
2468 IEEE JOURNAL OF SOLID-STATE CIRCUITS, VOL. 41, NO. 11, NOVEMBER 2006

5.2/5.7-GHz 48-dB Image Rejection GaInP/GaAs
HBT Weaver Down-Converter Using

LO Frequency Quadrupler
Tzung-Han Wu, Student Member, IEEE, and Chinchun Meng, Member, IEEE

Abstract—A GaInP/GaAs heterojunction bipolar transistor
(HBT) down-converter using the Weaver architecture is demon-
strated in this paper. The Weaver system is a double-conversion
image rejection heterodyne system which requires no bandpass
filters in the signal path and no quadrature networks. The Weaver
down-converter has the image rejection ratios of 48 dB and 44 dB
when the RF frequency is 5.2 GHz and 5.7 GHz, respectively. A
new frequency quadrupler is employed in the down-converter to
generate the local oscillator (LO) signals. The frequency quadru-
pler is designed to minimize the phase error when generating LO
signals and thus the image rejection performance is improved. A
diagrammatic explanation using the complex mixing technique to
analyze the image rejection mechanism of the Weaver architecture
is developed in this paper. From our analysis, the image rejection
can be further improved by making the LO1 and LO2 signals
coherent.

Index Terms—Complex mixing technique, frequency quadru-
pler, Gilbert mixer, image rejection, Weaver architecture.

I. INTRODUCTION

THE REJECTION of the image signal is a necessary
requirement for the RF receiver design. There already

exist several useful architectures to suppress image signals.
For example, one of these architectures is the heterodyne
system, and the system uses the off-chip SAW image rejec-
tion filter to filter out the image signal. There is an obvious
drawback that the integration level of the heterodyne system
is reduced due to the off-chip SAW filter. Another image
rejection architecture is the Hartley low intermediate frequency
(low-IF) architecture. The low-IF architecture uses quadrature
signals and the multi-section poly-phase filters to filter out the
image signals [1], [2]. The low-IF structure can effectively
suppress the unwanted image signal; however, many sections
of poly-phase filters have to be cascaded in the low-IF system
to extend the image rejection bandwidth. Both multi-section
passive or active poly-phase filters consume large chip areas.
A 5.2-GHz GaInP/GaAs HBT low-IF Hartley down-con-
verter [3] has been demonstrated and the four-section passive
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poly-phase filter was incorporated to filter out the image signal
in the low-IF down-converter. The fabricated chip shows that
the IF poly-phase filters occupy many valuable IC estates.
Finally, a suitable solution to deal with the image signal is
the Weaver architecture [4]–[7]. The Weaver down-converter
demonstrated in this paper is implemented using GaInP/GaAs
HBT technology. The demonstrated Weaver down-converter
has some advantages, such as the semi-insulating substrate and
accurate thin-film resistors. The substrate-coupling problem
is notorious in the silicon substrate and this drawback may
degrade the performance of RFICs. However, the GaInP/GaAs
HBT semi-insulating substrate eliminates such a problem and
thus good RF performance can be achieved. To the best of our
knowledge, the Weaver down-converter with GaInP/GaAs HBT
technology is demonstrated for the first time. The integration
level of this GaInP/GaAs IC in this work is quite high. The IC
contains 166 GaInP/GaAs HBTs.

Although many useful analyses based on trigonometric
functions have been employed to explain the image rejection
mechanism of the Weaver architecture [5]–[8], a diagrammatic
explanation is developed in this paper by using the complex
signal-mixing technique [9], [10]. A typical block diagram of
the Weaver down-converter is shown in Fig. 1(a).

As shown in Fig. 1(a) and (b), the angular frequencies of the
desired RF signal, the unwanted image signal, the LO signal,
and the LO signal are denoted as , , , and ,
respectively. Both LO and LO signals are quadrature signals
and the LO frequency is designed to be four times the LO fre-
quency in our work. In addition, the angular frequencies of the
output signals that are mixed down by the first-stage mixers are
set to be , and the angular frequencies of the output signals
that are mixed down by the second-stage mixers are denoted as

. Therefore, the relations among them can be expressed as

and (1)

