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Low Conversion-Loss Fourth Subharmonic
Mixers Incorporating CMRC for
Millimeter-Wave Applications

Quan Xue, Member, |IEEE, Kam Man Shum, Member, IEEE, and Chi Hou Chan, Fellow, |EEE

Abstract—L ow conversion-loss millimeter-wave fourth sub-
harmonic (SH) mixer designs are proposed in this paper. A mil-
limeter-wave (35 GHz) fourth SH mixers with four open/shorted
stubs is designed and measured. The conversion loss is less than
15 dB within a 2.4-GHz bandwidth. The minimum lossis 11.5 dB
at the center frequency. By replacing two of the shunt stubswith a
dual-frequency in-line stub consisting of newly developed compact
microstrip resonating cells (CMRCs), the performance of the
SH mixer is improved significantly. At 35 GHz, the conversion
loss of this new fourth SH mixer is aslow as 6.1 dB with a 3-dB
bandwidth of 6 GHz. The conversion loss in the whole K a-band
(26.540 GHz) isless than 16 dB. The proposed fourth SH mixer
incor porating with CMRCs provides a low-cost high-performance
solution for RF subsystem design.

Index Terms—Compact microstrip resonating cell (CMRC),
microstrip line mixer, quasi-lumped component, subharmonic
(SH) mixer.

|I. INTRODUCTION

UBHARMONIC (SH) mixers employing an antiparallel
iode pair have been demonstrated to have very good
performance in microwave and millimeter wave [1]-{9]. A
genericrule, for the optimal design of SH mixers, was proposed
by Madjar [8]. A second SH mixer using a coplanar waveguide
with only 10-dB conversion loss was introduced in [9]. One
would expect that the use of a fourth SH mixer should further
reduce the cost and improve the isolation between the RF and
local oscillator (LO) signals. However, design of the fourth SH
mixer with a low conversion loss remains a great challenge
[10], [11].

The most important part in the design of an SH mixer
is to provide suitable terminations at both ends of an an-
tiparallel diode pair for RF, LO, IF, and idler signas. An
open/shorted-stub fourth SH mixer, as an extension of the
open/shorted-stub second SH mixer, is presented in this paper.
The stubs provide return paths for the RF, LO, and IF signals
and grounded terminations for an important idler frequency.
The performance of the SH mixer can beimproved by providing
reactive terminations with suitable phases at both ends of the
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diode pair for more idler frequencies. This is implemented in
this paper by replacing two of the stubs in the mixer by two
compact microstrip resonating cell (CMRC) structures. The
CMRC is a microstrip structure with slow-wave and stopband
effects.

Microstrip transmission lines incorporating an electromag-
netic bandgap (EBG) structure exhibit bandstop and slow-wave
characteristics, which can be exploited to reject unwanted fre-
quency and to reduce dimensions of the microstrip structure.
The EBG structure can be in the form of a periodic array of di-
electric inclusions with a dielectric constant different from that
of the host dielectric substrate [12] or a two-dimensional peri-
odic array of perforations in the ground plane of the microstrip
line [13]. In the study of a microstrip transmission line over a
periodically perforated ground plane, it is found that the propa
gation constant strongly depends on the orientation and location
of the transmission line with respect to the two principal axes
of the periodic perforations [14]. As the ground plane is perfo-
rated, the substrate must be suspended so that the circuits cannot
be fixed on a metal base for mechanic robustness. Perforation
on the transmission line itself [15], [16] is a potentia solution
to these problems. The authors proposed two one-dimensional
microstrip EBG cells, which exhibit remarkable slow-wave and
bandstop characteristics even when one single cell isused [17].
Other than being a nonperiodic structure, the unit cell possesses
two important features of the EBG structure, namely, slow wave
and bandstop. This structure is aternatively called a CMRC
[18].

