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APPARATUS AND METHOD FOR
ADJUSTING ENVELOPE SIGNAL DELAY IN
ENVELOPE-TRACKING POWER AMPLIFIER

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based on and claims the benefit
of priority to Korean Patent Application No. 10-2015-
0013278, filed on Jan. 28, 2015 in the Korean Intellectual
Property Office, the disclosure of which is incorporated
herein in its entirety by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field

[0003] The present invention relates to an apparatus and a
method for adjusting an envelope signal delay in an envelope-
tracking power amplifier, and more particularly, to a technol-
ogy of the time synchronization between an input signal
inputted to an envelope-tracking power amplifier and an enve-
lope signal applied to a power supply unit of the envelope-
tracking power amplifier.

[0004] 2. Background

[0005] Recently, differently from a past Global System for
Mobile Communications (GSM), a mobile communication
system has been evolved to an Orthogonal Frequency Divi-
sion Multiplexing (OFDM) based communication system
that has amplitude which changes greatly. The OFDM based
communication system, such as Worldwide Interoperability
for Microwave Access (WiMAX) and Wireless Broadband
Internet (WiBro), is widely used, including the recently spot-
lighted Long-Term Evolution (LTE).

[0006] However, an OFDM-based transmitter has a prob-
lem in that a power amplifier does not operate efficiently due
to the characteristic of a high Peak to Average Power Ratio
(PAPR). In order to overcome this problem, various transmis-
sion structures have been proposed, including an envelope-
tracking power amplifier.

[0007] The envelope-tracking power amplifier may accom-
plish a high efficiency performance when a signal having a
waveform similar to an envelope of an input signal of the
power amplifier is applied to a power supply unit of the power
amplifier to always operate the power amplifier in a saturation
area.

[0008] However, when time synchronization between an
envelope signal applied to the power supply unit of the enve-
lope-tracking power amplifier and an envelope signal of an
input signal inputted to the envelope-tracking power ampli-
fier does not match properly, the non-linearity of an output of
the power amplifier may be generated significantly to lower
the quality of a signal and an adjacent channel leakage ratio
(ACLR) may be deteriorated to make it difficult to transmit a
wireless signal.

[0009] FIG. 1 illustrates a simulation result of adjacent
channel leakage ratio (ACLR) in accordance with a mis-
matched degree of time synchronization between an envelope
signal applied to the power supply unit of the envelope-
tracking power amplifier and an input signal inputted to the
envelope-tracking power amplifier with respect to a signal of
LTE 10 MHz having the characteristic of PAPR 8.7 dB.
Referring to FIG. 1, it can be seen that the ACLR may be
worse than —-45 dB even if the time synchronization is devi-
ated about ins.
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SUMMARY OF THE INVENTION

[0010] The present invention has been made in view of the
above problems, and provides an apparatus and a method for
matching the time synchronization between an input signal
inputted to an envelope-tracking power amplifier and an enve-
lope signal applied to a power supply unit of the envelope-
tracking power amplifier.

[0011] In accordance with an aspect of the present inven-
tion, an apparatus for adjusting an envelope signal delay in an
envelope-tracking power amplifier includes: an envelope sig-
nal providing unit configured to provide an envelope signal; a
variable negative group delay unit configured to adjust a
group delay of the envelope signal received from the envelope
signal providing unit and output the adjusted envelope signal;
an envelope modulator configured to modulate the envelope
signal outputted from the variable negative group delay unit;
a group delay difference detecting unit configured to detect a
group delay difference between the envelope signal which is
outputted from the envelope signal providing unit and the
envelope signal which is outputted from the envelope modu-
lator; and a control signal generating unit configured to gen-
erate a control signal to control a group delay value of the
variable negative group delay unit according to the group
delay difference. The apparatus further includes a power
amplifier configured to amplify a power of an input signal,
when the envelope signal which is outputted from the enve-
lope modulator is applied to a power supply unit. The enve-
lope signal providing unit includes: an extracting unit config-
ured to extract an envelope signal from all or part of the input
signal which is inputted to the power amplifier; and an enve-
lope signal processing unit configured to process the
extracted envelope signal. The variable negative group delay
unit performs a group delay for the envelope signal outputted
from the envelope signal providing unit so that time synchro-
nization between the envelope signal which is outputted from
the envelope modulator and the input signal is matched. The
variable negative group delay unit performs a group delay for
the envelope signal which is outputted from the envelope
signal providing unit in order to compensate a time difference
between the envelope signal which is outputted from the
envelope signal providing unit and the envelope signal which
is outputted from the envelope modulator. The apparatus fur-
ther includes a modem configured to transmit the envelope
signal. The apparatus further includes a group delay unit
configured to perform a group delay for the envelope signal
which is outputted from the envelope modulator to transmit to
the group delay difference detecting unit.