These two mixers at the first-stage as shown in Fig. 1(a) ac-
tually form a complex mixer [9], [10]. The notation LO is
changed to LO for the following derivations, and the frequency
relationship described in (1) is still valid. As shown in Fig. 1(b),
the equivalent complex mixer LO provides a mixing function
of . When the complex LO mixes, the spectrum
of the RF signal is shifted upwards by a value of as repre-
sented in Fig. 2(a) and (b). Furthermore, when the second com-
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Fig. 1. (a) Block diagram of the Weaver down-converter. (b) Representation of the Weaver architecture using complex signal-mixing approach.

plex mixer LO mixes down the signal again,
the resulting signal becomes

(2)

On the other hand, when the first complex LO and the second
complex LO mix down the unwanted image signal, the output
signal can be described as

(3)

The output low-frequency signals of the RF signal and the
image signal after mixing down by the two complex mixers are

shown in Fig. 2(c). As shown in the figure, the image signal is
shifted to the positive frequency while the RF signal is down-
converted to the negative frequency in the spectrum. The down-
converted RF signal locates at the negative frequency
while the down-converted unwanted signal locates at the posi-
tive frequency . The down-converted image signal
is located at the opposite end of the spectrum when compared
with the RF signal as shown in Fig. 2(c), and thus the image
signal can be easily filtered out either by an IF low-pass filter or
by the frequency response of the IF circuits. The diagrammatic
explanation of the Weaver architecture give the designer a in-
stinct to design the Weaver system.

A new frequency quadrupler is used to generate LO signals
from LO signals. Hence, in practical applications, the circuit
demonstrated in this work needs only one low-frequency local
oscillator. This frequency planning provides good frequency
spacing between LO and RF signals with reasonable circuit
complexity. In addition, the low-frequency oscillator is more
easily implemented.

II. DIAGRAMMATIC EXPLANATION OF THE IMAGE REJECTION

DEGRADATION IN WEAVER ARCHITECTURE

In this section, an interesting property is obtained to improve
the image rejection capability of the Weaver architecture. It is
found in this work that when the phase errors of LO and LO
are equal, the image rejection ratio can be optimized. The image
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Fig. 2. The spectrum analysis of the Weaver down-converter using the complex mixing analysis. (a) Original RF and image signals before down-conversion.
(b) The signals after being down-converted by the first-stage complex mixer. (c) The final signals after being down-converted by the first and second-stage complex
mixers.

rejection degradation can be caused by either signal mismatches
or circuit mismatches. In order to determine the influences of
LO signal mismatches, the diagrammatic explanation is used
to analyze this problem. The ideal down-conversion process is
shown in Fig. 2 and assuming that the RF and LO signals are
perfectly matched without any phase error. Fig. 3 shows a down-
conversion process of the Weaver architecture when mismatches
are taken into consideration. As shown in Fig. 3(a) and (1), the
desired signal is mixed to the IF band by LO
and LO signals that are both in the positive
frequency spectrum.

However, when the LO signal becomes slightly mismatched
or it contains some phase errors, there will be an LO signal

. The LO signal is drawn in the dot-line and
located in the negative spectrum as shown in Fig. 3(b). The LO
signal arises with the existence of phase errors. The image signal
mixed by the LO signal imperfections is shifted to the positive
frequency in the spectrum by LO at first. Next, it is shifted to
the negative frequency in the spectrum by the LO as shown in

Fig. 3(b). The process of the image signal down-converted by
the LO and LO can be described as follows:

Image Down-converted by LO and LO

(4)

Comparing (2) and (4), there is an in-band image signal in the
IF bandwidth. As illustrated in Fig. 3(c), there is a down-con-
verted unwanted signal caused by the mismatch LO just lo-
cated in the same frequency band of the desired signal. As a
result, the image rejection ratio is likely to be degraded by the
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Fig. 3. Spectrum analysis of the Weaver down-converter when the effect of LO and LO signal mismatches are considered. (a) Desired IF signal. (b) Unwanted
image signal caused by signal mismatches. (c) Final mixed signals.

signal imperfection as illustrated in these figures. Fig. 3 can vi-
sualize the image rejection mechanism of the Weaver architec-
ture. It is important that the image rejection of the Weaver ar-
chitecture only can be degraded by the signal as shown in (3)
when mismatch signals are taken into consideration.