There has been much literature reporting applications on
EBG structures in microstrip antennas, filters, resonators,
power amplifiers, and mixers [18]-{23]. The unique character-
istics of a CMRC make it particularly useful in microwave and
millimeter-wave circuit design [18], [23]. Dueto its small size,
a CMRC can be embedded in circuits as alumped component,
even though it has a distributive structure. By incorporating
this novel quasi-lumped component in microwave and mil-
limeter-wave circuits, not only can we reduce their size, but
also dramatically improve their performance. In this paper, we
have applied the CMRC in the design of fourth SH mixers.
By properly selecting the bandgap region and location of the
CMRC, two of the four open/shorted stubs in the fourth SH
mixer can be replaced by a dual-frequency stub consisting of
two CMRCs. Due to the unique bandstop and quasi-lumped
characteristics of the CMRC, the proposed CMRC fourth SH
mixer can easily be built with good performance.
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II. DESIGN OF OPEN/SHORTED-STUB FOURTH SH MIXERS

The open/shorted-stub second SH mixers are introduced in
[9] and [24]. For the fourth open/shorted-stub SH mixer, the
stubs should not only provideall thereturn pathsfor the RF, LO,
and IF signals, but also present suitable reactive terminations
for the idler frequencies: fiue = |frr £ 2nfLo|, Where n =
1, 3,4, 5..., especialy the two fundamental idler frequencies
highidler frr + 2fr.0 and low idler frr — 2f1.0. AS an exten-
sion of the second SH mixer, we propose an open/shorted-stub
fourth SH mixer. The mixer, as shownin Fig. 1, consists of four
open/shorted stubs (A, B, C, and D) at the two terminals of
the antiparallel Schottky diode pair with RF and LO signals
applied from left- and right-hand-side terminals of the diode
pair, respectively. Two of the four stubs are tilted to increase
the distance between adjacent stubs to reduce mutual coupling
between them. The IF signal istaken out from the RF port. The
dc/IF block at the RF arm and the low-pass filter (RF choke)
at the IF arm are used to prevent these two from leaking on
each other. On the |eft-hand side of the diode pair, there are two
open stubs A and B. Stub A has a length of a quarter-wave-
length of the LO signal. When the LO signal is applied from the
right-hand side of the diode pair, it grounds the LO signal on
the left-hand side of the diodes, providing the LO signal with
a return path. The RF frequency is approximately four times
that of the LO. Hence, Stub A is about one wavelength of the
RF signal and appears as an open circuit to the RF signal at the
left-hand-side end of the diode pair without reflecting the RF
signal coming from the left-hand side. Stub B is half the wave-
length of the RF signal and also appears as an open circuit to
the RF signal at the left-hand-side end of the diode pair. How-
ever, itisashorted terminal for one of the most important idler
frequency in the mixer, i.e.,, frr — 2fLo. Since frr = 4fL0,
thisidler frequency is approximately one-half of the RF signal.
Stub B isaquarter-wavel ength open stub at thisidler frequency,
providing a short circuit.

Ontheright-hand side of the diode pair, thereisashorted stub
(Stub C) and an open stub (Stub D). Stub D isaquarter-wave-
length open stub, providing a shorted terminal on the right-hand
side of the diodesfor thereturn path of the RF signal applying to
the diode pair from the left-hand side. It is approximately 1/16
wavelength at the LO frequency and its effect on the LO can be
neglected. Stub C isaquarter-wavel ength shorted stub at the LO
frequency appearing as an open circuit on the left-hand side of
the diodes at the L O frequency. However, it isahalf-wavelength
shorted stub for theidler frequency frr —2fLo. Thus, thisidler
frequency is also short terminated on the right-hand side of the
diodes. Stub C providesan IF return path on the right-hand side
of the diode pair. Stub C also provides areturn path for RF be-
cause it is a shorted stub at RF frequency. However, with Stub
D, the operating bandwidth isenhanced. Thediode pairisAlpha
Industry’s DMK 2308. Its parameters are givenin Table .

The LO and IF ports are subminiature A (SMA) coaxial
connected. The RF port is a W-28 rectangular waveguide. The
RF signal is transferred from the waveguide to the microstrip
by means of a waveguidefinline—-microstrip transition. It
introduces an insertion loss of approximately 0.5 dB. The
proposed fourth SH mixer operates as follows. The RF signal
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TABLE |
ALPHA INDUSTRY DMK 2308 DIODE PARAMETERS
Co(pF) | C,(pF) | 1(4) Ry () n (V) | fo(GH2)
0.05 0.02 5%x107" 7.0 1.05 0.82 455
IF
A
Aold
[ ] °
o— — / LO
RF DC/IF Block A, /2
Aol 4
B ¢

Fig. 1. Proposed open/short-stub fourth SH mixer.

