured to receive
the third control signal output by the current detection unit,
and adjust an output current of the tracking current source
according to the third control signal, so as to implement
high-efficiency low-frequency tracking of a load current.
[0013] The combined controllable voltage source is con-
nected to the current detection unit in series and then con-
nected to the tracking current source in parallel, to provide a
current for a load.

[0014] A communication system includes an envelope
detector, a driving amplifier, a radio frequency power ampli-
fier and any one of the fast tracking power supplies provided
by the embodiment.

[0015] The envelope detector is configured to detect a radio
frequency signal, extract an envelope signal from the radio
frequency signal, use the envelope signal as a reference sig-
nal, and provide the reference signal for a fast tracking power
supply.

[0016] The fast tracking power supply is configured to
receive the envelope signal extracted by the envelope detec-
tor, and provide a drain voltage and current for the radio
frequency power amplifier according to the envelope signal.
[0017] The driving amplifier is configured to receive the
radio frequency signal, and perform driving amplification on
the radio frequency signal.

[0018] The radio frequency power amplifier is configured
to receive the radio frequency signal that has undergone the
driving amplification performed by the driving amplifier and
amplify the radio frequency signal.
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[0019] A method for controlling a fast tracking power sup-
ply, comprising:

[0020] receiving a second control signal extracted from a
reference signal, and providing different power supply volt-
age combinations for a linear amplifier in a combined con-
trollable voltage source according to the second control sig-
nal;

[0021] receiving a first control signal extracted from the
reference signal, and providing a voltage for a load according
to the received first control signal under the effect of the
voltage combinations;

[0022] detecting an output current of the combined control-
lable voltage source, and outputting a third control signal
according to detection conditions; and

[0023] adjusting an output current of a tracking current
source according to the third control signal, so as to imple-
ment high-efficiency low-frequency tracking of a load cur-
rent.

[0024] The fast tracking power supply according to the
embodiments adopts the combined controllable voltage
source to provide the voltage for the load, and the combined
controllable voltage source is connected to the tracking cur-
rent source in parallel to provide the current for the load. The
tracking current source is responsible for providing a low-
frequency high current for the load to implement high-effi-
ciency low-frequency tracking ofthe load current and reduc-
ing the output current of the combined controllable voltage
source as much as possible. Meanwhile, the power supply
voltage switching unit in the combined controllable voltage
source adjusts a power supply voltage range of the linear
amplifier in the combined controllable voltage source, so as to
reduce the power supply voltage range of the linear amplifier,
thereby reducing power consumption of the combined con-
trollable voltage source. Moreover, because the power supply
voltage range of the linear amplifier is reduced, the linear
amplifier may further implement a higher tracking band-
width, which may improve the whole power amplification
efficiency of the fast tracking power supply.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] To illustrate the technical solutions according to the
embodiments or in the prior art more clearly, the accompa-
nying drawings for describing the embodiments or the prior
art are introduced briefly in the following. Apparently, the
accompanying drawings in the following description are only
some embodiments, and persons of ordinary skill in the art
can derive other drawings from the accompanying drawings
without creative efforts.

[0026] FIG. 1a is a schematic structural diagram of a vari-
able envelope modulation system in the prior art;

[0027] FIG. 15 is a schematic structural diagram of a fast
tracking power supply in the prior art;

[0028] FIG. 2 is a schematic structural diagram of a fast
tracking power supply according to Embodiment 1;

[0029] FIG. 3 is a schematic structural diagram of a fast
tracking power supply according to Embodiment 2;

[0030] FIG. 4 is an equivalent circuit diagram of a fast
tracking power supply according to Embodiment 3;

[0031] FIG. 5 is an equivalent circuit diagram of a fast
tracking power supply according to Embodiment 4;

[0032] FIG. 6 is a voltage curve diagram of each unit in the
fast tracking power supply according to Embodiment 4;
[0033] FIG. 7 is a current curve diagram of each unit in the
fast tracking power supply according to Embodiment 4;
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[0034] FIG. 8 is an equivalent circuit diagram of a fast
tracking power supply according to Embodiment 5;

[0035] FIG.9 is a voltage curve diagram of each unit in the
fast tracking power supply according to Embodiment 5;
[0036] FIG. 10 is a schematic structural diagram of a com-
munication system according to an embodiment;

[0037] FIG. 11 is another schematic structural diagram of'a
communication system according to an embodiment; and
[0038] FIG. 12 is a flow chart of a method for controlling a
fast tracking power supply according to an embodiment.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0039] The described technical solutions are better under-
stood with reference to the accompanying drawings. The
embodiments described below are merely exemplary

[0040] Embodiments provide a method for controlling a
fast tracking power supply, a fast tracking power supply and
a system, which are described in detail in the following.

Embodiment 1

[0041] A fast tracking power supply is provided. Referring
to FIG. 2, the fast tracking power supply includes a combined
controllable voltage source 11, a current detection unit 12 and
atracking current source 13. The combined controllable volt-
age source 11 includes a linear amplifier 111 and a power
supply voltage switching unit 112.

[0042] The linear amplifier 111 is configured to receive a
first control signal extracted from a reference signal and pro-
vide a voltage for a load 14 according to the received first
control signal. The linear amplifier 111 may adopt an ampli-
fier with a push-pull (Push-Pull) structure, and may be a linear
amplifier of class A (ClassA), class B (ClassB), or class AB
(ClassAB).

