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(54) Harmonic rejection mixer and radio frequency receiver using the mixer

(57) A mixer used in a Radio Frequency (RF) receiver
is provided. The mixer includes a first harmonic rejecter
for rejecting a harmonic signal component from a first
input signal; and a second harmonic rejecter for rejecting
a harmonic signal component from a second input signal.

The first harmonic rejecter and the second harmonic re-
jecter are connected in parallel to reject an image signal
component from the first input signal and the second input
signal. Thus, the RF receiver can reject the harmonic
signal and the image signal without using an external
element.
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Description

[0001] The present invention relates to a mixer and a
Radio Frequency (RF) receiver using the mixer. More
specifically, the present invention relates to a mixer for
rejecting a harmonic signal and an image signal at the
same time without using an external element, and an RF
receiver using the mixer.
[0002] In general, a wideband Radio Frequency (RF)
receiver receives and processes an RF signal of the wide-
band.
[0003] Unlike a narrow-band RF receiver, the wide-
band RF receiver receives not only a signal of the intend-
ed channel but also signals of the unwanted channels.
As a result, technical problems such as the inclusion of
harmonic signals, image signals, and linearity problems
occur.
[0004] To address the problem of harmonic signals
and the image signals being received by the wideband
receivers, a double conversion scheme using an external
Surface Acoustic Wave (SAW) filter is mainly adopted.
However, since the double conversion scheme requires
a chip external element such as the SAW filter, it is not
suited for the integration trend to Radio Frequency Inter-
face Chip (RFIC) or System-on-a-chip (SoC).
[0005] Exemplary embodiments of the present inven-
tion provide a mixer for concurrently rejecting a harmonic
signal and an image signal at a mixer stage without using
an external element, and an RF receiver using the mixer.
[0006] According to an aspect of the present invention,
a mixer includes a first harmonic rejecter for rejecting a
harmonic signal component from a first input signal; and
a second harmonic rejecter for rejecting a harmonic sig-
nal component from a second input signal. The first har-
monic rejecter and the second harmonic rejecter may be
connected in parallel to reject an image signal component
from the first input signal and the second input signal.
[0007] At least one of the first and second harmonic
rejecters may be implemented using a harmonic rejection
mixer which rejects the harmonic signal component from
the first input signal or the second input signal by mixing
a plurality of local oscillation signals having a phase dif-
ference with the input signal.
[0008] The harmonic rejection mixer may be in a single
quadrature structure comprising two harmonic rejection
mixers of a double balanced structure.
[0009] At least one of the first and second harmonic
rejecters may be implemented using a harmonic rejection
filter which filters the harmonic signal component in the
input signal, and a mixer which frequency-converts the
filtered signal.
[0010] The first harmonic rejecter may receive an in-
phase signal, the second harmonic rejecter may receive
a quadrature phase signal, and outputs of the first and
second harmonic rejecters may be connected in parallel.
[0011] According to another aspect of the present in-
vention, an RF receiver includes a first filter for filtering
an input signal; and a mixer comprising a plurality of har-

monic rejecters connected in parallel for rejecting a har-
monic signal of the filtered signal, and for rejecting an
image signal component.
[0012] The mixer may include a first harmonic rejecter
and a second harmonic rejecter connected to the first
harmonic rejecter in parallel.
[0013] The RF receiver may further include a local os-
cillator for generating a plurality of local oscillation signals
having a phase difference. At least one of the first and
second harmonic rejecters may be implemented using a
harmonic rejection mixer which rejects the harmonic sig-
nal component by mixing the plurality of the local oscil-
lation signals having the phase difference with the filtered
signal.
[0014] The harmonic rejection mixer may be in a single
quadrature structure comprising two harmonic rejection
mixers of a double balanced structure.
[0015] At least one of the first and second harmonic
rejecters may be implemented using a harmonic rejection
filter for filtering the harmonic signal, and a mixer for fre-
quency-converting the filtered signal.
[0016] The first filter may be implemented using a poly-
phase filter which generates an in-phase signal and a
quadrature phase signal with respect to the input signal.
[0017] The RF receiver may further include a second
filter disposed at a rear end of the mixer and filtering the
image signal component.
[0018] The second filter may be implemented using a
complex filter.
[0019] The second filter may be implemented using a
polyphase filter.
[0020] The first harmonic rejecter may receive an in-
phase signal, the second harmonic rejecter may receive
a quadrature phase signal, and outputs of the first and
second harmonic rejecters may be connected in parallel.
[0021] As set forth above, the wideband RF receiver
can reject the harmonic signal and image signal compo-
nents at the same time without using an external element
such as SAW filter. Therefore, in the current trend toward
the integration to the RFIC or the SoC, the full integration
wideband RF receiver excluding the use of the external
element can be realized.
[0022] The above and/or other aspects of the exem-
plary embodiments will become more apparent by de-
scribing certain exemplary embodiments with reference
to the accompanying drawings, in which:

FIG. 1 is a diagram of a mixer structure according to
an exemplary embodiment;
FIGS. 2A and 2B are diagrams of a concrete imple-
mentation of a harmonic rejecter according to vari-
ous exemplary embodiments;
FIGS. 3A and 3B are diagrams of a harmonic signal
rejection process of the harmonic rejecter of FIGS.
2A and 2B;
FIG. 4 is a diagram of an image rejection process of
a mixer 100 of FIG. 1;
FIG. 5 is a block diagram of an RF receiver according
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to an exemplary embodiment;
FIG. 6 is a detailed circuit diagram of the mixer 100
according to an exemplary embodiment;
FIG. 7A is a diagram of a wave form of a local oscil-
lation signal input to the mixer 100;
FIG. 7B is a circuit diagram of a harmonic rejection
mixer according to an exemplary embodiment; and
FIGS. 8A through 8E are diagrams of a signal form
in each step of the structures of
FIG. 5 and FIG. 6.

[0023] Exemplary embodiments are described in
greater detail below with reference to the accompanying
drawings.
[0024] In the following description, like drawing refer-
ence numerals are used for the like elements, even in
different drawings. The matters defined in the descrip-
tion, such as detailed construction and elements, are pro-
vided to assist in a comprehensive understanding of the
exemplary embodiments. However, the exemplary em-
bodiments can be practiced without those specifically de-
fined matters. Also, well-known functions or construc-
tions are not described in detail since they would obscure
the exemplary embodiments with unnecessary detail.
[0025] FIG. 1 illustrates a mixer structure according to
an exemplary embodiment.
[0026] Preferably, the mixer 100 of FIG. 1 can be ap-
plied to a wideband RF receiver which receives and proc-
esses a broadcast signal of the wideband.
[0027] Referring to FIG. 1, the mixer 100 can include
two harmonic rejecters 10 and 20 connected in parallel.
Herein, the parallel connection specifies that the outputs
of the two harmonic rejecters 10 and 20 are connected
in parallel.
[0028] The first harmonic rejecter 10 and the second
harmonic rejecter 20 each reject the harmonic signal
component from their input signal. Herein, the harmonic
signal is a multiplying frequency signal of the fundamen-
tal frequency signal (e.g., the signal component of the
frequencies 2f0 3f0, ... when the fundamental frequency
signal is f0). The harmonic signal becomes the unwanted
signal of a designer; that is, a noise component.
[0029] Herein, the first and second harmonic rejecters
10 and 20 can be implemented using harmonic rejection
mixers or the combination of a harmonic rejection filter
and a general mixer.
[0030] The mixer 100 is the parallel connection of the
first and second harmonic rejecters 10 and 20 which are
implemented using the harmonic rejection mixers or the
combination of the harmonic rejection filter and the mixer.
[0031] By connecting the first and second harmonic
rejecters 10 and 20 in parallel as above, it is possible to
carry out image rejection for rejecting the image signal
component of the wanted channel. For example, by di-
viding the RF signal to the positive (+) frequency band
and the image signal to the negative (-) frequency band,
the RF signal and the image signal component are pre-
vented from existing in the positive frequency band or in

