
shown that the axial ratio could be increased to about 25% and
with symmetrical radiation pattern across the 3-dB AR band.
Extensive study for the subarrays is in progress and will be
reported later.

4. CONCLUSION

A single-fed elliptical dielectric resonator antenna designed for
circular polarization has been presented. The elliptical dielectric
resonator was excited by either a probe or a narrow aperture. The
aperture fed elliptical CP DRA exhibited good CP performance
when the dielectric resonator was rotated by 45° with respect to the
major axis and with the elliptic cross-section aspect ratio of 1.5.
The radiation patterns of the DRA excited by an aperture are
symmetric in the broadside direction.
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ABSTRACT: A triple-band (2.4, 5.2, and 5.7 GHz) CMFB downcon-
version micromixer with a low-voltage cascode current mirror RF input
stage has been demonstrated by the 0.18-�m CMOS technology in this
letter. Micromixer has a single-ended RF input stage, the CMFB topol-
ogy is adopted to improve the conversion gain, and a differential-to-
single output buffer is used to convert the differential output of the
mixer into a single-ended output. The fully integrated downconversion
micromixer has the conversion gain of 12 dB, LO-to-IF isolation of 43
dB, LO-to-RF isolation of 48 dB, and RF-to-IF isolation of 18 dB at 2.4
GHz. The mixer has the conversion gain of 7.5 dB, LO-to-IF isola-
tion of 54 dB, LO-to-RF isolation of 49.5 dB, and RF-to-IF isolation
of 25 dB at 5.7 GHz. The total quiescent current consumption of the
circuit is 7.6 mA. © 2006 Wiley Periodicals, Inc. Microwave Opt
Technol Lett 48: 2345–2349, 2006; Published online in Wiley Inter-
Science (www.interscience.wiley.com). DOI 10.1002/mop.21950

Key words: Gilbert mixer; micromixer; CMFB; downconverter; RFIC

1. INTRODUCTION

Wireless communication has advanced swiftly and the age of the
multiband transceiver such as wireless LAN 802.11a/b/g combo
transceiver is coming. The large demand pursues the CMOS inte-
gration of RF, analog, and digital blocks under consideration of the
cost and yield. The bottleneck is the RF circuit integration in
CMOS technology. In this paper, a wideband CMOS mixer, which
could work with the low voltage supply of 1.8 V is designed at
triple bands, that is, 2.4, 5.2, and 5.7 GHz.

A conventional double balanced Gilbert mixer can provide
excellent port-to-port isolation by balanced operation [1]. Good
common mode rejection is needed to preserve the excellent isola-
tion in a Gilbert mixer, if the balanced signals are absent. How-
ever, the common mode rejection provided by the biased current
source deteriorates rapidly at high frequencies [2]. Thus, we
adopted a Gilbert micromixer that can provide high speed response
and eliminates the need for common rejection [3], but the DC
current balance of the micromixer would influence isolation
deeply. In this work, a micromixer was designed with a low-
voltage cascode current mirror, which can achieve a truly balanced
operation. Furthermore, active PMOS loads are used to improve
the conversion gain and a differential-to-single output buffer is
used to facilitate the on-wafer RF measurements.

2. CIRCUIT DESIGN

The circuit schematic of the CMFB (Common Mode Feedback)
downconversion mixer is shown in Figure 1. The RF input stage is
illustrated in Figure 2. It is a transconductance amplifier to generate a
differential current by a common-gate-configured M5 and a common-
source-configured M2. A low-voltage cascode current mirror is
adopted to keep the drain voltage of M2 the same as that of M1. This
low-voltage cascode current mirror can produce a pair of truly bal-
anced DC currents because of the cascode configuration [4]. Thus, the
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mixer has more balanced DC bias currents. There is no unbalanced
DC signals to mix with the LO signal and this mixer can achieve high
LO-to-IF isolation [5]. However, there would be five cascode tran-
sistors with only a 1.8-V supply. Because of using a low-voltage
cascode current mirror, this mixer could work with low voltage [6].

A common-gate-biased M5 and a common-source-biased M2

with a wide-swing cascode current mirror form an RF input
transconductance stage, as shown in Figure 2. M5 and M2 provide
equal magnitude, but out-of-phase transconductance gain, and
hence, the RF input transconductance stage converts a single input
voltage signal to differential current signals [7]. The RF input
resistance can be derived as

Rin �
1

gm1

/ /
1

gm5

. (1)

Thus, the mixer can be designed to achieve wideband impedance
matching. The common-gate-configured M5 possesses good fre-
quency response, while the speed of common-source-configured
M2 is improved drastically by loading low input impedance at the
input of common-source-configured M2.