According to previous work [5], the image rejection ratio is
influenced by mismatch signals and can be determined by

IR(dB)

(5)

The coefficient describes the gain or magnitude mis-
matches between in-phase and quadrature-phase paths, and the
factors and represent the phase errors of the signals LO
and LO , respectively [5]. According to (5), it is found that if

is equal to , the image rejection performance can be op-
timized. The detailed derivation of image rejection ratio in the
Weaver down-converter is given in Appendix A; the discussion
and comparison of image rejection ratio between Weaver and
Hartley architectures are also summarized in Appendix A. In
our work, no intentional low-pass filter is used and the low-pass
function as shown in Fig. 1(a) is achieved sufficiently by the
frequency response of the IF circuits. It is because the gain and

phase mismatches of the additional low-pass filters caused by
the process variation can degrade the image rejection ratio.

Instead of the complicated trigonometric analysis, the dia-
grammatic explanation of the complex mixing gives the RF de-
signers an instinct to arrange the frequency planning when they
design the Weaver image rejection architecture. Consequently,
the Weaver receiver can filter out the image signals referred to
the frequency of the first LO signal. In our work, the frequency
of image signal is 3.1 GHz when the frequency of RF signal is
5.7 GHz and the designed frequency of LO is 4.4 GHz. Simi-
larly, when RF signal is 5.2 GHz and LO equals to 4 GHz, the
image signal is 2.8 GHz.

III. IMAGE REJECTION IMPROVEMENT OF THE WEAVER

DOWN-CONVERTER

In this section, a useful technique to improve the image rejec-
tion performance of the Weaver down-converter is discussed. As
shown in Fig. 1(a), the Weaver architecture requires quadrature
LO signals at both LO and LO frequencies in order to elimi-
nate the image signal. Different LO signals can be either gener-
ated by two separate local oscillators or by one local oscillator
with some circuits that can produce the other LO frequency.
Generally speaking, there are two methods to generate different
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Fig. 4. ADS simulation results of the image rejection ratio influenced by dif-
ferent LO phase mismatches.

LO frequencies with only one LO signal source: frequency di-
viding or frequency multiplying. The frequency of LO is usu-
ally lower than that of LO in a Weaver down-converter, and
one possible approach of generating LO signals is to scale the
LO frequency down to the LO frequency. In this kind of ar-
rangement, a precise divider circuit is needed not only to scale
down the LO frequency but also to generate accurate quadra-
ture signals. Instead of frequency dividing, a frequency multi-
plying circuit is incorporated to generate the LO signals in this
work. Obviously, it is much easier to implement a good low-fre-
quency oscillator than a good high-frequency oscillator in the
same technology. In this work, the Weaver down-converter only
needs a single low-frequency local oscillator, and a special mul-
tiplier is employed to generate the LO signals.

Generating another signal from one local oscillator inevitably
produces extra phase error compared with original signals. Both
multiplying and dividing processes will distort the generated
signal because of the imperfections of the multiplier and di-
vider themselves. Basically, the analog Gilbert multiplier [11]
is widely used to multiply signals, and the Gilbert multiplier
contains a differential pair and a current commutation Gilbert
cell for its two input port. If the time delays between the upper
(the Gilbert cell) and lower (the emitter-coupled pair transistors)
input ports of the multiplier are considered, there is actually a
time delay between two input signal paths. As a result, the
output signal will consist of additional phase errors.

On the other hand, if the multiplier used in this work is able to
minimize the time delay when it multiplies, the LO signal will
contain much less phase errors. The image rejection can be de-
fined by (5) [5]. Fig. 4 shows a simulation result of image rejec-
tion ratio with ideal system components by the ADS (Advanced
Design System) harmonic balance simulation. The image rejec-
tion ratio is a function of the LO and the LO phase errors.
In this simulation, the LO phase error is set to be equal to the
LO phase error plus additional 3 degrees error. The other sim-
ulation result is that the LO and LO phase errors are set to
be equal. As shown in Fig. 4, the image rejection ratio is much
larger when the LO phase error is equal to the LO phase error.

Fig. 5. (a) Simulated image rejection ratio as a function of phase error �
of the LO signal and the phase error � of the LO signal. (b) Simplified
simulated image rejection ratio as a function of LO and LO phase errors.