[0043] The power supply voltage switching unit 112 is
configured to receive a second control signal extracted from
the reference signal, and provide different power supply volt-
age combinations for the linear amplifier 111 according to the
received second control signal. In this way, a power supply
voltage range of the linear amplifier 111 is not required to
cover a whole voltage range, but maintains within a small
power supply voltage range. Because a current provided by
the linear amplifier occupies a small proportion of a load
current, if the covered power supply voltage range is reduced
at the same time, power consumed by the linear amplifier is
also reduced, that is, the power consumption of a high-preci-
sion low-efficiency part of the combined controllable voltage
source is reduced and the efficiency of the whole device is
improved.

[0044] The current detection unit 12 is configured to detect
an output current of the combined controllable voltage source
11, and output a third control signal according to detection
conditions.

[0045] The tracking current source 13 is configured to
receive the third control signal output by the current detection
unit 12, and adjust an output current of the tracking current
source 13 according to the third control signal, so as to imple-
ment high-efficiency low-frequency tracking of the load cur-
rent. The tracking current source may be specifically formed
by a BUCK (BUCK) circuit, a BOOST (BOOST) circuit, a
BUCK-BOOST (BUCK-BOOST) circuit, or a CUK (CUK)
circuit.
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[0046] Thecombined controllable voltage source 11 is con-
nected to the current detection unit 12 in series and then
connected to the tracking current source 13 in parallel, to
provide a current for the load 14. Because the tracking current
source 13 has a feature of high efficiency and low precision,
while the linear amplifier 111 has a feature of low efficiency
and high precision, in order to improve the whole efficiency of
the fast tracking power supply, the tracking current source 13
provides a large part of a low-frequency current in the load
current, so as to implement high-efficiency low-frequency
tracking ofthe load current. The combined controllable volt-
age source 11 outputs a low current that is equal to a differ-
ence of the load current and the output current of the tracking
current source 13, for example, if the load current is Io, and
the output current of the tracking current source 13 is 11, the
output current of the combined controllable voltage source 11
is Jo-I1.

[0047] It can be seen from the above that, the fast tracking
power supply of this embodiment adopts the combined con-
trollable voltage source 11 to provide the voltage for the load
14, and the combined controllable voltage source 11 is con-
nected to the current detection unit 12 in series and then
connected to the tracking current source 13 in parallel to
provide the current for the load. The tracking current source
13 is responsible for providing a low-frequency high current
for the load 14 to implement high-efficiency low-frequency
tracking of the load current and reducing the output current of
the combined controllable voltage source 11 as much as pos-
sible. Meanwhile, the power supply voltage switching unit
112 in the combined controllable voltage source 11 adjusts a
power supply voltage range of the linear amplifier 111 in the
combined controllable voltage source 11, so as to reduce the
power supply voltage range of the linear amplifier 111,
thereby reducing power consumption of the combined con-
trollable voltage source 11. Moreover, because the power
supply voltage range of the linear amplifier 111 is reduced,
the linear amplifier 111 may further implement a higher
tracking bandwidth, which may improve the whole power
amplification efficiency of the fast tracking power supply.

Embodiment 2

[0048] According to the fast tracking power supply
described in Embodiment 1, the power supply voltage switch-
ing unit 112 may include a level selection branch and at least
two voltage sources with different voltage values, which are
described as follows:

[0049] A voltage source is configured to provide a voltage,
and may be implemented in multiple forms according to
requirements in actual applications.

[0050] The level selection branch is configured to receive a
second control signal, and select a voltage source according
to the received second control signal, so as to provide a power
supply voltage for the linear amplifier 111.

[0051] Thelevel selectionbranch is formed by devices such
as a driving device, a switch device and a diode.

[0052] The driving device is configured to receive the sec-
ond control signal, select a voltage source according to the
received second control signal, and drive the switch device to
perform switching. Specifically, a bootstrap driving device or
an isolation driving device may be used, for example, a drive
1 (DRV1, Driverl), DRV2 or DRV3 may be used.

[0053] The switch device is configured to perform the
switching among the voltage sources, and may be a device,
such as specifically a high-speed metal-oxide-semiconductor
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field-effect transistor (MOSFET, Metal-Oxide-Semiconduc-
tor Field-Effect Transistor), and a triode.

[0054] The diode is configured to prevent straight-through
among different voltages and provide reverse prevention.
[0055] It should be noted that, a specific implementation
circuit of the level selection branch is not limited, and the
level selection branch may be implemented by using different
circuits according to specific constituting devices. The level
selection branch switches and selects different voltage
sources and then outputs a step-like voltage to supply power
for the linear amplifier.

[0056] The current detection unit 12 is specifically config-
ured to detect an output current of the combined controllable
voltage source 11, when detecting that the output current of
the combined controllable voltage source 11 is increased,
output a third control signal instructing to increase the output
current of the tracking current source 13; and when detecting
that the output current of the combined controllable voltage
source 11 is decreased, output a third control signal instruct-
ing to reduce the output current of the tracking current source
13.

[0057] At this time, the tracking current source 13 is spe-
cifically configured to increase the output current of the track-
ing current source 13 when receiving the third control signal
instructing to increase the output current of the tracking cur-
rent source 13 and output by the current detection unit 12, and
reduce the output current of the tracking current source 13
when receiving the third control signal instructing to reduce
the output current of the tracking current source 13 and output
by the current detection unit 12.

[0058] Further, referring to FIG. 3, the fast tracking power
supply may further include a control unit 10.