The output current of this stage can be expressed as

Ia � IDC1 � gm5RF (2)

Ib � IDC2 � gm2RF,

where Ia and Ib are the drain current of M5 and M6, respectively;
IDC1 and IDC2 are quiescent current of M1 and M2, respectively;
gm5 and gm2 are the transconductance of M5 and M2, respectively.
With the assumption that the Gilbert cell is a perfect match, the
differential current output of mixer can be derived as

IO � �1

2
�LOc � LOd�Ib �

1

2
�LOc � LOd�Ia�

Figure 1 Circuit schematic of the Gilbert downconverter with cascode
current mirror RF input stage

Figure 2 RF input stage with a wide-swing cascode current mirror

Figure 3 Photograph of the Gilbert downconverter with cascode current
mirror RF input stage

Figure 4 RF input return loss of Gilbert downconverter with cascode
current mirror RF input stage
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� �1

2
�LOc � LOd�Ia �

1

2
�LOc � LOd�Ib�

� LOd�gm2 � gm5�RF � LOd�IDC1 � IDC2�, (3)

where LOc and LOd are common and differential modes of LO
signal, respectively. The first term is a desired AC signal for
downconversion, while the second term is the LO feed through.
Thus, the micromixer needs truly balanced DC currents Ia and Ib

to diminish the LO leakage and to achieve high LO-to-IF isolation.
A cascode current mirror can reduce the variance between the
drain voltage of M1 and M2 to provide a truly balanced DC current
and a wide swing structure can work with low voltage supply.

A common method of improving the conversion gain without
reducing the voltage swing headroom is that differential active PMOS

loads take the place of resistive loads. However, there is a drawback
in the stability between PMOS and NMOS. Thus, the common mode
feedback technique is adopted to adjust the current of active PMOS
loads in order to guarantee NMOS and PMOS in saturation region [8].
Here, triode transistors Mcmfb1 and Mcmfb2 serves as the CMFB
sensing resisters instead of conventional resistors for saving area and
having high resistance to preserve high gain performance.

At the IF stage, a differential-to-single active balun formed by
NMOS transistors M11 to M12 is used to combine differential signal,
and under the output return loss consideration, low output impedance
is required and this can be achieved by a source follower, M13.

Figure 5 Conversion gain vs. LO power for the Gilbert downconverter
with cascode current mirror RF input stage

Figure 6 Conversion gain vs. RF frequency for the Gilbert downcon-
verter with cascode current mirror RF input stage

Figure 7 RF-to-IF isolation vs. RF frequency, LO-to-RF and LO-to-IF
vs. LO frequency for the Gilbert downconverter with cascode current
mirror RF input stage

Figure 8 Conversion gain vs. RF input power at 2.4, 5.2, and 5.7 GHz
for the Gilbert downconverter with cascode current mirror RF input stage
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3. EXPERIMENTAL RESULTS

The chip was implemented in the 0.18-�m CMOS technology. The
photograph of chip is shown in Figure 3 and its size is 0.9 � 0.7
mm2. Measurements were performed by the on-wafer probing.
This mixer has single-ended RF and IF. The differential LO signals
were generated from a commercial wideband 180° hybrid. A phase
shifter is used to compensate the delay mismatch of two differen-
tial paths. The measurements were performed at RF frequencies of
2.4, 5.2, and 5.7 GHz with a fixed IF of 300 MHz.

The RF input return losses at 2.4, 5.2, and 5.7 GHz are �14.6,
�9.4, and �8.78 dB, respectively, as shown in Figure 4. The IF
output return loss is 13.45 dB at 300 MHz.

Conversion gain vs. LO power when RF power is �40 dBm is
shown in Figure 5. The chip generates the maximum gain with LO
power of �4 dBm at 2.4 GHz, of �3 dBm at 5.2 GHz, and of �2
dBm at 5.7 GHz, respectively. The maximum gain is about 12 dB
at 2.4 GHz and is 7.5 dB at 5.2 and 5.7 GHz. Because of the same
IF frequency, the differences of gain at triple bands are attributed
to the different transconductance of the RF input stage. Gain
decreases with transconductance when frequency increases.