TABLE I
SIMULATION RESULTS OF THE OPEN/SHORT-STUB FOURTH SH MIXER WITH
foo = 8.5 GHz, frr = 35 GHz, AND fir = 1 GHz

B,,(dBm) Conversion Z,,() Z e () Z, ()
Loss (dB)
7 10.8 48.7-j42.7 12.5-j1.1 73.7+j7.0
10.4 36.3-j28.7 10.3+j5.7 53.2+j7.7
11 10.5 28.2-j20.5 8.8+j8.7 43.8+j7.0

feeds from the left-hand side of the diode pair by the wave-
guide—finline-microstrip transition and returns through Stub
D. Stub A and B on the left-hand side have no effect on the
RF signal. The LO signa isfed from the right-hand side of the
diode pair and returns through Stub A on the left-hand side of
the diode pair. Stub D has very little and Stub C has no effect
on the LO signal. Stubs B and C' provide shorted terminals for
idler frequency frr — 2fLo on the left- and right-hand sides
of the diode pair, respectively. Hence, the idler frequency is
suppressed and conversion loss is improved.

Thecircuit in Fig. 1 was simulated using Microwave Office.!
Table 1l shows the simulated conversion loss and device im-
pedances for LO, RF, and IF. Fig. 2 shows the measured con-
version loss of the fourth SH mixer described above operating
at 35 GHz. Within approximately 2 GHz of 3-dB bandwidth,
the conversion loss is less than 14 dB with the lowest point

IMicrowave Office is a trademark of Applied Wave Research Inc., El Se-
gundo, CA.
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Fig. 2. Measured conversion loss of a 35-GHz open/short stub fourth SH
mixer.

at 11 dB with a 0.5-dB insertion loss of the 35-GHz wave-
guide—finline—microstrip transition deducted from the conver-
sion loss curve shown in Fig. 2. The IF frequency is fixed at
1.0 GHz. It can be seen that the open/shorted-stub fourth SH
mixer issimplein structure and is easy to design with good per-
formance.

IIl. PRINCIPLE OF THE CMRC IN-LINE STUB
FOURTH SH MIXERS

Although the open/shorted-stub fourth SH mixer introduced
in Section |1 gives agood performance, thereis till large room
for improvement. In the above mixer, only oneidler frequency,
i.e., frr — 2fLo0, is suppressed by grounding on both sides of
the diode pair which does not satisfied Madjar’ srule[8] that ter-
mination of theidler frequency should have an optimized phase
to minimize the conversion loss. The mixer does not provide a
reactive termination for another important idler frequency, say,
frr + 2fr.o, Which can cause an increase in the conversion
loss. The open stub, i.e., Stub D, on the right-hand side intro-
duces a shunt reactance of approximately — ;80 € for the LO,
causing an increase of the LO port voltage standing-wave ratio
(VSWR). We try to resolve the above problems by employing
CMRC in-line stubs.

A. Concept of In-Line Stub

Anin-linestubisillustrated in Fig. 3. Signals f; and f> with
f2 > f1 arefed into the input port of a microstrip line with a
CMRC. The CMRC stopband and passhand arelocated at > and
f1, respectively. f; will pass through the CMRC to the output
port with a small transmission loss, while f> will be reflected
back to the input port with a small return loss. The reflection
phase of f> can be tuned by changing the length between the
CMRC cell and input port. The CMRC unitswith different stop-
band frequency locations can be cascaded in a descending fre-
quency order to obtain a multifrequency reflection in-line stub.

B. Design of CMRC Using Distributive Equivalent Circuit

A lumped equivalent circuit for the CRMC has been intro-
duced in [17]. This equivalent circuit explains why the slow
wave and bandstop occursin the CMRC and helpsto investigate
new perforation patterns for the CMRC. Its component values
have no direct relationship with the physical structure, hence,
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Fig. 3. CMRC in-line stub.

it makes circuit synthesis impossible for the CMRC. However,
thiscan be donewith the help of adistributive equivalent circuit.
Fig. 4 shows the CMRC structure and its distributive equival ent
circuit. It can be seen that all the components of the distribu-
tive equivalent circuit can be obtained directly from the original
structure, and all the components are standard microstrip com-
ponents, which can be calculated with satisfactory accuracy by
closed-form equations [23]. To predict the performance of the
CMRC accurately, some parameter modifications are necessary
for the distributive equivalent circuit. The modificationsinclude
the following.

1) The microstrip step from the 50-€2 line to the narrow in-
ductance line is a microstrip step from ws instead of w,
to wy. Thisis because the width on the other part of the
50-(2 lineis occupied by the microstrip gap structures.