[0059] The control unit 10 is configured to receive a refer-
ence signal, output a first control signal to the power supply
voltage switching unit 112 and output a second control signal
to the linear amplifier 111 according to the reference signal.
[0060] The reference signal is an envelope signal sent by an
envelope detector. Because the voltage and power of the
envelope signal are generally low, it is required to amplify the
voltage and power of the envelope signal through the fast
tracking power supply device in the embodiments, and then
the amplified envelope signal is used as a drain voltage of a
radio frequency power amplifier, which is not described in
detail herein again. For details, refer to the prior art. The
envelope signal used as the reference signal may be specifi-
cally an analog signal or a digital signal.

[0061] After receiving the reference signal, the control unit
10 outputs a first control signal to the power supply voltage
switching unit 112, and outputs a second control signal to the
linear amplifier 111. To ensure that each unit outputs the
signals that match with other in the aspect of time so as to
obtain correct output signals after superposition, the control
unit 10 may further perform delay matching on the first con-
trol signal and the second control signal.

[0062] During specific implementation, the control unit 10
may be a digital signal processing (DSP, Digital Signal Pro-
cessing) or a field programmable gate array (FPGA, Field
Programmable Gate Array) processing chip or other process-
ing units with similar functions.

[0063] It can be seen from the above that, the fast tracking
power supply of this embodiment uses the combined control-
lable voltage source 11 to provide the voltage for theload, and
the combined controllable voltage source 11 is connected to
the current detection unit 12 in series and then connected to
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the tracking current source 13 in parallel to provide the cur-
rent for the load. The tracking current source 13 with the
feature of high efficiency and low precision is responsible for
providing a large part of the current in the load current to
implement high-efficiency low-frequency tracking of the
load current and reducing the output current of the combined
controllable voltage source 11 (that is, reducing the output
current of the linear amplifier 111) as much as possible, so as
to reduce the output power of the linear amplifier 111 with the
feature of low efficiency and high precision. Therefore, the
power consumption is reduced because of the low output
efficiency of the linear amplifier 111 (because the linear
amplifier 111 is a device with the feature of low efficiency and
high precision), thereby improving the whole switching effi-
ciency of the fast tracking power supply.

[0064] Meanwhile, the power supply voltage switching
unit 112 in the combined controllable voltage source 11
adjusts the power supply voltage range of the linear amplifier
111 in the combined controllable voltage source 11, so as to
reduce the power supply voltage range of the linear amplifier
111 and further reduce the power consumption of the com-
bined controllable voltage source 11. Moreover, because the
power supply voltage range of the linear amplifier 111 is
reduced, the linear amplifier 111 may further implement a
higher tracking bandwidth.

[0065] To sum up, through the solution, the whole power
amplification efficiency of the fast tracking power supply is
improved at the same time when it is ensured to output a
high-bandwidth and high-precision signal.

Embodiment 3

[0066] According to the fast tracking power supply
described in Embodiment 1 and Embodiment 2, the following
takes an example for further detailed description.

[0067] FIG. 4 shows an equivalent circuit of the fast track-
ing power supply, which includes a combined controllable
voltage source Al1, a current detection unit A12 and a track-
ing current source A13. The combined controllable voltage
source A1l is connected to the current detection unit A12 in
series and then connected to the tracking current source A13
in parallel.

[0068] The combined controllable voltage source Al1l is
equivalent to the combined controllable voltage source 11 in
FIG. 3, and may include a controllable voltage source A111,
a driving device, a switch S1 and three voltage sources: V1,
V2 and V3.

[0069] The controllable voltage source A111 is equivalent
to the linear amplifier 111 in FIG. 3, and is configured to
receive a first control signal extracted from a reference signal
and provide a voltage for a load 14 according to the received
first control signal.

[0070] A portion A112 formed by the switch S1, the driving
device and a voltage source is equivalent to the power supply
voltage switching unit 112 in FIG. 3, and is configured to
receive a second control signal extracted from the reference
signal and provide different power supply voltage combina-
tions for the controllable voltage source A111 according to
the received second control signal.

[0071] The switching may be implemented through the
switch S1. For example, when the switch S1 is connected to
the voltage source V1, a voltage value output to the control-
lable voltage source A111 (that is, the linear amplifier 111) is
V1; and when the switch S1 is connected to the voltage source
V2, a voltage value output to the controllable voltage source
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A111 is V2. The switch S1 may be specifically a device such
as a high-speed MOSFET or a triode.

[0072] Definitely, in order to drive the switch S1 to switch,
a corresponding driving device is required. For example,
referring to a driving device in FIG. 4, the driving device is
mainly configured to receive the second control signal, select
a voltage source according to the received second control
signal, and drive the switch S1 to switch. According to con-
ditions in actual applications, the driving device may adopt a
bootstrap driving device or an isolation driving device.
[0073] The current detection unit A12 is equivalent to the
current detection unit 12 in FIG. 3, and is configured to detect
the output current “I1-Io” of the combined controllable volt-
age source A11 and output a third control signal according to
the detection conditions. For example, when detecting that
the output current “I1-Io” of the combined controllable volt-
age source 11 is increased, the current detection unit A12
outputs a third control signal instructing to increase the output
current I1 of the tracking current source 13; and when detect-
ing that the output current “I1-lo” of the combined control-
lable voltage source 11 is decreased, the current detection unit
A12 outputs a third control signal instructing to reduce the
output current 1 of the tracking current source 13.