[0012] In accordance with another aspect of the present
invention, a method for adjusting an envelope signal delay in
an envelope-tracking power amplifier includes: providing an
envelope signal; performing a variable negative group delay
for the envelope signal; modulating the group delayed enve-
lope signal and applying to a power supply unit of a power
amplifier configured to amplify a power of an input signal;
detecting a group delay difference between the signal applied
to the power supply unit of the power amplifier and the enve-
lope signal; and performing the variable negative group delay
for the envelope signal to the extent of the group delay dif-
ference. Providing an envelope signal includes extracting and
processing all or part of the input signal and providing the
envelope signal. Providing an envelope signal includes gen-
erating an envelope signal by a modem. The method further
includes, before detecting a group delay difference, perform-
ing a group delay for the signal which is applied to the power



US 2016/0218679 Al

supply unit of the power amplifier. Performing a variable
negative group delay includes performing the variable nega-
tive group delay for the envelope signal so that time synchro-
nization between the signal which is applied to the power
supply unit of the power amplifier and the input signal which
is inputted to the power amplifier is matched.

[0013] The present technology may minimize a difference
of time delay between the input signal of the power amplifier
and the envelope signal applied to the power supply unit of the
power amplifier, thereby preventing the deterioration of the
output signal of the power amplifier which is generated due to
a time delay between the two signals.

[0014] Further, the present technology may minimize a
difference of time delay between the input signal of the power
amplifier and the envelope signal applied to the power supply
unit of the power amplifier, thereby maintaining the adjacent
channel leakage ratio in the output of the envelope-tracking
power amplifier to be able to accomplish a wireless transmis-
sion of a signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The objects, features and advantages of the present
invention will be more apparent from the following detailed
description in conjunction with the accompanying drawings,
in which:

[0016] FIG. 1 is a diagram illustrating a relation between
time synchronization between an envelope signal inputted to
a normal envelope-tracking power amplifier and a signal
applied to a power supply unit of the envelope-tracking power
amplifier and an adjacent channel leakage ratio (ACLR);
[0017] FIG.2 is adiagram illustrating a configuration of an
apparatus for adjusting an envelope signal delay in an enve-
lope-tracking power amplifier according to a first embodi-
ment of the present invention;

[0018] FIG. 3 is a diagram illustrating a configuration of an
apparatus for adjusting an envelope signal delay in an enve-
lope-tracking power amplifier according to a second embodi-
ment of the present invention;

[0019] FIG.4 is aflowchart illustrating a method for adjust-
ing an envelope signal delay in an envelope-tracking power
amplifier according to an embodiment of the present inven-
tion;

[0020] FIG. 5A is a graph simulating output waveforms of
an output signal of an envelope signal providing unit and an
output signal of an envelope modulator when a variable nega-
tive group delay unit according to the present invention is not
used;

[0021] FIG. 5B is a graph simulating output waveforms of
an output signal of an envelope signal providing unit and an
output signal of an envelope modulator and an output wave-
form of a variable negative group delay unit when a variable
negative group delay unit according to the present invention is
used;

[0022] FIG. 6 is a diagram illustrating a configuration of an
apparatus for adjusting an envelope signal delay in an enve-
lope-tracking power amplifier according to a third embodi-
ment of the present invention;

[0023] FIG.7 is a diagram illustrating a configuration of an
apparatus for adjusting an envelope signal delay in an enve-
lope-tracking power amplifier according to a fourth embodi-
ment of the present invention;

[0024] FIG. 8A is a waveform graph illustrating a group
delay when the group delay unit of FIG. 6 and FIG. 7 does not
exist; and
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[0025] FIG. 8B is a waveform graph illustrating a group
delay when the group delay unit of FIG. 6 and FIG. 7 exists.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0026] Exemplary embodiments of the present invention
are described with reference to the accompanying drawings in
detail. The same reference numbers are used throughout the
drawings to refer to the same or like parts. Detailed descrip-
tions of well-known functions and structures incorporated
herein may be omitted to avoid obscuring the subject matter
of the present invention.