2) The length of microstrip taper line is the average length
of the two sides of the triangle.

3) The length of the longitudinal narrow line is not (az —
a1)/2, but (az — a1)/2 because of the microstrip gap’s
extension.

4) The width of the microstrip gap is not (w, — w-2)/2, but
reduced by afactor of «.. Thisis because one side of the
gap is not arectangular line, but atriangular line, which
reduces the coupling capacitance area.

Fig. 4(b) shows a distributive equivalent circuit for the
CMRC, as shown in Fig. 4(a). The parameters in Fig. 4(a)
for the equivalent circuits are a; = 0.2 mm, a; = 23.6 mm,
az = 24.0 mm, wy = 0.2 mm, we = 0.6 MM, ws = 3.8 mm,
and w, = 4.2 mm. The substrate is Duroid 5870 with a dielec-
tric constant of 2.95 and athickness of 1.524 mm. Fig. 5 shows
the S-parameters of the CMRC calculated using the distributive
circuit. Also shown in Fig. 5 are the measured S-parameters
of the CMRC. It can be seen that the distributive equivalent
circuit can accurately simulate the performance of the CMRC.
With the help of the distributive equivalent circuit, we can
easily synthesize and optimize the CMRC by closed-form
computer-aided design (CAD) equations. In contrast, many
other EBG structures still need rigorous numerical simulation
and a trial-and-error procedure is needed for the design. Due
to perforation, the impedance of CMRC is larger than that of a
normal microstrip line. Therefore, the CMRC section should
be wider than that of a 50-2 microstrip line, whose width can
also be determined by an equivalent circuit.

C. Sructure of CMRC In-Line Stub Fourth SH Mixer

The proposed CMRC in-line stub fourth SH mixer isshownin
Fig. 6. It can be seen that the left-hand-side part of the CMRC
fourth SH mixer is the same as that of the open/shorted stub
fourth SH mixer. On the other hand, a dua frequency in-line
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stub consisting of two cascading CM RCs repl aces the open and
shorted stubs on the right-hand side of the diode pair. The first
CMRC on the right-hand side of the diode pair, i.e.,, CMRC-1,
isawide-band bandstop structure. Its stopband covers not only
thewhole RF band, but also theidler frequency frr +2f1.0. By
tuning the length of L, CMRC-1 presents a short circuit on the
right-hand side of the diode pair at the RF frequency providing
the RF with the return path. CMRC-1 also appears as areactive
termina for frr+2 1.0 leading tothisidler suppression. Below
the RF band, CMRC-1 can be taken as a section of a regular
transmission line with asmall insertion loss. The LO signal and
idler frequency frr — 2f1.0 can go through this CMRC section
without being affected. The stopband of CMRC-2 is designed
to be at the other idler frequency frr — 2fLo. By tuning the
length of .o, CMRC-2 provides areflection with tunable phase

to Madjar’srule [8]. There are two low-pass filters on the | eft-
and right-hand sides of the diode pair, respectively. The left-
hand-side low-pass filter is for taking out the IF signal, while
the right-hand-side one is grounded for the I F return path.

IV. DESIGN AND TESTING OF A 35-GHz CMRC
FOURTH SH MIXER

A 35-GHz CMRC fourth SH mixer was built. The frequency
at 35 GHz is an atmospheric window in the K a-band. Many
millimeter-wave communications and radar systems choose
35 GHz as the center frequency. The design of the 35-GHz LO
isaprincipal challenge for down-converters in these systems.
Dielectric-resonator stabilization, multiloop phase locked-loop
(PLL), and frequency multiplier are common approaches for a
good quality 35-GHz L O, but at the cost of a more complicated
and expensive construction. The proposed fourth SH mixer
in this paper needs only an 8.5-GHz LO, which can easily be
realized with high performance using the PLL technique.



XUE et al.: LOW CONVERSION-LOSS FOURTH SH MIXERS

180

120 1

D
o

—CMRC-1
= = = CMRC-2

Phase (degree)
[

&
1S3

-120

-180 . : T : : :
0O 10 20 30 40 650 60 70 80
Frequency (GHz)

Fig. 7. Simulated reflecting phase of CMRC-1 and CMRC-2 in the fourth
CMRC SH mixer.