[0074] The tracking current source A 13 is equivalent to the
tracking current source 13 in FIG. 3, and is configured to
receive the third control signal output by the current detection
unit 12 and adjust the output current 11 of the tracking current
source 13 according to the third control signal, so as to imple-
ment high-efficiency low-frequency tracking of the load cur-
rent lo. For example, if the received third control signal indi-
cates to increase the output current I1 of the tracking current
source 13, the tracking current source A13 increases the out-
put current I1 of the tracking current source 13; and if the
received third control signal indicates to reduce the output
current 11 of the tracking current source 13, the tracking
current source A13 reduces the output current I1 of the track-
ing current source 13.

[0075] Definitely, the circuit of the fast tracking power
supply may further include a control unit 10, which is not
described in detail herein again. For details, refer to Embodi-
ment 2.

[0076] In addition, it should be noted that, in this embodi-
ment, that three voltage sources are switched is taken as an
example for description. In the actual application, the number
of'the voltage sources and the number of the switches may be
adjusted according to actual requirements.

[0077] It can be seen from the above that, the fast tracking
power supply of this embodiment uses the combined control-
lable voltage source A11 to provide the voltage for the load,
and the combined controllable voltage source All is con-
nected to the current detection unit A12 in series and then
connected to the tracking current source A13 in parallel to
provide the current for the load. The first tracking current
source A13 with the feature of high efficiency and low preci-
sion is responsible for providing a large part of the current in
the load current to implement high-efficiency low-frequency
tracking of the load current and reducing the output current of
the controllable voltage source A111 as much as possible, so
as to reduce the output power of the controllable voltage
source A111 with the feature of low efficiency and high
precision. Therefore, the power consumption is reduced
because of the low output efficiency of the controllable volt-
age source Al11, thereby improving the whole switching
efficiency of the fast tracking power supply.
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[0078] Meanwhile, the devices such as the driving device
and the switch S1 adjust the power supply voltage range of the
controllable voltage source A111, so as to reduce the power
supply voltage range of the controllable voltage source A111
and further reduce the power consumption of the combined
controllable voltage source All. Moreover, because the
power supply voltage range of the controllable voltage source
A111 is decreased, the controllable voltage source A111 may
further implement a higher tracking bandwidth.

[0079] To sum up, through the solution, the whole power
amplification efficiency of the fast tracking power supply is
improved at the same time when it is ensured to output a
high-bandwidth and high-precision signal.

Embodiment 4

[0080] Inthis embodiment, another equivalent circuit of the
fast tracking power supply is taken as an example for descrip-
tion.

[0081] FIG. 5 shows another equivalent circuit of the fast
tracking power supply, which includes a controller B10, a
combined controllable voltage source B11, a current detec-
tion unit B12 and a switch tracking current source B13. The
combined controllable voltage source B11 is connected to the
current detection unit B12 in series and then connected to the
tracking current source B13 in parallel. The combined con-
trollable voltage source B11 is equivalent to the combined
controllable voltage source 11, and is configured to control
the output voltage and provide the output voltage to the load.
The combined controllable voltage source B11 may include a
linear amplifier B111 and a power supply voltage switching
unit B112.

[0082] The controller B10 is equivalent to the control unit
10 in FIG. 3, and is configured to receive a reference signal,
output a first control signal to the power supply voltage
switching unit 112 and output a second control signal to the
linear amplifier 111 according to the reference signal. The
reference signal here is an envelope signal that has undergone
detection performed by an envelope detector, and the enve-
lope signal may be a digital signal that has undergone digiti-
zation performed by the envelope detector or an analog sig-
nal. During the procedure in which the controller B10
processes the reference signal, it is further required to per-
form delay matching on the first control signal and the second
control signal obtained after the processing, so that a correct
output signal may be obtained after the signals output by each
unit are superposed at the same time.

[0083] The linear amplifier B111 is equivalent to the linear
amplifier 111 in FIG. 3, and is configured to receive the first
control signal sent by the controller B10 and provide a voltage
for the load 14 according to the received first control signal.
The linear amplifier 111 may adopt an amplifier with a Push-
Pull structure, and may adopt, but not limited to, a linear
amplifier of Class A, Class B, or Class AB according to actual
requirements. In order to improve the tracking precision, the
linear amplifier 111 may further adopt output feedback con-
trol, as shown in FIG. 5.

[0084] The power supply voltage switching unit B112 is
equivalent to the power supply voltage switching unit 112 in
FIG. 3, and is configured to receive the second control signal
sent by the controller B10 and provide a positive power sup-
ply voltage rail-power supply level VCC for the linear ampli-
fier B111 according to the received second control signal.
[0085] The current detection unit B12 is equivalent to the
current detection unit 12 in FIG. 3, and is configured to detect
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the output current of the combined controllable voltage
source B11 and output a third control signal according to the
detection conditions. For example, when detecting that the
output current of the combined controllable voltage source 11
is increased, the current detection unit B12 outputs a third
control signal instructing to increase the output current of the
tracking current source 13; and when detecting that the output
current of the combined controllable voltage source 11 is
decreased, the current detection unit B12 outputs a third
control signal instructing to reduce the output current of the
tracking current source 13.