[0027] The present invention relates to a technology of
adjusting a delay of an envelope signal inputted to a power
supply unit of an envelope-tracking (ET) power amplifier, and
discloses a technology of detecting a delay difference
between an envelope signal and the envelope signal applied to
the power supply unit of the power amplifier and adjusting a
delay of the envelope signal inputted according to the delay
difference.

[0028] Hereinafter, embodiments of the present invention
are described in detail with reference to FIG. 2 to FIG. 8B.
[0029] FIG. 2 is a diagram illustrating a configuration of an
apparatus for adjusting an envelope signal delay in an enve-
lope-tracking power amplifier according to a first embodi-
ment of the present invention.

[0030] Theapparatus for adjusting an envelope signal delay
in an envelope-tracking power amplifier according to a first
embodiment of the present invention may include a modem
170, an envelope signal providing unit 110, a variable nega-
tive group delay unit 120, an envelope modulator 130, a group
delay difference detecting unit 140, a control signal generat-
ing unit 150, and a power amplifier 160. The modem 170 may
generate and output an envelope signal.

[0031] The envelope signal providing unit 110 may trans-
mit an envelope signal received from the modem 170 to the
variable negative group delay unit 120.

[0032] The variable negative group delay unit 120 may
receive and output the envelope signal outputted from the
envelope signal providing unit 110 after adjusting a group
delay of the envelope signal. A variable group delay amount
of the variable negative group delay unit 120 may be deter-
mined by a signal outputted from the control signal generat-
ing unit 150.

[0033] The envelope modulator 130 may receive the enve-
lope signal which is group delay adjusted through the variable
negative group delay unit 120, and modulate the group delay
adjusted-envelope signal into a signal having a large power
and output the modulated signal. At this time, the envelope
modulator 130 may apply a modulated envelope signal to the
power supply unit of the power amplifier 160.

[0034] The group delay difference detecting unit 140 may
receive the envelope signal outputted from the envelope sig-
nal providing unit 110 and the envelope signal which is out-
putted from the envelope modulator 130 and is applied to the
power supply unit of the power amplifier 160, and detect a
group delay difference between the two signals and output an
error signal representing the difference.

[0035] When receiving the error signal outputted from the
group delay difference detecting unit 140, the control signal
generating unit 150 may output a control signal for adjusting
the group delay of the variable negative group delay unit
corresponding to the error signal. That is, the control signal
generating unit 150 may output a control signal which is able
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to delay the envelope signal outputted from the envelope
signal providing unit 110 for a delay time between the enve-
lope signal outputted from the envelope signal providing unit
110 and the envelope signal outputted from the envelope
modulator 130 and compensate the group delay difference.
Accordingly, the variable negative group delay unit 120 may
delay the envelope signal by the control signal outputted from
the control signal generating unit 150, so that the time syn-
chronization between the envelope signal outputted from the
envelope signal providing unit 110 and the envelope signal
outputted from the envelope modulator 130 is matched.
[0036] The power amplifier 160 may amplify the power of
an RF input signal when the envelope signal outputted from
the envelope modulator 130 is applied to the power supply
unit. In this case, only when the time synchronization
between the envelope signal applied to the power supply unit
and the RF input signal is matched, the adjacent channel
leakage ratio (ACLR) may be enhanced.

[0037] FIG. 3 is a diagram illustrating a configuration of an
apparatus for adjusting an envelope signal delay in an enve-
lope-tracking power amplifier according to a second embodi-
ment of the present invention.

[0038] The second embodiment of the present invention is
different from the first embodiment of the present invention in
that the modem 170 does not generate an envelope signal as
shown in FIG. 2, but an envelope signal providing unit 210
generates an envelope signal by using an RF input signal
inputted to the power amplifier 160.

[0039] That is, since the remaining elements of the second
embodiment of the present invention including a variable
negative group delay unit 220, an envelope modulator 230, a
group delay difference detecting unit 240, a control signal
generating unit 250, and a power amplifier 260 are substan-
tially identical with the variable negative group delay unit
120, the envelope modulator 130, the group delay difference
detecting unit 140, the control signal generating unit 150, and
the power amplifier 160 of the first embodiment of the present
invention, a detailed description thereof is omitted.