Fig. 5(a) shows the simulated image rejection ratio as a func-
tion of the phase errors and with gain mismatch, as
a parameter. The maximum image rejection ratio occurs when
the LO phase error equals the LO phase error as shown in
Fig. 5(a). The image rejection in (5) as a function of the phase
error of LO when the gain mismatch and the phase error of LO
are fixed is shown in Fig. 5(b). The gain mismatch is fixed to be
0.001, and the phase error of LO is fixed to 0 , 5 , and 10 ,
respectively. As shown in Fig. 5(b), the maximum image rejec-
tion ratio occurs when and are identical. Therefore, as
long as the and are identical, the image rejection ratio
can be maximized.

A time-delay compensated multiplier that will be discussed
in the next section can reduce the phase error of LO . This fully
symmetrical frequency quadrupler circuit is incorporated in this
work to generate the LO signal from the LO signal. Com-
pared with the analog Gilbert multiplier, the frequency quadru-
pler used here can compensate the time delay produced by the
multiplier circuit when LO is generated from LO . It is worth-
while to mention that the frequency quadrupler employed in this
work is useful to improve the image rejection performance. The
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Fig. 6. Total schematic of the 5.2/5.7-GHz GaInP/GaAs HBT 48-dB image rejection Weaver down-converter.

added phase error in the multiplying process is minimized when
the frequency quadrupler generates LO signals. As mention in
previous section, (5) has a maximum value when .

Moreover, the quadrature generator used in this work is a
multi-section passive poly-phase filter. The poly-phase filters
used here are carefully designed to have a reasonable bandwidth
to overcome the fluctuation caused by any process variation. Be-
cause the GaInP/GaAs technology provides accurate thin-film
resistor that helps to fabricate precision resistors, the passive
poly-phase filters become more accurate. As a result, the phase
error caused by the quadrature generator can be minimized.

The 5.2- and 5.7-GHz GaInP/GaAs HBT Weaver down-con-
verter has the following frequency planning: 1) When RF signal
is 5.7 GHz, the LO signal equals to 4.4 GHz and the LO is
1.1 GHz. 2) When the RF signal is 5.2 GHz, the LO is 4 GHz
and the LO is 1 GHz. IF signals are designed always 200 MHz
in both cases, and the measured image rejection ratio is 44 dB
in case 1, and 48 dB in case 2.

IV. CIRCUIT DESIGN

In this section, the detailed design considerations and trade-
offs of each circuit component are discussed individually. In
order to facilitate the discussion of each part of the Weaver

down-converter, a detailed schematic of the total circuit is
shown in Fig. 6.

A. First-Stage Mixer

The circuit topology of the first-stage mixer is shown in Fig. 7.
This type of mixer is known as the micromixer [12], [13] for the
RF active mixer design.

If the resistance of resistor and , and the transconduc-
tance of transistor are properly designed, the input resistance
when looking into the RF input port is matched to 50 . The RF
input stage of the micromixer is single-ended and the input stage
functions as a high-frequency active balun that can be used to
generate differential RF currents. A common-collector output
buffer is employed to drive the circuits of the next stages. This
mixer stage provides about 8-dB conversion gain in simulation
when the RF frequency is 5.2 GHz.

B. Second-Stage Mixer

Fig. 8 shows the schematic of the second-stage mixer, and
it is a conventional Gilbert mixer [11]. The Gilbert active
mixer usually suffers from the slow frequency response of the
emitter-coupled pair at the RF input port. The RF input signal
of the second-stage mixer has already been down-converted by
the first-stage mixer; therefore, the RF input frequency of the
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Fig. 7. Schematic of the micromixer used as the first-stage mixer.

second-stage mixer is much lower than that of the first-stage
mixer. Thus, the conventional Gilbert-type active mixers can be
used here for the second stage. In order to increase the P of
the differential pair, emitter degenerated resistors are added. In
the second stage, the mixer must be designed to obtain enough
input signal dynamic range. This stage is designed to provide
about 7-dB conversion gain in simulation.

C. Analog Adder, Subtraction Circuit, and Output Buffer

For the requirements of addition and subtraction in the com-
plex Weaver architecture, two circuits based on the degenerated
differential amplifier are designed: one for addition, and the
other for subtraction. As shown in Fig. 9(a), this circuit func-
tions as an adder if the outputs of the two differential ampli-
fiers are directly connected together. This is the current-mode
adding technique. However, if the outputs of the differential am-
plifiers are connected in an anti-phase way, the output currents
subtract each other. Fig. 9(b) illustrates a subtraction circuit.
In this stage, the down-converted 5.2-GHz RF signals are al-
ready amplified about 16 dB by the previous two mixer stages
in our simulation. Therefore, the addition and subtraction stages
should be designed to prevent the early gain compression. If the
signal waveform is clipped, or in other words the waveform is

Fig. 8. Schematic of the Gilbert mixer used as the second-stage mixer.

distorted, the image rejection ratio degrades dramatically. In ad-
dition, the adder and subtraction circuit also behave as a voltage
buffer, and thus the loading effect of the mixers can be reduced.