[0086] The tracking current source B13 is equivalent to the
tracking current source 13 in FIG. 3, and is configured to
receive the third control signal output by the current detection
unit B12 and adjust the output current of the tracking current
source B13 according to the third control signal, so as to
implement high-efficiency low-frequency tracking of the
load current. For example, if the received third control signal
indicates to increase the output current of the tracking current
source 13, the tracking current source B13 increases the out-
put current of the tracking current source 13; and if the
received third control signal indicates to reduce the output
current of the tracking current source 13, the tracking current
source B13 reduces the output current of the tracking current
source 13.

[0087] The power supply voltage switching unit B112 may
include multiple power supply voltage switching tributaries
each of which is formed by a voltage source, a diode, a
MOSFET and a driving device, and each power supply volt-
age switching tributary has different voltage sources.

[0088] For example, referring to FIG. 5, the power supply
voltage switching unit B112 has three positive power supply
voltage rail-power supply levels Veel, Vee2 and Vece3, and
each positive power supply voltage rail-power supply level
corresponds to one power supply voltage switching tributary.
In order to prevent straight-through among different levels,
each power supply voltage switching tributary has one diode,
referring to D1, D2 and D3 in FIG. 5. The diodes are config-
ured to provide a function of reverse prevention. In addition,
each power supply voltage switching tributary is connected to
one MOSFET in series, such as M1, M2 and M3 in FIG. 5.
The MOSFETs are equivalent to switch tubes and are config-
ured to select a proper level among the positive power supply
voltage rail-power supply levels Vcel to Vee3 through the
second control signal and provide the level for the linear
amplifier B111. In order to drive the MOSFETs, each MOS-
FET corresponds to one driving device, for example, M1
corresponds to a driving device DRV1, M2 corresponds to a
driving device DRV2, and M3 corresponds to adriving device
DRV3, and the driving devices may be specifically bootstrap
driving devices or isolation driving devices.

[0089] The switch tracking current source B13 may be
formed by a single-channel buck circuit without output
capacitance, and is configured to control on and off of a
switch tube M4 through the third control signal to change the
current in an inductor [.1 and further to implement the control
of'the output current of the tracking current source B13, so as
to implement high-efficiency low-frequency tracking of the
load current.

[0090] The switch tracking current source B13 may further
include a diode D4 and a driving device DRV4.



US 2013/0078939 Al

[0091] The diode D4 is connected to the switch tube M4 in
parallel, and is configured to provide a path for continuous
flow of an inductive current when the switch tube M4 is
turned off.

[0092] The driving device DRV4 is configured to drive the
switch tube M4 according to the third control signal.

[0093] Optionally, the switch tracking current source B13
may further include a modulator/controller B131, and the
modulator/controller B131 is connected to the driving device
DRV4 in series to modulate and control the received third
control signal.

[0094] In the embodiment, because the input signals of the
linear amplifier are all analog signals, if the received first
control signal is a digital signal, digital/analog (D/A, Digital/
Analog) conversion is required to convert the digital signal
into an analog signal. Therefore, the fast tracking power sup-
ply may further include a D/A conversion unit B15.

[0095] The D/A conversion unit B15 is configured to con-
vert the received first control signal from a digital signal into
an analog signal, and transmit the analog signal to the linear
amplifier B111.

[0096] Through switching selection for different voltage
sources, the circuit may output a step-like voltage Vce to
supply power to the linear amplifier B111, that is, the output
voltage is used as a drain voltage of the linear amplifier B111.
[0097] Referring to FIG. 6, the voltage Vce output by the
power supply voltage switching unit B112 is shown by a
curve 1002, a waveform of the voltage output by the com-
bined controllable voltage source B11 is shown by a curve
1001, and a Vss voltage (that is, a negative voltage, specifi-
cally referring to the prior art) of the linear amplifier B111 is
shown by a curve 1003. It can be seen that, through the
switching the voltage sources performed by the power supply
voltage switching unit B112, the power supply voltage range
of the linear amplifier B111 may be dynamically decreased,
that is, the values of Vcc-Vss are reduced. Moreover, in the
fast tracking power supply, the tracking current source B13 is
mainly responsible for providing a large part of the current in
the load current to implement high-efficiency low-frequency
tracking of the load current, and the output current of the
linear amplifier B111 is low, so that the output power of the
linear amplifier B111 may be reduced, that is, the power
consumption is reduced because of low output efficiency of
the linear amplifier B111, thereby improving the whole
switching efficiency of the fast tracking power supply.
[0098] Forexample, referring to FIG. 7, when the reference
signal is a sine wave, if the load is a resistive load, the load
current may be shown by a curve 10010, the output current of
the tracking current source B13 is shown by a curve 10011,
and the output current of the combined controllable voltage
source B11 is shown by a curve 10012. It can be seen that, the
output current of the tracking current source B13 may imple-
ment high-efficiency low-frequency tracking of the load cur-
rent. Moreover, because the output current of the combined
controllable voltage source B11 (that is, the output current of
the linear amplifier B111) is low, the solution may improve
the switching efficiency of the whole device.

[0099] Inaddition, because the power supply voltage range
of'the linear amplifier B111 is decreased, the linear amplifier
B111 may further implement a higher tracking bandwidth.

Embodiment 5

[0100] On thebasis of the above embodiments, Vcc and Vss
may be adjusted at the same time according to the require-
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ments in an application scenario, that is, after receiving the
second control signal, the power supply voltage switching
unit 112 may control the values of Vcc and Vss at the same
time according to the second control signal.