A. Building of the 35-GHz CMRC Fourth SH Mixer

The SH mixer was built on a Duroid 5880 with g, = 2.2,
h = 0.254 mm according to the structure in Fig. 6. In this
circuit, the left-hand side of the diode pair consists of general
microstrip structures, such as open stubs, high/low-impedance
low-pass filter, coupling lines for dc block, etc. Following the
usua procedure, they can be easily designed. The distributive
equivalent-circuit model can be used for the initial design of
the CRMC structures. Numerical simulation tools (such as En-
semble 6.0)2 should be used for fine tuning. In most cases,
equivalent-circuit results are accurate enough.

CMRC-1 in the mixer was designed to have a wide stopband
for the RF frequency (35 GHz) and the higher fundamental idler
frequency (70 GHz). Fig. 7 showsthe phase of S;; of CMRC-1.
At 35 GHz, the phase of S;; is —53°. To provide a short ter-
mination for 35 GHz, it should be —180°. Thus, a section of
microstrip line with a roundtrip phase delay of 127° should be
inserted between CMRC-1 and the diode. At 70 GHz, the phase
of 511 is 140°. However, the combination of CMRC-1 and the
microstrip line at this frequency result in a —114° reflection at
the diode pair with a magnitude close to one.

Also shown in Fig. 7 is the reflecting phase of CMRC-2.
CMRC-2 was designed to present a phase tunable reflection
at the diode pair for the low fundamental idler frequency
(17.5 GHz), while it introduces no insertion loss for the LO
signal. By tuning the length of L, different reflection phase
# can be observed at the diode pair. The circuit in Fig. 6
was simulated using Microwave Office. Table Il shows the
simulated conversion loss and device impedances for LO, RF,
and IF.

B. Measurement

Fig. 8 showsthecircuit pattern of the CMRC fourth SH mixer.
Itisalittlebit larger than the open/shorted-stub fourth SH mixer,
asshowninFig. 1, by 23% longer length and 16% narrower size.
The LO and IF are fed in and taken out by SMA coaxia con-
nectors. The RF signa isfed in through a standard WR-28 rect-
angular waveguide for the Ka-band. A finline-microstrip tran-
sition is employed to couple the RF signal from the waveguide

2ENSEMBLE is atrademark of Ansoft Inc., Pittsburgh, PA.
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fro = 8.5 GHz, frr = 35 GHz, AND fir = 1 GHz

P, (dBm) Conversion Z,,(8) Z e (Q) Z ()
Loss (dB)

6.9 63.4-j51.1 13.1-j1.4 83.6+j40.0
6.1 46.7-j26.5 15.8+j3.7 69.2+j39.0
7.4 35.3-j14.0 16.0+j3.3 60.9+j40.3
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Fig. 9. Measured conversion loss of the CMRC SH mixers with different
reflection phase 6 for the lower idler frequency frr — 2 fro. The LO power is
11 dBm for the optimal conversion loss.

to the microstrip line. The diode pair is aso Alpha Industry’s
DMK2308. Threecircuitswith adifferent # value are fabricated
and measured. Fig. 9 shows the measured conversion loss. The
measurement was done with the I F frequency fixed at 1.0 GHz.
It can be seen that when ¢ = 130°, the conversion loss is the
lowest among these three designs. With 11-dBm optimum LO
power, the lowest conversion loss of the mixer is 6.1 dB. The
3-dB bandwidth of the conversion loss is over 6.0 GHz. The
conversion loss in the whole K a-band (26.5-40 GH2) is less
than 16 dB. Once again, a 0.5-dB insertion loss from the wave-
guide—finline—microstrip transition is deducted from the conver-
sion loss curve shown in Fig. 9.

V. CONCLUSIONS

As an extension of the second SH mixer, the proposed
open/shorted-stub fourth SH mixer has good performance. It
provides agrounded termination for the lower fundamental idler
frequency, but not for the higher fundamental idler frequency.
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Furthermore, the phase cannot be tuned. By replacing two of
the stubs with a dua-frequency CMRC in-line stubs that can
be optimized through individually tuning the reflection phase
for different frequencies, the performance of the SH mixer has
been significantly improved. A distributive equivalent circuit
of the CRMC is proposed for the synthesis of the CMRC.
Fina designs have been verified with rigorous commercial
software such as Ensemble. A 35-GHz CMRC in-line fourth
SH mixer has been designed, fabricated, and measured. This
mixer achieves a very low conversion loss of 6.1 dB. The 3-dB
bandwidth of conversion lossis over 6.0 GHz. The conversion
loss in the whole K a-band (26.5-40 GHz) is less than 16 dB.
This result even outperforms some fundamentally pumped
mixer designs.