[0040] The envelope signal providing unit 210 of the sec-
ond embodiment of the invention may process all or part of an
RF input signal inputted to the power amplifier 160 to gener-
ate an envelope signal. To this end, the envelope signal pro-
viding unit 210 may be provided with an envelope signal
extracting unit 211 and an envelope signal processing unit
212.

[0041] The envelope signal extracting unit 211 may extract
all or part of the RF input signal inputted to the power ampli-
fier 260.

[0042] The envelope signal processing unit 212 may pro-
cess all or part of the envelope signal extracted from the
envelope signal extracting unit 211.

[0043] Hereinafter, a method for adjusting an envelope sig-
nal delay in an envelope-tracking power amplifier according
to an embodiment of the present invention is described in
detail with reference to the above described FIG. 2 and addi-
tionally with reference to FIG. 4.

[0044] First, when an envelope signal is provided from the
envelope signal providing unit 110 (S101), the variable nega-
tive group delay unit 120 may perform a variable negative
group delay for the envelope signal (S102). In this case, the
envelope signal providing unit 110 may receive the envelope
signal inputted from the modem 170 as shown in FIG. 2 or
may extract and use the envelope signal by using the RF input
signal inputted to the power amplifier 160 as shown in FIG. 3.
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[0045] The variable negative group delay unit 120 may
transmit the group delay adjusted-envelope signal to the enve-
lope modulator 130, and the envelope modulator 130 may
apply the group delay adjusted-envelope signal outputted
from the variable negative group delay unit 120 to the power
supply unit of the power amplifier 160 (S103).

[0046] Then, the group delay difference detecting unit 140
may detect a group delay difference between the envelope
signal applied to the power supply unit of the power amplifier
160 and the envelope signal outputted from the envelope
signal providing unit 110 (S104).

[0047] Then, the control signal generating unit 150 may
output a control signal for compensating the group delay
difference to the variable negative group delay unit 120
(S105). That is, the control signal generating unit 150 may
generate a control signal for controlling the variable negative
group delay unit 120 to adjust the group delay of the envelope
signal in such a manner that the group delay difference error
signal outputted from the group delay difference detecting
unit 140 is compensated for a corresponding group delay
difference.

[0048] Accordingly, by using the control signal outputted
from the control signal generating unit 150, the variable nega-
tive group delay unit 120 may adjust the group delay differ-
ence between the envelope signal outputted from the enve-
lope signal providing unit 110 and the envelope signal
outputted from the envelope modulator 130. Next, since the
adjusted envelope signal is inputted to the envelope modula-
tor 130, the group delay difference between the envelope
signal outputted from the envelope signal providing unit 110
and the envelope signal outputted from the envelope modu-
lator 130 may be disappeared. Thus, an envelope signal hav-
ing matched time synchronization may be provided to the
power amplifier 160.

[0049] FIG. 5A is a graph simulating output waveforms of
an envelope signal outputted from an envelope signal provid-
ing unit 110 and an envelope signal outputted from an enve-
lope modulator 130, when a variable negative group delay
unit 120 according to the present invention is not used.
[0050] Referring to FIG. 5A, a simulation may be accom-
plished on the condition that a sine wave having a 20 MHz
frequency is used as the output signal of the envelope signal
providing unit 110 and the envelope modulator 130 has a
signal buffer (gain=1) having a bandwidth of 60 MHz. As
shown in FIG. 5A, when the envelope is not group delay
adjusted by using the variable negative group delay unit 120,
it can be seen that a group delay difference between the
envelope signal outputted from the envelope signal providing
unit 110 and the envelope signal outputted from the envelope
modulator 130 occurs.

[0051] That is, it can be seen that the group delay occurs
about +2.5 ns in comparison with the input signal, due to the
group delay characteristic of the envelope modulator 130.
That is, it can be seen that the envelope signal outputted from
the envelope modulator 130 is outputted with about +2.5 ns
group delay, in comparison with the envelope signal inputted
to the envelope modulator 130. In general, since the band-
width of the envelope modulator 130 is not so broad, as
described above, the envelope modulator 130 has a relatively
large group delay characteristic.

[0052] Accordingly, due to the group delay characteristic
of the envelope modulator, the group delay difference
between the RF input signal of the envelope-tracking power
amplifier and the output signal of the envelope modulator 130
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applied to the power supply unit of the envelope-tracking
power amplifier occurs significantly, the quality the output
signal of the envelope-tracking power amplifier may be dete-
riorated and the linearity may be degraded.