Fig. 9(c) illustrates the output buffer, which is an asymmet-
rical differential amplifier with emitter degeneration. This stage
is designed to drive the output as well as amplification. The tran-
sistor as shown in Fig. 9(c) consists of four transistors to in-
crease the output current with reasonable current density.

D. LO Frequency Quadrupler

There are several ways to generate quadrature signals: fre-
quency dividers, the VCO that can directly generate quadra-
ture output signals, and passive RC networks. The frequency
quadrupler used in this work can generate 4-GHz signals for the
first-stage mixer.

The frequency quadrupler consists of two truly-phase-bal-
anced frequency multipliers [14]–[16], three two-section pas-
sive poly-phase filters and an output buffer. The poly-phase fil-
ters are employed to generate quadrature LO signals and the
symmetrical multiplier is used to double the LO signal. First, the
external differential LO signals become differential-quadrature
after passing through the poly-phase filters. Second, the sym-
metrical multipliers will double the frequency of the quadrature
LO .

Repeating the process above, the LO signal can be gener-
ated from LO signals. Only one external 1-GHz LO signal is
needed in this work when the RF frequency is 5.2 GHz. Because
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Fig. 9. Schematic of (a) the adder, (b) the subtraction cell, and (c) the output
buffer.

the loss caused by the passive poly-phase filters is considerable,
each section of the frequency multipliers is designed to provide
certain gain to compensate the loss of the passive poly-phase fil-
ters. The circuit topology of the truly-phase-balanced frequency

Fig. 10. (a) Schematic of the highly symmetrical frequency multiplier.
(b) Block diagram of the multiplier.

multiplier is illustrated in Fig. 10(a). The highly symmetrical
multiplier consists of a pair of two conventional multipliers.

One multiplying path contains a phase lead and the other path
contains a phase lag, as shown in Fig. 10(b). Thus, the time
delays between the upper and lower input stages can be set as a
phase lead and a phase lag , respectively. When
node A and node B are connected together, the signals contain
no additional phase error [14]–[16]. This can be described as

(6)

As a result, the multiplier is suitable for generating accurate
high-frequency signals in our work. The frequency quadrupler
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Fig. 11. Schematic of the frequency quadruple multiplier used to correlate the LO and LO signals.

Fig. 12. Die photo of the 5.2/5.7-GHz GaInP/GaAs HBT 48-dB image rejec-
tion Weaver down-converter using LO frequency quadruple multiplier.

is shown in Fig. 11. Using the compensation mechanism of the
quadruple frequency multiplier, no extra phase difference of
LO and LO caused by the multiplying process occurs, and
thus the image rejection is improved. Because the frequency
doubler is a wideband multiplier, it is very easy to generate the
4-GHz and 4.4-GHz LO signals. An output buffer is used to
drive the LO stage with enough pumping power.

V. EXPERIMENTAL RESULT AND DISCUSSION

Fig. 12 is the die photograph of the demonstrated
GaInP/GaAs HBT Weaver down-converter. The total chip
size is 2.5 mm 2 mm. As shown in Fig. 12, the RF input
GSG pad is on the left side of the chip, while the differential
LO GSGSG pad is on the right side of the die. The IF output
GSGSG pad is on the top of the chip, and DC pads are on the
bottom of the die.

The demonstrated Weaver down-converter is fabricated using
the 2- m GaInP/GaAs HBT technology. This HBT process pro-
vides the following technical capability. The cutoff frequency
of the HBT device is 40 GHz and the is about 11 V.
This work is designed using 2 m 2 m, 2 m 4 m, and
2 m 6 m transistors. All of the transistors used in this work
are single-emitter, single-base, and single-collector transistors.

Fig. 13. Measurement results of the conversion gain as a function of LO input
power of the Weaver down-converter when input RF frequency is 5.7 GHz and
input RF frequency is 5.2 GHz.