the negative frequency band at the same time. The image
signal (or the image frequency) component indicates a
symmetric frequency component of the received signal
in terms of the frequency based on the local oscillation
frequency at the RF receiver.
[0032] Now, a concrete implementation of the harmon-
ic rejecters 10 and 20 is described.
[0033] FIGS. 2A and 2B depict concrete implementa-
tions of the harmonic rejecter according to various ex-
emplary embodiments.
[0034] Referring to FIG. 2A, the first harmonic rejecter
10 includes a first harmonic rejection mixer 11 and a sec-
ond harmonic rejection mixer 12, and the second har-
monic rejecter 20 includes a third harmonic rejection mix-
er 21 and a fourth harmonic rejection mixer 22.
[0035] The first through fourth harmonic rejection mix-
ers 11, 12, 21 and 22 each can be implemented using a
double balanced structure which receives the RF+ and
RF-signals and generates the IF+ and IF- signals.
[0036] The first through fourth harmonic rejection mix-
ers 11, 12, 21 and 22 can include a plurality of transistors
which are turned on or off in response to a local oscillation
signal LO. The transistors are turned on or off in se-
quence by receiving a plurality of local oscillation signals
LO having the phase difference, and provide the local
oscillation signal of the sine wave. Thus, the harmonic
signal component in the RF signal can be rejected.
[0037] Meanwhile, the first harmonic rejecter 10 and
the second harmonic rejecter 20 can be of a single quad-
rature structure which receives two RF signals and out-
puts four Intermediate Frequency (IF) signals. That is,
by implementing the first and second harmonic rejection
mixers 11 and 12 constituting the first harmonic rejecter
10 in the double balanced structure, the first harmonic
rejecter 10 outputs four IF signals in the end.
[0038] The mixer 100 receives the four RF signals in
total including the two RF signals each received at the
first harmonic rejecter 10 and the second harmonic re-
jecter 20, outputs two IF signals by adding the outputs
of the first harmonic rejection mixer 11 and the fourth
harmonic rejection mixer 22, and outputs two IF signals
by adding the outputs of the second harmonic rejecter
mixer 12 and the third harmonic rejection mixer 21.
Hence, the mixer 100 can be of the double quadrature
structure which receives the four RF signals and outputs
the four IF signals.
[0039] FIG. 2B depicts the detailed structure of the har-
monic rejecter according to another exemplary embodi-
ment.
[0040] Referring to FIG. 2B, the first harmonic rejecter
10’ includes a first filter 13, a first mixer 14, a second filter
15, and a second mixer 16, and the second harmonic
rejecter 20’ includes a third filter 23, a third mixer 24, a
fourth filter 25, and a fourth mixer 26.
[0041] The first through fourth filters 13, 15, 23 and 25
can be implemented using harmonic rejection filters
which reject the harmonic signal component in the input
signal. More specifically, the first through fourth filters 13,
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15, 23 and 25 can be implemented using Low-Pass Fil-
ters (LPFs), High-Pass Filters (HPFs), and BandPass
Filters (BPFs) for the frequency filtering. By passing only
the band around the intended channel and rejecting the
other signals, the noise source caused by the harmonic
signal can be removed in advance. That is, it is possible
to reject the RF signal harmonic component correspond-
ing to the harmonic signal band of the local oscillation
frequency.
[0042] In some cases, the first through fourth filters 13,
15, 23 and 25 can be implemented using a single filter
which combines the harmonic rejection filter for rejecting
the harmonic signal component and an Image Rejection
Filter (IRF) for rejecting the image signal component.
[0043] The first through fourth mixers 14, 16, 24 and
26 function to generate the IF signal by mixing the RF
signal free from the harmonic signal component by the
first through fourth filters 13, 15, 23 and 25 with the LO
signal of a local oscillator (not shown).
[0044] Herein, the first through fourth mixers 14, 16,
24 and 26 can be implemented using a double balanced
mixer which receives and mixes two signals RF+ and
RF- with the local oscillation signal LO and outputs two
signals IF+ and IF-. The double balanced mixer performs
the mixing using a double balanced scheme, which shall
be omitted here for brevity. The first through fourth mixers
14, 16, 24 and 26 can be implemented, for example, using
a Gilbert cell mixer (or Gilbert mixer). This is a mere ex-
ample of the mixer, and any mixer capable of down-con-
verting the RF signal to the IF signal can be employed.
[0045] As stated above, the combinations of the first
through fourth filters 13, 15, 23 and 25 and the first
through fourth mixers 14, 16, 24 and 26 reject the har-
monic signal component, and function to down-convert
the RF signal to the IF signal.
[0046] FIGS. 3A and 3B depict a harmonic signal re-
jection process of the harmonic rejecters of FIGS. 2A and
2B.
[0047] FIG. 3A shows the harmonic signal rejection
process of the harmonic rejecter of FIG. 2A.
[0048] In FIG. 3A, the harmonic rejection mixer 11 re-
jects the harmonic signal. Six local oscillation signals LO
having the phase difference are fed to three local mixers
of the harmonic rejection mixer 11, the harmonic signal
component of the RF signal is removed, and the down-
converted IF signal is yielded.
[0049] In FIG. 3B, the harmonic rejection filter 13 and
the general mixer 14 remove the harmonic signal. The
harmonic rejection filter 13 filters the harmonic signal
component of the RF signal and outputs the filtered RF
signal to the mixer 14 to thus produce the down-convert-
ed IF signal.
[0050] FIG. 4 depicts an image rejection process of
the mixer 100 of FIG. 1.
[0051] In the mixer 100 of FIG. 1, the first harmonic
rejecter 10 and the second harmonic rejecter 20 each
implemented using the harmonic rejection mixers or the
combination of the harmonic rejection filter and the mixer,