[0101] For example, referring to FIG. 8, in the fast tracking
power supply, four voltage values of Vecl, Vec2, Vee3 and
Veced are provided, that is, altogether four voltage ranges such
as “Veel-Vssl”, “Veel-Vss2”, “Vee2-Vssl” and “Vee2-
Vss2” are provided for the liner amplifier 111, where Vecl
and Vec2 are controlled by a driving device DRVS and a
switch S5, and Vss1 and Vss2 are controlled by a driving
device DRV 6 and a switch S6. For example, when the second
control signal controls the driving device DRV5 to turn on the
switch S5 and meanwhile controls the driving device DRV 6
to turn on the switch S6, a power supply voltage tributary
where Vccel is located and a power supply voltage tributary
where Vssl is located are both changed into a path, and at this
time, the voltage range of the linear amplifier 111 is “Vcel-
Vss1”. When the second control signal controls the driving
device DRVS5 to turn off the switch S5 and meanwhile con-
trols the driving device DRV6 to turn on the switch S6, a
power supply voltage tributary where Vee2 is located and a
power supply voltage tributary where Vss1 is located are both
changed into a path, and at this time, the voltage range of the
linear amplifier 111 is “Vecc2-Vssl”. The rest can be deduced
in the same manner. Definitely, in order to prevent straight-
through among different voltages, each power supply voltage
switching tributary includes one diode, such as D5, D6, D7
and D8 in FIG. 8.

[0102] Referring to FIG. 9, a waveform of a voltage output
by the combined controllable voltage source 11 is shown by a
curve 2001, a Vcc voltage provided by the power supply
voltage switching unit 112 is shown by a curve 2002, and a
Vss voltage provided by the power supply voltage switching
unit 112 is shown by a curve 2003.

[0103] To sum up, through the switching of Vcc and Vss at
the same time performed by the power supply voltage switch-
ing unit 112, the power supply voltage range of the linear
amplifier 111 may be dynamically decreased, that is, the
values of Vce-Vss are reduced, thereby reducing the output
efficiency of the linear amplifier and improving the switching
efficiency of the device. Moreover, because the power supply
voltage range of the linear amplifier 111 is decreased, the
linear amplifier 111 may further implement a higher tracking
bandwidth.

[0104] It should be noted that, the composition form of the
power supply voltage switching unit 112 is not unique, and
may also be implemented through other circuits with similar
functions or integrated devices with corresponding functions
in the actual applications, for example, the MOSFET may
also be replaced by devices such as a triode, which is not
limited herein. In addition, the number of the voltage sources
may be adjusted according to requirements in the actual
applications, that is, in the actual applications, multiple volt-
age sources and multiple switching circuits may be used to
implement switching among more voltage rails.

Embodiment 6

[0105] Correspondingly, an embodiment further provides a
communication system. As shown in FIG. 10, the communi-
cation system includes an envelope detector 601, a driving
amplifier 603, a radio frequency power amplifier 604 and any
one of the fast tracking power supplies 602 provided by the
embodiments.
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[0106] The envelope detector 601 is configured to detect a
radio frequency signal, extract an envelope signal from the
radio frequency signal, use the extracted envelope signal as a
reference signal, and provide the reference signal to the fast
tracking power supply 602.

[0107] The fast tracking power supply 602 is configured to
receive the envelope signal extracted by the envelope detector
601, and provide a drain voltage and current for the radio
frequency power amplifier 604 according to the envelope
signal. For details, refer to the above embodiments.

[0108] The driving amplifier 603 is configured to receive
the radio frequency signal, and perform driving amplification
on the radio frequency signal.

[0109] The radio frequency power amplifier 604 is config-
ured to receive the radio frequency signal that has undergone
the driving amplification performed by the driving amplifier
603 and amplify the radio frequency signal.

[0110] As shown in FIG. 11, the communication system
may further include a transmission processing unit 605.
[0111] The transmission processing unit 605 is configured
to process the radio frequency signal that has undergone the
amplification performed by the radio frequency power ampli-
fier 604.

[0112] As shown in FIG. 11, the communication system
may further include a signal processing unit 606.

[0113] The signal processing unit 606 is configured to pro-
cess the radio frequency signal, and send the processed radio
frequency signal to the envelope detector 601 and the driving
amplifier 603.

[0114] It can be seen from the above embodiments that, in
the fast tracking power supply 602 in the communication
system, the tracking current source 13 provides a large part of
the current for the radio frequency power amplifier 604, so as
to implement high-efficiency low-frequency tracking of the
current of the radio frequency power amplifier 604. Mean-
while, the combined controllable voltage source 11 controls a
drain voltage of the radio frequency power amplifier 604, and
the output power of the linear amplifier 111 with the feature of
low efficiency and high precision is reduced by adjusting the
power supply voltage range of the linear amplifier 111, so that
the power consumption is reduced because of the low output
efficiency of the linear amplifier 111, thereby improving the
whole switching efficiency of the fast tracking power supply.
Moreover, because the power supply voltage range of the
linear amplifier 111 is decreased, the linear amplifier 111 may
further implement a higher tracking bandwidth. Because the
whole efficiency of the fast tracking power supply 602 is
improved, the efficiency of the communication system is also
improved.

Embodiment 7

[0115] Correspondingly, an embodiment further provides a
method for controlling a fast tracking power supply. Refer-
ring to FIG. 11, the method includes the following steps:
[0116] Step 701: Receive a second control signal extracted
from a reference signal, and provide different power supply
voltage combinations for a linear amplifier in a combined
controllable voltage source according to the second control
signal.