Figure 6 represents the conversion gain vs. RF frequency.
These results were measured with a fixed IF of 300 MHz, while
sweeping RF and LO frequencies at the same time.

The performance of port-to-port isolation is one of the impor-
tant features in this design. High LO-to-IF isolation is expected
because of the balanced DC output current of the improved cas-
code current mirror RF input stage. The measurement results of
port-to-port isolation at three bands are illustrated in Figure 7. For
the isolation measurements, the IF frequency is fixed, and RF and
LO frequencies are swept simultaneously. The RF-to-IF isolation
is obtained by measuring the RF leakage power at the IF-port
output. IF frequency is kept at 300 MHz for all the measure-
ments. The fully integrated downconversion micromixer has
LO-to-IF isolation of 43 dB, LO-to-RF isolation of 48 dB, and
RF-to-IF isolation of 18 dB at 2.4 GHz. The micromixer has
LO-to-IF isolation of 45 dB, LO-to-RF isolation of 47.5 dB, and
RF-to-IF isolation of 25 dB at 5.2 GHz. The mixer also has
LO-to-IF isolation of 54 dB, LO-to-RF isolation of 49.5 dB, and
RF-to-IF isolation of 25 dB at 5.7 GHz. The LO-to-IF isolation
is very good as expected. The total quiescent current of the
circuit is about 7.6 mA at supply voltage of 1.8 V. The LO-to-IF
isolation is much higher than the measured results in the paper [7].

To measure the input-referred 1 dB compression point (IP1dB),
the chip was fed with the optimal fixed LO power and the RF
power is swept from �40 to 0 dBm. As shown in Figure 8, IP1dB

is �30 dBm at 2.4 GHz, �25 dBm at 5.2 and 5.7 GHz. Notice that

the output-referred 1 dB compression points (OP1dB) are close at
three frequencies. The third-order intercept point (IP3) is also
measured. OIP3 is �5 dBm at 2.4 GHz, �6.5 dBm at 5.2 GHz,
and �7 dBm at 5.7 GHz. The OIP3 and OP1dB of three bands are
almost the same possibly because the gain compression is domi-
nated by the IF output stage.

Double side band (DSB) noise was also measured for the
mixer. The noise figure is about 24.5 dB at 5.2 GHz and 23 dB at
5.7 GHz. High noise figure results from too many transistors, and
however, it can be diminished by the gain of LNA in all systems
[9]. All of the measured results are summarized in Table 1.

4. CONCLUSION

A wideband micromixer with the low voltage cascode current mirror
RF input stage is demonstrated in this paper. This mixer could work
at three bands of Wireless LAN with low voltage supply. It has very
high LO-to-IF port-to-port isolation because the low voltage cascode
current mirror can have truly balanced DC currents. Higher isolation
can be achieved at the cost of noise figure, but high noise figure can
be reduced by the gain of LNA in all systems. The OIP3 and OP1dB

of three bands are almost the same possibly because the gain com-
pression is dominated by the IF output stage.
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ABSTRACT: This paper presents a dual-band internal WLAN PIFA for
2.4/5 GHz laptop applications in consideration of the influences of lap-
top housing and LCD. The prototype antenna is modified when installed
along the perimeter of the display panel of the laptop housing. The pro-
posed antenna has a small ground plane and achieves an impedance
bandwidth of 250 MHz (2.37–2.62 GHz) in Bluetooth band and 950
MHz (4.98–5.93 GHz) near 5 GHz in WLAN band within 2:1 voltage
standing wave ratio (VSWR). It also shows good antenna gain with
small volume. These features make it an alternative for use in dual-band
WLAN antennas. Design details for the proposed antenna in the case of
the antenna itself, and the application of laptop PC housing are de-
scribed, and experimental results of the antenna achievements are inves-
tigated and discussed. © 2006 Wiley Periodicals, Inc. Microwave Opt
Technol Lett 48: 2349–2354, 2006; Published online in Wiley Inter-
Science (www.interscience.wiley.com). DOI 10.1002/mop.21943

Key words: internal antennas; dual-band antennas; PIFA; laptop an-
tennas; WLAN antennas; installed inside a laptop