are connected in parallel and have the image rejection
function for rejecting the image signal component.
[0052] As shown in FIG. 4, the mixer 100 can mix the
signal including the RF signal -RF and the image signal
-Image with the local oscillation signal +LO and divide
the RF signal -RF and the image signal -Image to different
frequency bands. Thus, the image signal component
separated to the negative (-) frequency band can be re-
moved using a filter.
[0053] While only the high side injection is depicted in
FIG. 4 by way of example, the low side injection can be
realized in the same manner.
[0054] While the image is rejected using -RF, -Image,
and +LO in FIG. 4 by way of example, the image rejection
function can be fulfilled using +RF, +Image, and -LO in
some cases.
[0055] FIG. 5 is a block diagram of an RF receiver ac-
cording to an exemplary embodiment.
[0056] The RF receiver of FIG. 5 includes a first filter
30, a mixer 100, a Local Oscillator (LO) 40, and a second
filter 50. The RF receiver of FIG. 5 can be implemented
using a wideband RF receiver.
[0057] The mixer 100 is in the same structure as the
mixer 100 of FIGS. 1 through 4, which has been explained
in FIGS. 1 through 4. Thus, the mixer 100 shall not be
further described. To simplify the disclosure, it is as-
sumed that the mixer 100 is implemented using the har-
monic rejection mixer of FIG. 2A.
[0058] The first filter 30 converts the input RF signal
In to the I/Q signals. In more detail, the first filter 30 divides
the input RF+ signal InP and RF- signal InN to the in-
phase signals InIP and InIN and the quadrature phase
signals InQP and InQN. For example, the first filter 30
can be implemented using a Poly Phase Filter (PPF).
The PPF can achieve the phase characteristics of the
relatively wideband by virtue of the polyphase filter and
does not easily generate the amplitude difference be-
tween the I/Q.
[0059] The first filter 30 may be implemented using a
RC phase shifter and a frequency divider. The RC phase
shifter makes use of the pass phase difference of the
LPF and the HPF and can generate a quadrature signal
having the 90° phase difference. The frequency divider
can generate the divided outputs of the 90° phase differ-
ence when producing the 1/2 divided output of the input
signal.
[0060] Accordingly, the signal output from the first filter
30 is divided to the in-phase path I_path which outputs
the in-phase signals InIP and InIN and the quadrature
phase path Q_path which outputs the quadrature phase
signals InQP and InQN (FIG. 6). The mixer 100 converts
the I/Q RF signal output from the first filter 30 to the I/Q
IF signal (e.g., the center frequency 4 MHz). The mixer
100 down-converts the RF signal to the IF signal by mix-
ing the local oscillation signal LO output from the LO 40.
Herein, the center frequency indicates the frequency con-
verted to demodulate in the RF reception scheme which
converts the RF frequency to a lower frequency.
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[0061] The in-phase signals InIP and InIN output from
the first filter 30 along the in-phase path I_path are fed
to the first harmonic rejecter 10, and the quadrature
phase signals InQP and InQN output in the quadrature
phase path Q_path are fed to the second harmonic re-
jecter 20.
[0062] The LO 40 supplies the local oscillation signal
LO to the mixer 100 for the frequency synthesis.
[0063] A Phase Locked Loop (PLL), which is not
shown, fixes the RF LO output frequency to a constant
frequency without jitter. That is, the PLL can function to
shift and fix the RF LO output frequency to the intended
frequency by regulating the voltage of a Voltage Control-
led Oscillator (VCO) used as the RF LO through the con-
trol input.
[0064] The first harmonic rejection mixer 11 of the first
harmonic rejecter 10 can convert the input in-phase RF
signals InIP and InIN to the in-phase IF signal by down-
converting the in-phase RF signals using the in-phase
local oscillation signal LO I. The second harmonic rejec-
tion mixer 12 can convert the in-phase RF signals InIP
and InIN to the quadrature phase IF signal by down-con-
verting using the quadrature phase local oscillation signal
LO Q.
[0065] The third harmonic rejection mixer 21 of the sec-
ond harmonic rejecter 20 can convert the input quadra-
ture phase RF signals InQP and InQN to the in-phase IF
signal by down-converting using the quadrature phase
local oscillation signal LO Q. The fourth harmonic rejec-
tion mixer 22 can convert the quadrature phase RF sig-
nals InQP and InQN to the quadrature phase IF signal
by down-converting using the in-phase local oscillation
signal LO I.
[0066] The second filter 50 filters the image signal in
the IF output of the mixer 100 which rejects the harmonic
signal component and the image signal component. The
second filter 50 can be implemented using a complex
filter which minimizes the image signal Is and passes the
real signal Rs in the IF signal output from the mixer 100.
In some cases, the second filter 50 can be implemented
using a polyphase filter.
[0067] FIG. 6 is a detailed circuit diagram of the mixer
100 according to an exemplary embodiment.
[0068] The mixer 100 of FIG. 6 includes the first har-
monic rejecter 10 which receives the first input signals
InIP and InIN, and the second harmonic rejecter 20 which
receives the second input signals InQP and InQN.
[0069] Herein, the first input signals InIP and InIN in-
clude a first positive input signal InIP and a first negative
input signal InIN having a phase difference of 180 de-
grees. The second input signals InQP and InQN include
a second positive input signal InQP and a second neg-
ative input signal InQN having a phase difference of 180
degrees. The first input signals InIP and InIN have a
phase difference of 90 degrees with the second input
signals InQP and InQN.
[0070] The first harmonic rejecter 10 includes the first
harmonic rejection mixer 11 and the second harmonic