[0053] FIG. 5B is a graph simulating output waveforms of
an envelope signal outputted from an envelope signal provid-
ing unit 110 and an envelope signal outputted from an enve-
lope modulator 130 when a variable negative group delay unit
120 according to the present invention is used. Referring to
FIG. 5B, on the same condition as FIG. 5A, a simulation may
be accomplished on the condition that a sine wave having a 20
MHz frequency is used as the output signal of the envelope
signal providing unit 110 and the envelope modulator 130 has
a signal buffer (gain=1) having a bandwidth of 60 MHz.
[0054] AsshowninFIG. 5B, as the envelope signal is group
delay adjusted by using the variable negative group delay unit
120, it can be seen that the group delay ditference between the
envelope signal outputted from the envelope signal providing
unit 110 and the envelope signal outputted from the envelope
modulator 130 hardly exists.

[0055] That is, in comparison with the output signal of the
envelope signal providing unit 110 inputted to the variable
negative group delay unit 120, the output signal of the vari-
able negative group delay unit 120 is group delayed earlier
about 2.5 ns and is outputted. Since the group delay of the
envelope signal outputted from the variable negative group
delay unit 120 is earlier than the envelope signal inputted to
the variable negative group delay unit 120, it can be seen that
the negative group delay is occurred in the variable negative
group delay unit 120.

[0056] The above described delay is a negative group delay
to exactly compensate the +2.5 ns group delay generated in
the envelope modulator 130. The envelope signal, which is
group delayed -2.5 ns by the variable negative group delay
unit 120, is inputted to the envelope modulator 130 such that
the envelope signal, which is group delayed O ns from the
signal outputted from the envelope modulator 130, is output-
ted finally. As shown in FIG. 5B, it can be seen that the group
delay difference between the envelope signal outputted from
the envelope signal providing unit 110 and the envelope sig-
nal outputted from the envelope modulator 130 hardly exists.
[0057] Accordingly, since the group delay difference
between the envelope signal outputted from the envelope
signal providing unit 110 and the envelope signal outputted
from the envelope modulator 130 is approximately zero, the
group delay difference between the RF input signal of the
envelope-tracking power amplifier and the envelope signal
applied to the power supply unit of the envelope-tracking
power amplifier becomes very small, so that the deterioration
of the quality of the output signal of the envelope-tracking
power amplifier may be prevented and the non-linearity may
be decreased.

[0058] Thus, the present invention may adjust the group
delay of the envelope signal applied to the power supply unit
of the envelope-tracking power amplifier, so that the time
synchronization between the RF input signal inputted to the
envelope-tracking power amplifier and the envelope signal
applied to the power supply unit of the envelope-tracking
power amplifier is matched, thereby maximizing the charac-
teristic of the adjacent channel leakage ratio (ACLR).
[0059] FIG. 6 is a diagram illustrating a configuration of an
apparatus for adjusting an envelope signal delay in an enve-
lope-tracking power amplifier according to a third embodi-
ment of the present invention.
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[0060] Theapparatus for adjusting an envelope signal delay
in an envelope-tracking power amplifier according to the third
embodiment of the present invention is configured by adding
agroup delay unit 380 to the configuration of the first embodi-
ment of the present invention.

[0061] That is, since a modem 370, an envelope signal
providing unit 310, a variable negative group delay unit 320,
an envelope modulator 330, a group delay difference detect-
ing unit 340, a control signal generating unit 350, and a power
amplifier 360 of the apparatus for adjusting an envelope sig-
nal delay in an envelope-tracking power amplifier according
to the third embodiment of the present invention are identical
with the modem 170, the envelope signal providing unit 110,
the variable negative group delay unit 120, the envelope
modulator 130, the group delay difference detecting unit 140,
the control signal generating unit 150, and the power ampli-
fier 160 of the first embodiment of the present invention, a
detailed description thereof is omitted.