[0117] In this way, a power supply voltage range of the
linear amplifier 111 is not required to cover the whole voltage
range, but remains in a small power supply voltage range.
Because a current of the linear amplifier is low, if the covered
power supply voltage range is reduced, the power consump-
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tion of the linear amplifier may also be reduced, that is, the
power consumption of the combined controllable voltage
source is reduced.

[0118] Step 702: Receive a first control signal extracted
from the reference signal, and control a load voltage accord-
ing to the received first control signal under the effect of the
voltage combinations.

[0119] Step 703: Detect an output current of the combined
controllable voltage source, and output a third control signal
according to detection conditions.

[0120] For example, the output current of the combined
controllable voltage source is detected. When it is detected
that the output current of the combined controllable voltage
source is increased, a third control signal instructing to
increase the output current of a tracking current source is
output; and when it is detected that the output current of the
combined controllable voltage source is decreased, a third
control signal instructing to reduce the output current of the
tracking current source is output.

[0121] Step 704: Adjust the output current of the tracking
current source according to the third control signal, so as to
implement high-efficiency low-frequency tracking of a load
current.

[0122] Forexample, if the third control signal instructing to
increase the output current of the tracking current source is
received, increase the output current of the tracking current
source; and if the third control signal instructing to reduce the
output current of the tracking current source is received,
reduce the output current of the tracking current source.
[0123] Optionally, before step 701, the method for control-
ling the fast tracking power supply may further include steps
705 and 706.

[0124] Step 705: Receive areference signal, where an enve-
lope signal used as the reference signal may be specifically an
analog signal or a digital signal.

[0125] It should be noted that, because the type of the input
signal of the liner amplifier is an analog signal, it is further
required to convert a digital signal into the analog signal ifthe
input signal is the digital signal.

[0126] Step 706: Output a first control signal and a second
control signal according to the received reference signal.
[0127] Optionally, to ensure that each unit outputs the sig-
nals that match with other in the aspect of time so as to obtain
correct output signals after superposition, delay matching
may further be performed on the first control signal and the
second control signal.

[0128] For the details of the above steps, refer to the above
embodiments and the details.

[0129] It can be seen from the above that, in this embodi-
ment, the tracking current source with the feature of high
efficiency and low precision is controlled to provide a large
part of the current for the load according to the third control
signal, so as to implement high-efficiency low-frequency
tracking of the load current. Meanwhile, the combined con-
trollable voltage source is controlled to provide the voltage
for the load according to the first control signal, and the output
power of the linear amplifier with the feature of low efficiency
and high precision is reduced by adjusting a power supply
voltage range of the linear amplifier according to the second
control signal, so that the power consumption is reduced
because of the low output efficiency of the linear amplifier,
thereby improving the whole switching efficiency of the fast
tracking power supply. Moreover, because the power supply
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voltage range of the linear amplifier is decreased, the linear
amplifier may further implement a higher tracking band-
width.
[0130] To sum up, through the solution, the whole power
amplification efficiency of the fast tracking power supply is
improved at the same time when it is ensured to output a
high-bandwidth and high-precision signal.
[0131] Persons of ordinary skill in the art should under-
stand that all or a part of the steps of the method according to
the embodiments may be implemented by a program instruct-
ing relevant hardware. The program may be stored in a com-
puter readable storage medium, such as a read only memory
(ROM, Read Only Memory), a random access memory
(RAM, Random Access Memory), a magnetic disk or an
optical disk.
[0132] The method for controlling a fast tracking power
supply, the fast tracking power supply, and the system are
described in detail above. The principle and implementation
are described herein through specific examples. The descrip-
tion about the embodiments is merely provided for ease of
understanding of the method and core ideas, and should not
be construed as a limitation on the claims. Persons of ordinary
skill in the art can make variations and modifications to the
specific implementations provided herein. Such adapted
implementations are understood to fall within the scope of the
claims.
What is claimed is:
1. A fast tracking power supply, comprising:
a controllable voltage source that comprises a linear ampli-
fier and a power supply voltage switching unit;
a current detection unit; and
a tracking current source, wherein;
the linear amplifier is configured to receive a first control
signal extracted from a reference signal, and to control a
load voltage according to the received first control sig-
nal;
the power supply voltage switching unit is configured to
receive a second control signal extracted from the refer-
ence signal, and to provide different power supply volt-
age combinations for the linear amplifier according to
the received second control signal;
the current detection unit is configured to detect an output
current of the combined controllable voltage source, and
to output a third control signal according to a detection
result; and
the tracking current source is configured to receive the third
control signal output by the current detection unit, and
adjust an to output current of the tracking current source
according to the third control signal, so as to implement
low-frequency tracking of a load current,
wherein the controllable voltage source is connected to the
current detection unit in series and then connected to the
tracking current source in parallel to provide a current.
2. The fast tracking power supply according to claim 1,
wherein:
the power supply voltage switching unit comprises a level
selection branch and at least two voltage sources with
different voltage values;
the voltage source is configured to provide a voltage; and
the level selection branch is configured to receive the sec-
ond control signal, and to select the voltage source
according to the received second control signal, so as to
provide a power supply voltage for the linear amplifier.
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3. The fast tracking power supply according to claim 2,
wherein the level selection branch comprises

a driving device;

a switch device; and

a diode, wherein:

the driving device is configured to receive the second con-

trol signal, select the voltage source according to the
received second control signal, and to drive the switch
device to perform switching;

the switch device is configured to perform the switching

among the voltage sources; and

the diode is configured to provide isolation among different

voltages and provide reverse prevention.