REFERENCES

[1] M. Cohn, J. E. Degenford, and B. A. Newman, “Harmonic mixing with
antiparallel diode pair,” IEEE Trans. Microwave Theory Tech., vol.
MTT-23, pp. 667673, Aug. 1975.

[2] P S. Henry, B. S. Glance, and M. V. Schneider, “Local-oscillator noise
cancellation in the subharmonicaly pumped down-converter,” |EEE
Trans. Microwave Theory Tech., vol. MTT-24, pp. 254-257, May 1976.

[3] A.R. Kerr, “Noise and loss in balanced and subharmonically pumped
mixers: Part |—Theory,” IEEE Trans. Microwave Theory Tech., vol.
MTT-27, pp. 938-943, Dec. 1979.

[4] ——, “Noise and loss in balanced and subharmonicaly pumped
mixers: Part Il—Application,” IEEE Trans. Microwave Theory Tech.,
vol. MTT-27, pp. 944-950, Dec. 1979.

[5] C. M. Mann, D. N. Matheson, and M. R. B. Jones, “183 GHz double
diode subharmonically pumped mixer,” Int. J. Infrared Millim. Waves,
val. 10, no. 9, pp. 1043-1049, 1989.

[6] P H.Siegel, R.J. Dengler, . Mehdi, J. E. Oswald, W. L. Bishop, T. W.
Crowe, and R. J. Mattauch, “Measurements on a 215-GHz subharmon-
ically pumped waveguide mixer using planar back-to-back air-bridge
Schottky diodes,” IEEE Trans. Microwave Theory Tech., vol. -41, pp.
1913-1921, Nov. 1993.

[7] S. D. Vogel, “Design and measurements of a novel subharmonically
pumped millimeter-wave mixer using two single planar Schottky-bar-
rier diodes,” | EEE Trans. Microwave Theory Tech., vol. 44, pp. 825-831,
June 1996.

[8] A. Madjar, “A novel general approach for the optimum design of mi-
crowave and millimeter wave subharmonic mixers,” |EEE Trans. Mi-
crowave Theory Tech., vol. MTT-44, pp. 1997-2000, Nov. 1996.

[9] S. Raman, F. Ruchy, and G. M. Rebeiz, “A high-performance ¥ -band

uniplanar subharmonic mixer,” |IEEE Trans. Microwave Theory Tech.,

vol. 45, pp. 955-958, June 1997.

A. Madjar and M. Musia, “A X4 low loss microstrip 38.5 to 40 GHz

subharmonic mixer,” Microwave J., pp. 107-110, June 1994.

M. Chapman and S. Raman, “A 60 GHz uniplanar MMIC 4x subhar-

monic mixer,” in [IEEE MTT-SInt. Microwave Symp. Dig., Boston, MA,

June 2000, pp. 95-98.

H. Y. D. Yang, N. G. Alexopoulos, and E. Yablonovitch, “Photonic

bandgap materials for high-gain printed circuit antennas,” |EEE Trans.

Antennas Propagat., vol. 45, pp. 185-187, Jan. 1997.

F-R. Yang, F-R. Y. Qian, R. Coccioli, and T. Itoh, “A novel low-loss

slow-wave microstrip structure,” |EEE Microwave Guided Wave Lett.,

vol. 8, pp. 372-374, Nov. 1998.

M. Kahrizi, T. K. Sarkar, and Z. A. Maricevic, “Dynamic analysis of a

microstrip line over aperforated ground plane,” |EEE Trans. Microwave

Theory Tech., vol. 42, pp. 820-825, May 1994.

A. Gorur, C. Karpuz, and M. Alkan, “Characteristics of periodically

loaded CPW structures,” IEEE Trans. Microwave Guided Wave Lett.,

vol. 8, pp. 278-280, Aug. 1998.

C.-S. Kee, J-E. Kim, H. Y. Park, and H. Lim, “Roles of wave

impedance and refractive index in photonic crystals with magnetic and

dielectric properties,” |IEEE Trans. Microwave Theory Tech., vol. 47,

pp. 2148-2150, Nov. 1999.

Q. Xue, K. M. Shum, and C. H. Chan, “Novel 1-D microstrip PBG cells,”

|EEE Microwave Guided Wave Lett., vol. 10, pp. 403405, Oct. 2000.