rejection mixer 12 which receive the first positive input
signal InIP and the first negative input signal InIN.
[0071] The first harmonic rejection mixer 11 includes
first, second and third local mixers 11-1, 11-2, and 11-3,
and the second harmonic rejection mixer 12 includes first,
second and third local mixers 12-1, 12-2, and 12-3.
[0072] FIG. 7A illustrates a wave form of the local os-
cillation signal input to the mixer 100.
[0073] In FIG. 7A, the local oscillation signal LO in-
cludes four positive sub-local oscillation signals Φ1 +
(LO00), Φ2+ (LO45), Φ3+ (LO90), and Φ4+ (LO135), and
four negative sub-local oscillation signals Φ1- (LO180)
Φ2- (LO225), Φ3-(LO270), and Φ4- (LO315).
[0074] The four positive sub-local oscillation signals
Φ1+, Φ2+, Φ3+, and Φ4+ have a phase difference of 45
degrees with each other, and can correspond to LO00,
LO45, LO90, and LO135 of FIG. 6 respectively.
[0075] The four negative sub-local oscillation signals
Φ1-, Φ2-, Φ3-, and Φ4- have a phase difference of 45
degrees with each other, and can correspond to LO180,
LO225, LO270, and LO315 of FIG. 6 respectively.
[0076] The four negative sub-local oscillation signals
Φ1-, Φ2-, Φ3-, and Φ4- have a phase difference of 180
degrees with the four positive sub-local oscillation signals
Φ1 +, Φ2+, Φ3+, and Φ4+. Namely, the local oscillation
signal LO includes the eight signals having a phase dif-
ference of 45 degrees.
[0077] The first local mixer 11-1 receives the first pos-
itive sub-local oscillation signal Φ1+ and the first negative
sub-local oscillation signal Φ1-, combines the first posi-
tive sub-local oscillation signal Φ1+ and the first negative
sub-local oscillation signal Φ1- with the first input signals
InIP (RF+) (or RFP) and InIN (RF-) (RFN), and outputs
IF+ and IF- signals. Herein, the combining indicates the
subtraction of the frequency of the input signals InIP and
InIN and the frequency of the first positive sub-local os-
cillation signal Φ1+ and the first negative sub-local oscil-
lation signal Φ1-.
[0078] The second local mixer 11-2 receives the sec-
ond positive sub-local oscillation signal Φ2+ and the sec-
ond negative sub-local oscillation signal Φ2-, combines
the second positive sub-local oscillation signal Φ2+ and
the second negative sub-local oscillation signal Φ2- with
the first input signals InIP (RF+) and InIN (RF-), and out-
puts IF+ and IF- signals.
[0079] The third local mixer 11-3 receives the third pos-
itive sub-local oscillation signal Φ3+ and the third nega-
tive sub-local oscillation signal Φ3-, combines the third
positive sub-local oscillation signal Φ3+ and the third neg-
ative sub-local oscillation signal Φ3- with the first input
signals InIP (RF+) and InIN (RF-), and outputs IF+ and
IF- signals.
[0080] That is, the first, second and third local mixers
11-1, 11-2 and 11-3 can be mixers of the double balanced
structure, which each receives two RF signals RF+ and
RF-, mixes the RF signals RF+ and RF- signals with the
two LO signals LO+ and LO-, and outputs two IF signals
IF+ and IF-.
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[0081] The outputs of the first, second and third local
mixers 11-1, 11-2 and 11-3 are connected in parallel and
produce the output signals OIP and OIN. In other words,
the first harmonic rejection mixer 11 can be a harmonic
rejection mixer of the double balanced structure which
receives two RF signals RF+ and RF-, mixes the two RF
signals RF+ and RF- with six LO signals LO+ and LO-
and outputs two IF signals OIP and OIN.
[0082] Similar to the first, second and third local mixers
11-1, 11-2 and 11-3, the fourth, fifth, and sixth local mix-
ers 12-1, 12-2 and 12-3 combine the input signals InIP
and InIN and the local oscillation signal LO and yield the
output signals OQP and OQN.
[0083] More specifically, the fourth local mixer 12-1 re-
ceives the third positive sub-local oscillation signal Φ3+
(LO90) and the third negative sub-local oscillation signal
Φ3-(LO270) having a phase difference of 90 degrees
from the first positive sub-local oscillation signal Φ1+
(LO00) and the first negative sub-local oscillation signal
Φ1-(LO180) output from the first local mixer 11-1, com-
bines the third positive sub-local oscillation signal Φ3+
(LO90) and the third negative sub-local oscillation signal
Φ3- (LO270) having a phase difference of 90 degrees
from the first positive sub-local oscillation signal Φ1+
(LO00) and the first negative sub-local oscillation signal
Φ1- (LO180) with the first input signals InIP and InIN.
[0084] The fifth local mixer 12-2 receives the fourth
positive sub-local oscillation signal Φ4+ (LO135) and the
fourth negative sub-local oscillation signal Φ4- (LO315)
having a phase difference of 90 degrees from the second
positive sub-local oscillation signal Φ2+ (LO45) and the
second negative sub-local oscillation signal Φ2- (LO225)
output from the second local mixer 11-2, combines the
fourth positive sub-local oscillation signal Φ4+ (LO135)
and the fourth negative sub-local oscillation signal Φ4-
(LO315) having a phase difference of 90 degrees from
the second positive sub-local oscillation signal Φ2+
(LO45) and the second negative sub-local oscillation sig-
nal Φ2- (LO225) with the first input signals InIP and InIN.
[0085] The sixth local mixer 12-3 receives the first neg-
ative sub-local oscillation signal Φ1-(LO180) and the first
positive sub-local oscillation signal Φ1+ (LO00) having
a phase difference of 90 degrees from the third positive
sub-local oscillation signal Φ3+ (LO90) and the third neg-
ative sub-local oscillation signal Φ3- (LO270) output from
the third local mixer 11-3, combines the first negative
sub-local oscillation signal Φ1- (LO180) and the first pos-
itive sub-local oscillation signal Φ1+ (LO00) having a
phase difference of 90 degrees from the third positive
sub-local oscillation signal Φ3+ (LO90) and the third neg-
ative sub-local oscillation signal Φ3- (LO270) with the
first input signals InIP and InIN.
[0086] That is, the fourth, fifth and sixth local mixers
12-1, 12-2 and 12-3 each can be a mixer of the double
balanced structure which receives the two RF signals
RF+ and RF-, mixes the two RF signals RF+ and RF-
with the two LO signals LO+ and LO-, and outputs the
two IF signals IF+ and IF-.

