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A New 3-dB Power Divider for
Millimeter-Wavelengths

Vessen Vassilev, Victor BelitskiMember, IEEEDenis Urbain, and Sergey Kovtonyuk

Abstract—This paper presents a new type of 3-dB power divider line for easy integration with the subsequent receiver frontend
that achieves wide-band, low-loss, and symmetric power division. (mixer) circuitry.
In the paper, we discuss the design considerations and present re-
sults of measurements at 10 and 100 GHz. The power divider sym-
metry is examined as a function of the termination loads mismatch. IIl. DESIGN CONSIDERATIONS
The simplicity of the presented divider makes it very suitable for  1he wayeguide to microstrip power divider is shown in Fig. 1.
application at millimeter and submillimeter bands. The predicted The inout port 1 is a wav ide and th tout ports 2 and 3 ar
and the measured performance are in very good agreement. _e pl‘_' p_o S awaveguide a e output ports 2 a are
- - ) microstrip lines patterned on a substrate locatgd from the
rat'.';‘:]er)éCT:.”grs_“g'”('ame.tgg‘t"c’)a‘ﬁé%;"t‘;‘?r t‘:g’r']‘i‘?t.ré:'de band sepa- \yaveguide backshort. The substrate is crystal quarts placed in
! Ver, wavegu ! P ton. a channel with subcritical dimensions to prevent propagation of
waveguide modes in the substrate channel. The E-field for the
I. INTRODUCTION dominant mode has its maximum at the center of the substrate at

Branch-type 90 couplers and 180 hybrids are usual equidistant point from the probes. The E-vector oscillates in the

elements of balanced or sideband separating receivgirrseCtion that is parallel to the probes orientation inducing anti-
at microwave frequencies. Recently, this receiver technolo mmetrical currents. The probes 5, placed in the middie of the

. . ; - } oad wall of the waveguide, are followed by high impedance
shifts up in frequency approaching the millimeter-wave ba microstrip lines 6, which transform the capacitive component

[1]-[3]. At these frequencies, a rectangular waveguide provide ) . : g
. . the probes impedance. Tapered lines provide the transition
the lowest loss and is frequently used as an input for tHetween the high impedance lines to thefb0utput lines 7.

receiver. Low insertion loss, symmetric power division, an tundamental property of a lossless reciprocal three-port de
phase balance are requirements [1] for power divider to be usedA‘ property P P

at both RF and local oscillator channels. Most of the existing® Is that all three portsannotbe simultaneously matched un-

power-dividing schemes used for microwave applications atess aresistor is introduced to compensate the coupling between

relatively difficult to implement for the millimeter-wave band, he output ports, as in the Wilkinson power divider. In our de-

e.g., around 300 GHz. Power splitting can be provided in {5ign, we avoid the use of resistor allowing coupling between the

waveguide using, e.g., magic T [4], over a relatively narrov?/UtpUt ports, i.e.523 # 0. To evaluate the tradeoff between the

frequency band. Waveguide branch-type couplers appear’tgPut POrts reflectiorb2, S33, and output port couplingzs
be very suitable and recently reported to be fabricated for ﬁge setour ptrlorllcfy t? br%the_logs leSS; ymTeglcaIEov;erdEnsmn
to 700 GHz [5] but still might be challenging for machining. V|ng_|np2u 2re 'tehc 10 ttu — ant [S21] = [S12] = || =
In order to provide the required amplitude symmetry oveli‘gl?’| = V/2/2 with scattering matrix
the entire band, several branch sections have to be cascaded ||S;;| |Sio| |Si3] 0 V2/2 V2/2
necessitating longer waveguide lines and correspondingly more .
insertion loss. An attractive solution is suggested in [2], [3] [S21] 1822] ISl | = | V2/2 Sl |5l
using a branch-line coupler and Wilkinson power divider based |S51]  [S32| |93 V2/2 S| Sz
on a planar line structure. This requires a planar terminatim%
and _balancmg resistors that, ywth necessary tolerances, mig Iﬁmn in theS matrix gives ugSaa|? + |Sa2|? + 0.5 = 1. A
be difficult component for a thin-film processing. reasonable tradeoff would be

We suggest a power divider where a double probe structure is
coup_led to the E-_fie_ld in a waveguide; t_he probes split the input |S22| = |S33| = |S32| = |S23| = —6 dB. (1)
RF signal with minimum loss over a wide frequency band and

simultaneously provide transition from waveguide to microstrigritical parameters in achieving the required tradeoff from (1)
over as wideband as possible are the spacing between the two
probes and the probes’ shape. These parameters were optimized

_ Manusc_npt received October 5, 2000; re\_nsed Decgmber 12, 2000. The L%ing High Frequency Structure Simulator [7]’ and the device
view of this letter was arranged by Dr. Ruediger Vahldieck f d. T h h |
V. Vassiley, V. Belitsky, and D. Urbain are with the Radio and Space Scien&?ometry was found. To ease the phase measurement a scale

Department, Chalmers University of Technology, Gothenburg, Sweden (e-ma&itodel was built at 8.5-12.5 GHz and measured with a vector

lying the energy conservation condition for the second

vevas@oso.chalmers.se). _ o __network analyzer. The measured impedance at the output ports
S. Kovtonyuk is with the Institute of Radio Engineering and Electronics . . .