4. The fast tracking power supply according to claim 1,
wherein the current detection unit is configured to:

determine an output current of the controllable voltage

source

when the current detection unit determines that the output

current of the combined controllable voltage source has
increased, the current detection unit outputs a third con-
trol signal that controls the tracking current source to
increase output current; and

when the current detection unit determines that the output

current of the combined controllable voltage source has
decreased, the current detection unit outputs a third con-
trol signal that controls the tracking current source to
reduce output current;

wherein the tracking current source increases and reduces

the tracking current source output current according to
the third control signal.

5. The fast tracking power supply according to claim 1,
wherein

the tracking current source is formed by a BUCK circuit, a

BOOST circuit, a BUCK-BOOST circuit, or a CUK
circuit.

6. The fast tracking power supply according to claim 5,
wherein

the control unit is further configured to perform delay

matching on the first control signal and the second con-
trol signal.

7. The fast tracking power supply according to claim 1,
further comprising a control unit, wherein the control unit is
configured to receive a reference signal, output a first control
signal to the power supply voltage switching unit, and output
a second control signal to the linear amplifier according to the
reference signal.

8. A communication system, comprising:

an envelope detector;

a driving amplifier;

a radio frequency power amplifier; and

afasttracking power supply according to claim 1, wherein;

the envelope detector is configured to detect a radio fre-

quency signal, extract an envelope signal from the radio
frequency signal, use the envelope signal as a reference
signal, and to provide the reference signal to the fast
tracking power supply;

the fast tracking power supply is configured to receive the

envelope signal extracted by the envelope detector, and
to provide a drain voltage and current for the radio
frequency power amplifier according to the envelope
signal;

the driving amplifier is configured to receive the radio

frequency signal, and to perform driving amplification
on the radio frequency signal; and
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the radio frequency power amplifier is configured to
receive the radio frequency signal that has undergone the
driving amplification performed by the driving amplifier
and amplify the radio frequency signal.
9. The communication system according to claim 8, further
comprising a transmission processing unit, wherein
the transmission processing unit is configured to process
the radio frequency signal that has undergone the ampli-
fication performed by the radio frequency power ampli-
fier.
10. The communication system according to claim 8,
wherein:
the power supply voltage switching unit comprises a level
selection branch and at least two voltage sources with
different voltage values;
the voltage source is configured to provide a voltage; and
the level selection branch is configured to receive the sec-
ond control signal, and to select the voltage source
according to the received second control signal, so as to
provide a power supply voltage for the linear amplifier.
11. The communication system according to claim 10,
wherein:
the level selection branch comprises a driving device, a
switch device and a diode;
the driving device is configured to receive the second con-
trol signal, select the voltage source according to the
received second control signal, and to drive the switch
device to perform switching;
the switch device is configured to perform the switching
among the voltage sources; and
the diode is configured to provide isolation among different
voltages and provide reverse prevention.
12. The communication system according to claim 8,
wherein
the current detection unit is configured to detect an output
current of the combined controllable voltage source and
to control the tracking current source via a third control
signal,
when the current detection unit determines that the output
current of the combined controllable voltage source has
increased, the third control signal of the current detec-
tion unit controls the tracking current source to increase
output current;
when the current detection unit determines that the output
current of the combined controllable voltage source has
decreased, the third control signal of the current detec-
tion unit controls the tracking current source to decrease
output current; and
the tracking current source is configured to increase and
decrease the output according to the third control signal.
13. The communication system according to claim 8,
wherein
the tracking current source is formed by a BUCK circuit, a
BOOST circuit, a BUCK-BOOST circuit, or a CUK
circuit.
14. The communication system according to claim 13,
wherein
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the control unit is further configured to perform delay
matching on the first control signal and the second con-
trol signal.

15. The communication system according to claim 8, fur-
ther comprising a control unit, wherein the control unit is
configured to receive a reference signal, output a first control
signal to the power supply voltage switching unit and output
a second control signal to the linear amplifier according to the
reference signal.

16. A method for controlling a fast tracking power supply,
comprising:

receiving a second control signal extracted from a refer-

ence signal;
providing different power supply voltage combinations for
a linear amplifier in a combined controllable voltage
source according to the second control signal;

receiving a first control signal extracted from the reference
signal;

providing a voltage for aload according to the received first

control signal under the effect of the voltage combina-
tions;

detecting an output current of the combined controllable

voltage source;

outputting a third control signal according to detection

conditions; and

adjusting an output current of a tracking current source

according to the third control signal, so as to implement
low-frequency tracking of a load current.
17. The method for controlling the fast tracking power
supply according to claim 16, wherein
detection of the output current of the combined control-
lable voltage source and outputting of the third control
signal according to the detection conditions comprises:

detecting an output current of the combined controllable
voltage source;

when determining that the output current of the combined

controllable voltage source has increased, controlling,
via a third control signal, the tracking current source to
increase output current; and

when determining that the output current of the combined

controllable voltage source has decreased, controlling,
via the third control signal the tracking current source to
reduce output current; and

adjusting, by tracking current source, the output current

according to the third control signal.

18. The method for controlling the fast tracking power
supply according to claim 16, further comprising:

receiving the reference signal; and

outputting the first control signal and the second control

signal according to the reference signal.

19. The method for controlling the fast tracking power
supply according to claim 16, further comprising:

performing delay matching on the first control signal and

the second control signal.