[0087] The outputs of the fourth, fifth and sixth local
mixers 12-1, 12-2 and 12-3 are connected in parallel and
yield the output signals OQP and OQN having a phase
difference of 90 degrees with the output signals OIP and
OIN of the first, second and third local mixers 11-1, 11-2
and 11-3. Namely, the second harmonic rejection mixer
12 also can be the harmonic rejection mixer of the double
balanced structure which receives the two RF signals
RF+ and RF-, mixes the two RF signals RF+ and RF-
with the six LO signals LO+ and LO-, and outputs the two
IF signals OIP and OIN.
[0088] In this case, the first harmonic rejecter 10 is of
a single quadrature structure which receives the two RF
signals RF+ and RF- and generates four IF signals OIP,
OIN, OQP, and OQN.
[0089] As discussed earlier, when the local oscillation
signal LO is divided into eight signals having the phase
difference and fed to the first through sixth local mixers
11-1, 11-2, 11-3, 12-1, 12-2, and 12-3 of the first harmonic
rejecter 10, this takes the same effect as in the case
where the local oscillation signal LO is input to the first
through sixth local mixers 11-1, 11-2, 11-3, 12-1, 12-2,
and 12-3 in the quantized sinusoidal form. In so doing, it
is possible to reject the harmonic signal having the integer
multiple frequency of the frequency of the local oscillation
signal LO from the IF output signal produced from the
first harmonic rejecter 10. The second harmonic rejecter
20 includes the third harmonic rejection mixer 21 and the
fourth harmonic rejection mixer 22 for receiving the sec-
ond positive input signal InQP and the first negative input
signal InQN.
[0090] The third harmonic rejection mixer 21 includes
seventh, eighth, and ninth local mixers 21-1, 21-2 and
21-3, and the fourth harmonic rejection mixer 22 includes
tenth, eleventh, and twelfth local mixers 22-1, 22-2 and
22-3.
[0091] The seventh, eighth, and ninth local mixers
21-1, 21-2 and 21-3 of the third harmonic rejection mixer
21 receive the same sub-local oscillation signals as the
first, second and third local mixers 11-1, 11-2 and 11-3
of the first harmonic rejection mixer 11 and combine the
sub-local oscillation signals of the first, second and third
local mixers with the second input signals InQP and In-
QN.
[0092] The tenth, eleventh, and twelfth local mixers
22-1, 22-2 and 22-3 of the fourth harmonic rejection mixer
22 receive the same sub-local oscillation signals as the
fourth, fifth and sixth local mixers 12-1, 12-2 and 12-3 of
the second harmonic rejection mixer 12 and combine the
sub-local oscillation signals of the fourth, fifth and sixth
local mixers with the second input signals InQP and In-
QN.
[0093] For example, the seventh local mixer 21-1 re-
ceives the first positive sub-local oscillation signal Φ1+
(LO00) and the first negative sub-local oscillation signal
Φ1-(LO180) provided from the first local mixer 11-1 and
combines with the second input signals InQP and InQN.
[0094] Thus, the second harmonic rejecter 20 also at-
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tains the same harmonic rejection effect as the first har-
monic rejecter 10.
[0095] Herein, the seventh through twelfth mixers
21-1, 21-2, 21-3, 22-1, 22-2 and 22-3 also output the
down-converted IF signal of the RF signal.
[0096] The structures and characteristics of the sec-
ond harmonic rejecter 20, the third harmonic rejection
mixer 21, the fourth harmonic rejection mixer 22, and the
seventh through twelfth mixers 21-1, 21-2, 21-3, 22-1,
22-2 and 22-3 are substantially the same as the struc-
tures and the characteristics of the first harmonic rejecter
10, the first harmonic rejection mixer 11, the second har-
monic rejection mixer 12, and the first through sixth local
mixers 11-1, 11-2, 11-3, 12-1, 12-2 and 12-3, and thus
shall not be further explained.
[0097] The outputs OIP and OIN of the first harmonic
rejection mixer 11 are combined with the outputs OQP
and OQN of the fourth harmonic rejection mixer 22 and
output as OutIP and OutIN.
[0098] The outputs OQP and OQN of the second har-
monic rejection mixer 12 are combined with the outputs
OIP and OIN of the third harmonic rejection mixer 21 and
output as OutQP and OutQN.
[0099] That is, the mixer 100 is the double quadrature
structure which receives and mixes the four RF signals
InIP, InIN, InQP, and InQN with the eight local oscillation
signals and provides the four IF signals OutIP, OutIN,
OutQP and OutQN.
[0100] The output of the first harmonic rejecter 10 in-
cluding the first harmonic rejection mixer 11 and the sec-
ond harmonic rejection mixer 12 is connected with the
output of the second harmonic rejecter 20 including the
third harmonic rejection mixer 21 and the fourth harmonic
rejection mixer 22 in parallel, and thus the image rejection
function can be achieved at the same time.
[0101] FIG. 7B is a circuit diagram of the harmonic re-
jection mixer according to an exemplary embodiment.
[0102] The construction of FIG. 7B can correspond to
the first harmonic rejection mixer 11 of FIG. 6.
[0103] In FIG. 7B, the first, second and third local mix-
ers 11-1, 11-2 and 11-3 include transistors TR1 through
TR12 which are turned on or off in response to the local
oscillation signal LO. As the local oscillation signal LO
includes six signals having the phase difference and the
six signals are applied to the corresponding transistors
TR1 through TR12, the transistors TR1 through TR12
are turned on or off in sequence. As a result, the harmonic
signal in the input RF signal is rejected.
[0104] While the structures of the second, third and
fourth harmonic rejection mixers 12, 21 and 22 can be
similar to the circuit of FIG. 7B, there can be a difference
in the phase difference of the local oscillation signal LO
supplied to the mixing, which has been described in detail
by referring to FIG. 6 and shall be omitted here.
[0105] FIGS. 8A through 8E depict the signal form in
each step of the structures of FIG. 5 and FIG. 6.
[0106] FIG. 8A shows the form of the signal A input to
the first filter 30.