[0062] The group delay unit 380 according to the third
embodiment of the present invention may be provided
between the envelope modulator 330 and the group delay
difference detecting unit 340. The group delay unit 380 may
group-delay the envelope signal which is outputted from the
envelope modulator 330 and apply the group-delayed enve-
lope signal to the group delay difference detecting unit 340.
[0063] According to the first embodiment of the present
invention, the group delay difference between the output sig-
nal of the envelope modulator 130 and the output signal of the
envelope signal providing unit 110 hardly exists due to the
variable negative group delay unit 120, but practically, a
group delay may occur due to environmental physical condi-
tions. Accordingly, the third embodiment of the present
invention may add the group delay unit 380, and the group
delay unit 380 may group delay the envelope signal outputted
from the envelope modulator 330 to a preset extent, and
transmit the group delayed signal to the group delay differ-
ence detecting unit 340.

[0064] Thus, the group delay difference detecting unit 340
may generate an error signal corresponding to the delay dif-
ference between the envelope signal outputted by the enve-
lope signal providing unit 110 and the envelope signal which
is delayed by the group delay unit 380. Accordingly, the
variable negative group delay unit 320 may group delay the
group delay difference between the envelope signal outputted
from the envelope signal providing unit 110 and the envelope
signal which passed the group delay unit 380, and output to
the envelope modulator 330.

[0065] Accordingly, a negative group delay, accomplished
by the group delay unit 380, may exist between the envelope
signal outputted from the envelope signal providing unit 110
and the envelope signal outputted from the envelope modu-
lator 330.

[0066] FIG. 7 is a diagram illustrating a configuration of an
apparatus for adjusting an envelope signal delay in an enve-
lope-tracking power amplifier according to a fourth embodi-
ment of the present invention.

[0067] Theapparatus for adjusting an envelope signal delay
in an envelope-tracking power amplifier according to the
fourth embodiment of the present invention is configured by
adding a group delay unit 480 to the configuration of the
second embodiment of the present invention.

[0068] That is, since an envelope signal providing unit 410,
a variable negative group delay unit 420, an envelope modu-
lator 430, a group delay difference detecting unit 440, a
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control signal generating unit 450, and a power amplifier 460
of the apparatus for adjusting an envelope signal delay in an
envelope-tracking power amplifier according to the fourth
embodiment of the present invention are identical with the
envelope signal providing unit 210, the variable negative
group delay unit 220, the envelope modulator 230, the group
delay difference detecting unit 240, the control signal gener-
ating unit 250, and the power amplifier 260 of the second
embodiment of the present invention, a detailed description
thereof is omitted.

[0069] The group delay unit 480 according to the fourth
embodiment of the present invention may be provided
between the envelope modulator 430 and the group delay
difference detecting unit 440. The group delay unit 480 may
group-delay the envelope signal which is outputted from the
envelope modulator 430 and apply the group-delayed enve-
lope signal to the group delay difference detecting unit 440.
[0070] The group delay unit 480 of the fourth embodiment
of'the present invention may perform the same function as the
group delay unit 380 of FIG. 6.

[0071] FIG. 8A is a waveform graph illustrating a group
delay when the group delay units 380 and 480 of FIG. 6 and
FIG. 7 does not exist, and FIG. 8B is a waveform graph
illustrating a group delay when the group delay units of FIG.
6 and FIG. 7 are provided. FIG. 8A and FIG. 8B are an
envelope signal which is outputted from the envelope signal
providing units 310 and 410, and it is assumed that a sine
wave having a 20 MHz frequency is used and the envelope
modulators 330 and 430 have a signal buffer (gain=1) having
a bandwidth of 60 MHz.

[0072] Referring to FIG. 8A, similarly to FIG. 5B, the
group delay hardly exists between the envelope signal out-
putted from the envelope signal providing units 310 and 410
and the envelope signal outputted from the envelope modu-
lators 330 and 430.

[0073] Referring to FIG. 8B, the envelope signal, which is
delayed 1.1 ns in comparison with the envelope signal which
is outputted from the envelope modulators 330 and 430, due
to the group delay of about +1.1 ns generated by the group
delay units 380 and 480, is inputted to the group delay difter-
ence detecting units 340 and 440. Thus, the control signal
generating unit 350 and 450 may control the value of the
negative group delay of the variable negative group delay unit
320 and 420 to be increased.

[0074] Accordingly, the envelope signal, which is addition-
ally negative group delayed in the variable negative group
delay units 320 and 420 due to the group delay units 380 and
480, may be outputted as a signal which is earlier (i.e., the
negative group delay) about 1.1 ns in comparison with the
envelope signal outputted from the envelope signal providing
unit, when being outputted to the power amplifiers 360 and
460 via the envelope modulators 330 and 430.