1. INTRODUCTION

Recently, as the service area of wireless local area networks (WLAN)
communication is increasing, laptop computers are more and more
being equipped with WLAN for the IEEE 802.11b (2.4–2.48 GHz),
802.11a (5.15–5.35 GHz, 5.725–5.825 GHz) in the United States and
HIPERLAN/2 (5.15–5.35 GHz, 5.47–5.725 GHz) protocols in Eu-
rope [1, 2]. Herewith this dual-band property, one integrated single
structure which requires a good performance, miniaturization, and
moderate cost is an interesting trend in current research and is also in
commercial demand. Multiple resonant paths in a single structure
have been investigated because of the restraint on the physical size of
internal antennas, and these not only improve aesthetic appearance,
but also facilitate simple terminal design, compactness, serviceability,
and robustness. Internal PIFAs are very suitable in WLAN applications,
since they are compact, low profile, and easy to manufacture [3].

In this paper, a dual-band internal antenna of planar inverted-F
antenna (PIFA) type is proposed for the dual band 802.11a/b and
HIPERLAN/2, and built in actual laptop housing by modifying the
initial prototype antenna and ground size. If the change tendency
of the antenna performance for each associated case is investigated
prior to the manufacturing of laptop applications, the antenna can
be effectively remodeled in consideration of the performance ef-
fects in a real situation, thus reducing trial and error. Both the
radiation patch and small ground plate are made of the same
copper plate with a thickness of 0.2 mm. It is directly fed by a 50

� coaxial cable. It can be easily placed along the perimeter or at
the corners of the display panel of the laptop computer. The
proposed antenna is designed to resonate at frequencies of 2.4 and 5
GHz band by adjusting the location of the shorting pin and the length
of the radiation element. The proposed antenna installed in commer-
cial laptop PC housing can achieve the measured impedance band-
width of 250 MHz at a lower frequency of 2.4 GHz band (2.37–2.62
GHz) and 950 MHz at a higher band of 5 GHz (4.98–5.93 GHz). The
radiation patterns are approximately omni-directional at each associ-
ated frequency band in the case of the antenna itself. However, those
patterns are influenced by the laptop housing when the modified
antenna is installed inside it. The proposed antenna can provide a
sufficient bandwidth for applications of IEEE 802.11a/b in the United
States and HIPERLAN/2 in Europe, and offer high gains of 2.91 dBi
at 2.44 GHz and 6.48 dBi at 5.8 GHz, respectively.

2. THE PROPOSED ANTENNA DESIGN, AND MEASURED
AND SIMULATED RESULTS

2.1. The Prototype Antenna
Figures 1 and 2 show the structure of the proposed dual-band
prototype antenna with a PIFA type. It is composed of a radiation
element with a hook shape and a rectangular ground plate of small
size. The radiation element is physically supported by a coaxial
cable and shorting pin. They electronically consist of a feeding
structure. The 50 � coaxial cable directly feeds to a radiation patch
by an inner conductor. The outer one is vertically connected to the
small ground plate. The total size of the proposed antenna and
ground has a volume of 47.5 � 20 � 7 mm3. For achieving the
resonant mode at 2.4 GHz band, the resonant length marked in
Path A starting from the shorting point to the open end of the
radiation patch is chosen to be about 32 mm corresponding ap-
proximately to a quarter wavelength of 2.4 GHz, as shown in
Figures 1 and 2(a). The length between the feeding and shorting
point marked in Path B is about 12 mm in Figures 1 and 2(c). It is
selected as an electrically quarter wavelength at the resonant
frequency of 5.5 GHz band. To determine the dual resonant
frequencies, Figure 3 shows the variations of VSWR values,
according to the different position of the short pin and the length
of the radiation element. Figure 3 (a) indicates each associated
VSWR graph with three different values of with a fixed length
of � 16 mm. The variations of length, aL and aR are 2 mm in the
opposite direction and the compared total lengths of are 10, 12,
and 14 mm from reference line (ra) to the shorting point. As shown
in Figure 1, the variations of a shorting position make the length of
Path A and Path B change, simultaneously. When the length of

is shorter ( � 10 mm), the lower resonant band shifts to the left
and the higher one to the right at the same time because the shorter
the length of , the longer the one of Path A in regard to the
Bluetooth band and the shorter the one of Path B in regard to the
WLAN band, simultaneously. Similarly, Figure 3 (b) shows the
variation of VSWR in terms of three different values of with the

Figure 1 Geometries of the proposed prototype antenna in 3D
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