[0107] The signal input to the first filter 30 in FIG. 8A
includes other frequency band signals RF+ and RF- than
the signals of the intended frequency band. Each RF sig-
nal can include the image signal component; that is, the
frequency Image+ and Image- symmetric to the RF signal
based on the local oscillation frequency.
[0108] FIG. 8B shows the signal form B filtered through
the first filter 30 and fed to the mixer 100. Substantially,
the first filter 30 divides the input RF signals RF+ and
RF- to the in-phase signals IRF+ and IRF- and the quad-
rature phase signals QRF+ and QRF-. This signal divi-
sion is symbolically represented in the frequency axis as
the signals in the positive frequency band (+freq) band
are rejected in the paths according to the output of the
first filter 30.
[0109] FIG. 8C shows the effect of the local oscillation
signal LO input from the LO 40 to the mixer 100.
[0110] To simplify the explanations on the principles
of the exemplary embodiments, the harmonic rejection
and image rejection function of the harmonic and image
rejection mixer is represented as the LO effect of the local
oscillation signal.
[0111] Since the local oscillation signal LO is input as
the plurality of the LO signals having the phase differ-
ence, it can be the quantized sinusoidal form as shown
in FIG. 8C. On account of the double quadrature struc-
ture, the local oscillation signal LO can exist only in the
+freq band.
[0112] FIG. 8D shows the form D of the signal output
from the mixer 100 and input to the second filter 50.
[0113] The mixer 100 mixes the in-phase signals IRF+
and IRF- and the quadrature phase signals QRF+ and
QRF- input from the first filter 30 and the plurality of the
local oscillation signals LO having the phase difference
output from the LO 40. Thus, the output signal from the
mixer 100 is free from the harmonic signal component
as shown in FIG. 8D, and the RF signal and the image
signal can be divided to the positive frequency band and
the negative frequency band.
[0114] FIG.8E shows the form E of the signal output
from the second filter 50.
[0115] In the signal output from the second filter 50 in
FIG. 8E, the RF signal and the image signal output from
the mixer 100 are divided to the positive frequency band
and the negative frequency band. Next, the filtering re-
jects the image frequency in the negative frequency
band.
[0116] As set forth above, the wideband RF receiver
can reject the harmonic signal and image signal compo-
nents at the same time without using an external element
such as SAW filter. Therefore, in the current trend toward
the integration to the RFIC or the SoC, the full integration
wideband RF receiver excluding the use of the external
element can be realized.
[0117] The foregoing exemplary embodiments and ad-
vantages are merely exemplary and are not to be con-
strued as limiting the exemplary embodiments. The
present teaching can be readily applied to other types of
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apparatuses. Also, the description of the exemplary em-
bodiments are intended to be illustrative, and not to limit
the scope of the claims, and many alternatives, modifi-
cations, and variations will be apparent to those skilled
in the art.