(10

(11]

(12

(13]

(14]

[15]

[16]

(17]

IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 51, NO. 5, MAY 2003

[18] Q. Xue, K. M. Shum, and C. H. Chan, “A novel oscillator incorporating
a compact microstrip resonant cell,” |EEE Microwave Wreless Comp.
Lett., vol. 11, pp. 202-204, May 2001.

F-R. Yang, R. Cocciali, Y. Qian, and T. Itoh, “PBG-assisted gain en-
hancement of path antennas on high-dielectric constant substrate,” in
|EEE AP-S Symp. Dig., July 1999, pp. 1920-1923.

F-R.Yang, Y. Qian, and T. Itoh, “ A novel uniplanar compact PBG struc-
ture for filter and mixer applications,” in IEEE MTT-S Int. Microwave
Symp. Dig., June 1999, pp. 919-922.

T.-Y. Yun and K. Chang, “One-dimensional photonic bandgap res-
onators and varactor tuned resonators,” in |[EEE MTT-SInt. Microwave
Symp. Dig., Anaheim, CA, June 1999, pp. 1629-1632.

V. Radisic, Y. Qian, and T. Itoh, “Broad-band power amplifier using di-
electric photonic structure,” |EEE Microwave Guided Wave Lett., vol. 8,
pp. 13-14, Jan. 1998.

K. M. Shum, Q. Xue, and C. H. Chan, “A novel microstrip ring hybrid
incorporating a PBG cell,” |EEE Microwave Wreless Comp. Lett., vol.
11, pp. 258-260, June 2001.

[24] S. A.Maas, Microwave Mixers. Boston, MA: Artech House, 1993.

(19]

(20

[21]

(22

(23]

Quan Xue (M’02) receivedthe B.S., M.S., and Ph.D.
degrees in electronic engineering from the Univer-
sity of Electronic Science and Technology of China,
Chengdu, China, in 1988, 1990, and 1993, respec-
tively.

In 1993, hejoined the Institute of Applied Physics,
University of Electronic Science and Technology of
China, as a Lecturer. He became an Associate Pro-
fessor in 1995 and a Professor in 1997. From October
1997 to October 1998, he was a Research Associate
and then a Research Fellow with the Chinese Univer-
sity of Hong Kong. Since June 1999, he has been with the Wireless Communi-
cations Research Center, City University of Hong Kong, Kowloon, Hong Kong,
where heis currently a Senior Scientific Officer. His research interests include
microwave circuits and antennas.

Kam Man Shum (M’02) washbornin China, in 1974.
He received the B.Eng. and M.Phil. degrees in elec-
tronic engineering from the City University of Hong
Kong, Kowloon, Hong Kong, in 1998 and 2001, re-
spectively, and is currently working toward the Ph.D.
degree at the City University of Hong Kong.

In 1998, he joined the Wireless Communications
Research Center, City University of Hong Kong.
His research interests include microwave and
millimeter-wave circuits, EBG structures and their
applications, and microstrip antennas.

Chi Hou Chan (S'86-M’86-SM’ 00— 02) received the Ph.D. degree in elec-
trical engineering from the University of Illinoisat Urbana-Champaign, in 1987.

From 1987 to 1989, he was a Visiting Assistant Professor with the University
of lllinois at Urbana-Champaign, where he was associated with the Electromag-
netic Communication Laboratory. In 1989, he joined the Department of Elec-
trical Engineering, University of Washington, Seattle, as an Assistant Professor.
Since April 1996, he has been with the Department of Electronic Engineering,
City University of Hong Kong, Kowloon, Hong Kong, where he is currently
a Chair Professor of electronic engineering an Associate Dean of the Faculty
of Science and Engineering, and the Director of the Co-operative Education
Center. Heis also a Guest Professor with the Xi'an Jiaotong University, an Ad-
visory Professor with the Nanjing University of Science and Technology, and
an Adjunct Professor with the University of Electronic Science and Technology
and Peking University, all in China. Hisresearch interestsinclude computational
¢electromagnetics, antennadesign, and microwave and millimeter-wave commu-
nications systems.

Prof. Chan was a recipient of the 1991 U.S. National Science Foundation
(NSF) PYI Award. He was aso the recipient of the 1998-2000 Outstanding
Teacher Award (EE FT Program) presented by the City University of Hong
Kong.



	MTT025
	Return to Contents