The DC supply voltage of the Weaver down-convert is 5 V. The
measured conversion gain as a function of LO power when the
RF GHz and the IF MHz is shown in Fig. 13.

As shown in Fig. 13, the peak conversion gain is 18.5 dB for
LO powers from 0 to 5 dBm when RF frequency is equal to
5.7 GHz. Fig. 13 also depicts the conversion gain as a function of
the LO power when RF frequency is 5.2 GHz and IF frequency
is 200 MHz. As shown in Fig. 13, the conversion gain reaches
the maximum value (20.5 dB) when the LO power is larger than
4 dBm.

The following section reports the image rejection ratio of
the Weaver down-converter when the RF frequency is 5.7 GHz
and 5.2 GHz. Because the frequency quadrupler minimizes the
phase error of LO , the image rejection can be improved as dis-
cussed in Fig. 5. The measurement setup is carefully prepared to
provide balanced LO signals and thus the intrinsic high image
rejection ratio of our work can be demonstrated. In addition, the
LO signal paths are well organized, the length of each quadra-
ture LO paths are carefully laid out, and their lengths are made
as equal as possible.

Fig. 14 shows the measurement results of the image rejec-
tion ratio when the RF input frequency is 5.2 GHz. The mea-
sured spectrum shows the IF output power when the desired
and image signals are both sent to the RF input port of the
Weaver down-converter. As shown in Fig. 14, there is a de-
liberate 1-MHz offset between the desired and image signals
in order to indicate the image rejection ratio in the output IF
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Fig. 14. Measured image rejection of the proposed Weaver down-converter
(a) when the RF frequency is 5.2 GHz and the image signal is 2.8 GHz; (b) when
the RF frequency is 5.7 GHz and the image signal is 3.1 GHz.

spectrum of the spectrum analyzer. The measurement result in-
dicates that the image rejection ration is 48 dB when the de-
sired signal is 5.2 GHz. Similarly, the image rejection ratio be-
tween RF and image signals is about 44 dB when RF input
frequency is 5.7 GHz. Balanced external LO signals are ap-
plied to the chip by careful calibration. However, there are no
on-chip LO signal phase/gain controls and tuning employed
in this work. The demonstrated 48-dB image rejection ratio is
achieved because the external LO signals are truly balanced
and the frequency quadrupler successfully minimizes the phase
error. Although the phase error can be successfully minimized
by the frequency quadrupler, the gain mismatch still remains.
However, the frequency quadrupler in the LO signal path can
tolerate the gain mismatch to some degree. The LO Gilbert cell
only needs a small LO power for current commutation. There-
fore, the image rejection performance is insensitive to the gain
mismatch of the frequency quadrupler in the LO path as long as
the LO signal is large enough. Thus, the formula (5) can be ap-
plied to calculate the gain mismatch of our chip if LO and LO
phase errors are zero for the maximum image rejection ratio.
The calculated gain mismatch corresponding to 48-dB image
rejection ratio is 0.8%.

When the RF frequency is 5.2 GHz (5.7 GHz), the frequency
of the secondary image [7], [8] is 4.8 GHz (5.3 GHz). The

Fig. 15. Measured power performance as a function of RF input power of the
Weaver down-converter when RF frequency is 5.7 GHz.

Fig. 16. Measured power performance as a function of RF input power of the
Weaver down-converter when RF frequency is 5.2 GHz.

measurement results showed no secondary image rejection be-
cause the demonstrated circuit does not have the capability of fil-
tering out the secondary image. The high-speed analog-to-dig-
ital converter together with the digital signal complex filter or
the analog polyphase complex filter can be employed to remove
the secondary image signal.

The measured power performance as a function of RF input
power is shown in Fig. 15 when RF GHz and in Fig. 16
when RF GHz. The experimental data shows that IP
is 15 dBm, IIP is 5 dBm when RF GHz and IP
is 15 dBm, IIP is 8 dBm when RF GHz.

Fig. 17 shows the input return loss of the RF port and the
output return loss of the IF port. The input returns loss is better
than 16.5 dB from DC to 6 GHz as shown in Fig. 16, and the
output return loss is better than 11 dB when the output frequency
is 200 MHz.