Claims

1. A mixer comprising:

a first harmonic rejecter which rejects a harmon-
ic signal component from a first input signal; and
a second harmonic rejecter which rejects a har-
monic signal component from a second input
signal,
wherein the first harmonic rejecter and the sec-
ond harmonic rejecter are connected in parallel
to reject an image signal component from the
first input signal and the second input signal.

2. The mixer of claim 1, wherein at least one of the first
and second harmonic rejecters is implemented using
a harmonic rejection mixer which rejects the harmon-
ic signal component by mixing a plurality of local os-
cillation signals having a phase difference with the
first input signal and the second input signal.

3. The mixer of claim 2, wherein the harmonic rejection
mixer is in a single quadrature structure comprising
two harmonic rejection mixers of a double balanced
structure.

4. The mixer of claim 1, wherein at least one of the first
harmonic rejecter and second harmonic rejecter is
implemented using a harmonic rejection filter which
filters the harmonic signal component in the first input
signal and the second input signal, and a mixer which
frequency-converts the filtered signal.

5. The mixer of claim 1, wherein the first harmonic re-
jecter receives an in-phase signal, the second har-
monic rejecter receives a quadrature phase signal,
and outputs of the first harmonic rejecter and the
second harmonic rejecter are connected in parallel.

6. A Radio Frequency (RF) receiver comprising:

a first filter which filters an input signal; and
a mixer comprising a plurality of harmonic re-
jecters connected in parallel which reject a har-
monic signal of the filtered input signal, and
which reject an image signal component.

7. The RF receiver of claim 6, wherein the mixer com-
prises a first harmonic rejecter and a second har-
monic rejecter connected to the first harmonic reject-
er in parallel.

8. The RF receiver of claim 7, further comprising:

a local oscillator which generates a plurality of
local oscillation signals having a phase differ-
ence,
wherein at least one of the first and second har-
monic rejecters is implemented using a harmon-
ic rejection mixer which rejects the harmonic sig-
nal component by mixing the plurality of the local
oscillation signals having the phase difference
with the filtered signal.

9. The RF receiver of claim 8, wherein the harmonic
rejection mixer is in a single quadrature structure
comprising two harmonic rejection mixers of a dou-
ble balanced structure.

10. The RF receiver of claim 7, wherein at least one of
the first harmonic rejecter and the second harmonic
rejecter is implemented using a harmonic rejection
filter which filters the harmonic signal, and a mixer
which frequency-converts the filtered signal.

11. The RF receiver of claim 6, wherein the first filter is
implemented using a polyphase filter which gener-
ates an in-phase signal and a quadrature phase sig-
nal with respect to the input signal.

12. The RF receiver of claim 6, further comprising:

a second filter disposed at a rear end of the mixer
which filters the image signal component.

13. The RF receiver of claim 12, wherein the second
filter is implemented using a complex filter.

14. The RF receiver of claim 12, wherein the second
filter is implemented using a polyphase filter.

15. The RF receiver of claim 7, wherein the first harmonic
rejecter receives an in-phase signal, the second har-
monic rejecter receives a quadrature phase signal,
and outputs of the first and second harmonic reject-
ers are connected in parallel.
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