[0075] As described above, the apparatus and the method
for adjusting an envelope signal delay in an envelope-tracking
power amplifier according to the embodiment of the present
invention may minimize a difference of time delay between
the input signal of'the power amplifier and the envelope signal
applied to the power supply unit of the power amplifier,
thereby preventing the deterioration of the output signal of the
power amplifier which is generated due to a time delay
between the two signals.

[0076] Further, the present invention may minimize a dif-
ference of time delay between the input signal of the power
amplifier and the envelope signal applied to the power supply
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unit of the power amplifier, thereby maintaining the adjacent
channel leakage ratio in the output of the envelope-tracking
power amplifier to be able to accomplish a wireless transmis-
sion of a signal.

[0077] Inaddition, the present invention may compensate a
group delay due to the group delay unit to always maintain a
constant performance even in the case of the change of the
surrounding environment and the change caused by the dif-
ference in performance between chips.

[0078] Although exemplary embodiments of the present
invention have been described in detail hereinabove, it should
be clearly understood that many variations and modifications
of the basic inventive concepts herein taught which may
appear to those skilled in the present art will still fall within
the spirit and scope of the present invention, as defined in the
appended claims.

What is claimed is:

1. Anapparatus for adjusting an envelope signal delay in an
envelope-tracking power amplifier, the apparatus compris-
ing:

an envelope signal providing unit configured to provide an
envelope signal;

a variable negative group delay unit configured to adjust a
group delay of the envelope signal received from the
envelope signal providing unit and output the adjusted
envelope signal;

an envelope modulator configured to modulate the enve-
lope signal outputted from the variable negative group
delay unit;

a group delay difference detecting unit configured to detect
a group delay difference between the envelope signal
which is outputted from the envelope signal providing
unit and the envelope signal which is outputted from the
envelope modulator; and

a control signal generating unit configured to generate a
control signal to control a group delay value of the
variable negative group delay unit according to the
group delay difference.

2. The apparatus of claim 1, further comprising a power
amplifier configured to amplify a power of an input signal,
when the envelope signal which is outputted from the enve-
lope modulator is applied to a power supply unit.

3. The apparatus of claim 2, wherein the envelope signal
providing unit comprises:

an extracting unit configured to extract an envelope signal
from all or part of the input signal which is inputted to
the power amplifier; and

an envelope signal processing unit configured to process
the extracted envelope signal.

4. The apparatus of claim 2, wherein the variable negative
group delay unit performs a group delay for the envelope
signal outputted from the envelope signal providing unit so
that time synchronization between the envelope signal which
is outputted from the envelope modulator and the input signal
is matched.

5. The apparatus of claim 2, wherein the variable negative
group delay unit performs a group delay for the envelope
signal which is outputted from the envelope signal providing
unit in order to compensate a time difference between the
envelope signal which is outputted from the envelope signal
providing unit and the envelope signal which is outputted
from the envelope modulator.

6. The apparatus of claim 1, further comprising a modem
configured to transmit the envelope signal.
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7. The apparatus of claim 1, further comprising a group
delay unit configured to perform a group delay for the enve-
lope signal which is outputted from the envelope modulator to
transmit to the group delay difference detecting unit.

8. A method for adjusting an envelope signal delay in an
envelope-tracking power amplifier, the method comprising:

providing an envelope signal;

performing a variable negative group delay for the enve-

lope signal;

modulating the group delayed envelope signal and apply-

ing to a power supply unit of a power amplifier config-
ured to amplify a power of an input signal;

detecting a group delay difference between the signal

applied to the power supply unit of the power amplifier
and the envelope signal; and

performing the variable negative group delay for the enve-

lope signal to the extent of the group delay difference.
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9. The method of claim 8, wherein providing an envelope
signal comprises extracting and processing all or part of the
input signal and providing the envelope signal.

10. The method of claim 8, wherein providing an envelope
signal comprises generating an envelope signal by a modem.

11. The method of claim 8, before detecting a group delay
difference, further comprising performing a group delay for
the signal which is applied to the power supply unit of the
power amplifier.

12. The method of claim 8, wherein performing a variable
negative group delay comprises performing the variable
negative group delay for the envelope signal so that time
synchronization between the signal which is applied to the
power supply unit of the power amplifier and the input signal
which is inputted to the power amplifier is matched.
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