Fig. 18 shows the RF-to-IF isolations when IF is fixed to
200 MHz and the isolations are better than 40 dB. Fig. 19
shows that the LO-to-IF isolations are about 26 to 30 dB
when the LO frequency starts from 0.9 to 1.2 GHz. The
LO-to-RF isolation is also illustrated in Fig. 18, and the
measurement results indicate that the isolation is better than

72 dB.
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Fig. 17. Measured input and output return losses of the Weaver down-
converter.

Fig. 18. Measured RF-to-IF isolation for both I-channel and Q-channel of the
Weaver down-converter.

Fig. 19. Measured LO-to-IF and LO-to-RF isolations for both I-channel and
Q-channel of the Weaver down-converter.

VI. CONCLUSION

A diagrammatic explanation using the complex mixing tech-
nique to analyze the image rejection mechanism is developed,
and a 48-dB image rejection Weaver architecture down-con-
verter when the RF frequency is 5.2 GHz is demonstrated in this
paper. The GaInP/GaAs HBT down-converter has 44-dB image
rejection ratio when the RF frequency is 5.7 GHz. Both the

Fig. 20. Block diagram of (a) the Weaver architecture, and (b) the Hartley
architecture.

down-converted IF frequencies are kept the same (200 MHz)
by changing the LO input frequencies for the different RF
frequency applications. The rejection capability of the image
signals of 2.8 and 3.1 GHz is achieved by the Weaver architec-
ture with the LO frequency quadrupler. Because the frequency
quadrupler minimizes the phase error when generating LO
signals, the LO and LO signals are highly coherent. Conse-
quently, the image rejection ratio is improved.

The conversion gain is 20.5 dB when the RF frequency is
5.2 GHz and the conversion gain is 18.5 dB while the RF fre-
quency is 5.7 GHz. The input return loss is better than 16.5 dB
from DC to 6 GHz and the output return loss is better than 11 dB
when output frequency is 200 MHz. The IP is 15 dBm, the
IIP is 5 dBm when RF GHz and the IP is 15 dBm,
IIP is 8 dBm when RF GHz. The RF-to-IF port iso-
lation, the LO-to-IF isolation, and the LO-to-RF isolation are
better than 40 dB, 26 dB and 72 dB, respectively.

APPENDIX A
MATHEMATICAL DERIVATION OF IMAGE REJECTION RATIO OF

WEAVER AND HARTLEY ARCHITECTURES

In this section, the detailed derivation of the image rejection
ratio is developed. A Weaver down-converter is illustrated in
Fig. 20(a). The desired input signal is defined as

(7)

and the image signal is

(8)
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The and represent the phase error of the LO and LO
signals, respectively. Therefore, the down-converted signals
after the first-stage mixer are

(9)

These signals after the second-stage mixer become

(10)

where represents the gain mismatch. Consequently, the
image rejection ratio (IRR) of the Weaver down-converter can
be determined as

IRR(dB)

(11)

On the other hand, the image rejection ratio of the Hartley
down-converter also can be obtained. The block diagram of a
Hartley down-converter is shown in Fig. 20(b). If repre-
sents the phase mismatch of the LO signal, and identifies
the phase error of the 90 phase shifter (or the poly-phase filter
used in the Hartley low-IF systems [1], [10]), the image rejec-
tion ratio can be obtained by flowing derivations. The output
signals mixed by the first-stage mixer are

(12)

After the 90 phase shifter:

(13)

where and represents
the gain mismatch. Therefore, the image rejection ratio of the
Hartley architecture is

IRR(dB)

(14)

The image rejection ratio of the Hartley architecture is iden-
tical to that of the Weaver architecture as shown in (11) and (14).
Furthermore, the image rejection ratio derived in (14) is iden-
tical to the result in [8] when the phase shifter or the poly-phase
filter is assumed to be fully balanced. From the above deriva-
tion, it is clear that eliminating the phase errors or making the
phase errors of LO and LO equal can optimize the image
rejection ratio of the Weaver down-converter. This property is
directly caused by the frequency shifting, as discussed previ-
ously. However, the image signal caused by the LO signal and
the poly-phase filter mismatches cannot be set to be equal in the
Hartley system. The phase error of poly-phase filter obviously
is independent from the LO signal of the first-stage mixer in
Hartley down-converters. As a result, the image rejection per-
formance of the Weaver architecture has a chance to be further
improved by making these individual phase errors coherent.
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