Moscow, Russia. 15 shown in Fig. 2. The distance between the probes and the
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Fig. 1. Waveguide to microstrip power divider. 1—the input port, 2, 3—the
output ports, 4—channel with the substrate, 5—probes, 6—high impedance lifgy. 3. Measured input—output complex transmissign, Sz .
7—output microstrip line.

Fig. 2. Measured coupling between the output péiis (trace A) and the

measured output impedanSe., S (trace B). Fig. 4. Waveguide to microstrip power divider as it was measured at 100 GHz.

The microstrip ports were replaced with microstrip to waveguide transitions.
The waveguide is WG-10, the structure dimensionsSate 340 ym, W = 95

provide impedance curve such that its center coincides with tim, L = 270 um, and the substrate cross section is 610/160
center of the Smith diagram and thus constdiit~ —6 dB
is provided for all frequencies in the band (Trace B). Similarly,,

th ina (T A)is al ircl tered in the middle of 3 dB. This power divider is a perfect 18@requency in-
€ coupiing (Trace . ).'S aiso acircle centered in the middie aependent phase shifter and is very much suitable for balanced
the Smith chart providing constant magnitudeSef ~ —6 dB

in the pass band. Thus the performance of the power divic{%lxer application. The phase difference at the output ports re-

b ind dent on th ina bet h tout ins constant even if the structure is terminated with asym-
ecomes Iindependent on the spacing between the outpu pﬂ{&ric loads. Fig. 3 shows two pairs of points taken at the be-
(the length of the transmission line 7).

ginning and at the end of the band for bé&th andSs,, the lines
connecting this points cross the Smith chart in the center.

In order to confirm the predicted performance at mil-

The device was fabricated on a crystal quartz substrate-(  limeter-waves a power divider has been built and measured at
4.44) using standard photolithography process and DC ma8s—115 GHz using a multi-channel scalar network analyzer.
netron spattered gold layer. In order to reduce the source ando facilitate measurements with waveguide adapters at mil-
loads match error terms at 10 GHz measurements, a complateeter wavelengths, additional microstrip to waveguide tran-
two-port calibration was performed at the SMA ports of the aitions were designed and connected at the microstrip ports,
alyzer while the measurements were performed using a “dire€tig. 4. The transmissiolz; and S3; was measured between
method [6] where two of the ports were accessed at atime, whig and 115 GHz and is plotted in Fig. 5, the typical total loss
the third was match terminated. A high-quality SMA-to-waveis 0.3 dB over 30% of bandwidth and include losses in the
guide transition was used to provide waveguide source to femitrostrip to waveguide transition. In this measurement only
the structure and its loss is taken into account in the measuresponse calibration was performed and this results in ripples
ments. The measured transmission between the input and ¢hased by the interaction between the system’s source and loads
output portsSsy, S3; is shown in Fig. 3 mismatch. Since the output ports are coupled, the amplitude

Both responses resemble a circle at the center of the Smadymmetry is likely caused by possible difference in the load
chart having radius 0.707 providing constant transmission tfminations.

I1l. M EASURED PERFORMANCE
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metry, which would be observed in the ideal Wilkinson-type
power divider. From the plot it can be noticed that for small
impedance deviations/;,/Z, the asymmetry of the power
divider converges to one of the ideal Wilkinson divider. Fig. 6
shows that even with mismatch at the outputs, as long as
Zr1/Zo = Z12/Z, the suggested device continues to provide
symmetric power division as with the Wilkinson divider.

V. CONCLUSION

We present power divider based on a double-probe structure
coupled to a waveguide. The device has been modeled and
optimized using HFFS electromagnetic simulation package. We

Fig. 5. Measured transmission magnitude of the power divider at 100 gf}8ve achieved a very good agreement between the simulated

(solid lines) and the simulated transmission (dashed lines).

and the measured performance with typical measured insertion
loss of 0.2-0.3 dB at 85-115GHz and nearly negligible ampli-
tude imbalance o#&0.3 dB. Our measurements confirm that the
suggested power divider provides extremely low insertion loss
and broadband operation limited only by the dominant mode
in the waveguide. The power divider is a perfect phase-splitter,
since the E-field vector oscillates in the direction parallel to
the probes; phase difference of 28 introduced between
the output ports for all frequencies of the waveguide dominant
mode. The device is fabricated using microelectronics pro-
cessing technique that allows accurate patterning convenient to
scale for millimeter and submillimeter wavelengths and it can
be used in balanced or sideband separation receivers at these
wavelengths.
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