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Abstract—To achieve low conversion-loss and high image- [l. CONFIGURATION OF THEWIDE-BAND SSB SHP MXER

rejection performance in the wide band for up and down conver- C fi | SSB mi for both dd .
sion, an SSB subharmonically pumped mixer using an inphase onventiona mixers for both up and down conversion

RF divider/combiner is proposed. The SSB mixer monolithic US€ an RF quadrature hybrid as an RF divider/combiner. In
microwave integrated circuit (MMIC) is integrated in a small MMIC’s, a branch-line hybrid is generally employed because
area of 1.8x 1.3 mnt and shows good performance at 21.6 to it is suitable for reducing the size [5]. However, the branch-
30.8 GHz. line hybrid only works in the narrow band, especially when
Index Terms—Image-rejection mixer, monolithic microwave reduced in size. On the other hand, a Wilkinson divider outputs
integrated circuit (MMIC), quasi-lumped stub, subharmonically  well-balanced signals in both amplitude and phase and has
pumped mixer, wide-band mixer. lower insertion-loss, for the wide bandwidth, than branched-
line hybrids, even though its lumped elements reduce the size.
Therefore, to give the SSB mixer high performance in the
wide RF band, the Wilkinson divider is chosen as its RF

divider/combiner.

F,OR FUTURE personal radio communication systems Us-the pronosed SSB mixer also has a potential to keep such
~ing higher frequency bands, low-power-consumption angltormance high in the wide IF band, as mentioned below.
high-cost-performance RF equipment or circuits are desired-rpe image-rejection ratio is described as a function of over-
A subharmonically pumped mixer (SHP mixer) using agy amplitude and phase imbalance [3]. When these imbalances
antiparallel pair of diodes is a most likely candidate for mixerg, . increased, the image-rejection performance is decreased.
because it can reduce the number of multiplier-stages, reqUifﬁsMMIC’s, well-matched unit mixers can be obtained, so
no dc power, and can be used for both up and down conversigfhaances caused by the differences between mixers are
[1]: [2]. Furthermore, an SHP mixer with a.well-matche.d OIIC’dﬁegligible. Therefore, if the balances between two IF signals
pair does not output any even harmonics. In practical Usge completed and the frequency response of the unit mixer
single-sideband mixers (SSB mixers) are desired. To achiq¢€¢ the imbalances are only caused by both RF and LO
low conversion-loss and high image-rejection performance iy iqer/combiner. Because a Wilkinson divider outputs well-
an SSB mixer, its dividers/combiners have to be extremely anceq signals for the wide bandwidth, the imbalances in
accurate in amplitude and phase. A conventional type of S%® conventional SSB mixer, which use a Wilkinson divider
mixer for both up and down conversion needs an LO inphagg an LO divider, are from an RF branch-line hybrid, and

divider and _tWO quadrature hybrids at IF and RF ports [3}he impalances in the proposed SSB mixers are from an LO
Usually, IF is set at a lower frequency than RF and LO, sqider.

the IF hybrid is often excluded from an SSB mixer monolithic ¢ frequencies of both the desired signal and the image are
microwave integrated circuit (MMIC) because it requires g ngeq with IF frequency, and the difference between desired
huge area. The RF hybrid also occupies a large area Singey jmaqe frequencies is twice the IF. Therefore, the response

it is in proportion to a quarter of the wave length of RFof the branch-line hybrid at one of two frequencies is different
Therefore, some approaches have been proposed to reducg g 1t at the other, so amplitude and phase imbalances are

hybrid's size [4], [5], but these approaches require the sacrifighanged with IF frequency. To minimize the insertion-loss, an

of bandwidth. RF divider/combiner is generally designed to set its center of

In this paper, to achieve high performance in the wide banglyq ency to the desired signal. With this condition, if the IF
an SSB SHP mixer MMIC that employs a lumped Wilkinso.oqency is higher, imbalances at the branch-line hybrid are
divider, instead O,f a hybrid, as an RF d|V|der/comb|ner 'I%lrger. Thus, performance of the conventional SSB mixer is
propo_sed. The mixer MMIC al_so _employs the quasrlumpeéhected by IF frequency, and generally decreases at a higher
technique to drastlc_ally reducg its size. The novel mixer MMIC 5 the other hand, for the proposed SSB mixer, imbalances
works well for a wide bandwidth. at an LO divider are not affected by the frequency of IF. So,

for a given LO frequency, the proposed SSB mixer's good
performance is maintained for a wide IF.

I. INTRODUCTION

Manuscript received March 31, 1997; revised August 15, 1997. Fig. 1 shows the configuration of the wide-band SSB SHP
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Kanagawa 239, Japan. miixer. It consists of two SHP mixers, an LO power divider
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Fig. 4. Frequency response of quasi-lumped,/4 open stub.

Quasi-lumped

ohert Stun IF filter and an RF high-pass filter to isolate RF and IF ports. To

' - ' isolate the RF port from the LO port, the SHP mixer generally
Fig. 2. Circuit diagram of the SHP mixer. includes two stubsipo/4 open stub and\ro/4 short stub.

divider/combiner. These are connected to each other as shqwp™ the antiparallel pair of diodes, the open stub is located

in the figure. In this figure, upper sideband (USB) is choséﬂward the RF port and the short S_t“t? is IpcaFed toward the
as desired signal. LO port. However, the\r,o/4 transmission line is very long

For up-conversion, IF signals with frequengy- are input and occupies a large area in an MMIC. To make the stubs

to the IF hybrid, then they are divided and fed2 radians out compact, each Stl.Jb is shortened by the quasi-lumped method
of phase, into each mixer. LO power with frequenfo is with shunt capacitors. o . Y
divided into two signalsr/4 radians out of phase. Then, SHP The )‘L?/4 oeen stub, which is smultaneogsly short” at
mixers generate the up-converted signals, and the frequeneﬁb‘%’ and “open” alfgr (= 2fL.o + fir & 2f10). is shortened
of their major components are described (@10 + fir). Wlt asymmetric _shunt capacitors at its en_ds, as shown in
Between the RF ports of the mixers, up-converted usEY: 3. The capacitance&; andCy, of the quasi-lumped open

signals(2fL.o + fir) are in-phase with each other and LS§tUb are determined as follows:

component$2f1.o — fir) are out of phase, as shown in Fig. 1. O = 1

The Wilkinson combiner combines all components in phase. 27 fLo - Z - tan 6

Therefore, the desired up-converted USB signal appears at the o, — Cy 1)
output while the LSB signal is canceled. 7 31tan?é

For down-conversion, it also works as an image-rejectiQfhere 7 is line impedance and (0 < 6 < x/2) is electrical
mixer similar to the case for up-conversion. But, as Sho"‘f@ngth of the stub af;.o. Fig. 4 shows the measured frequency
in Flg._ 1, the down-converteq USB component appears at tlréesponse of the open stub designed fias = 9.7 GHz. In the
opposite port of the IF hybrid. Therefore, the IF input pPorg e 1 is the width of the transmission line. The calculated
and output port can be connected directly with a modulatgh, 4 cteristics of the full-sizedl o, /4 open stub on the GaAs
gnd a demodulator, respectively. Thus, the IF swﬂgh,. whichhstrate are shown for a comparison. The suppressiginat
is conventionally used to change between transmission gftihe fy|l-sized stub is decreased by its conductor loss. The

receiving, can be left out. fabricated and measured quasi-lumped stubs are modified to
minimize the insertion-loss gfgy instead of2 f1.o, when fir
Iil. MMIC D EsiGN is set to 1.0 GHz. The figure clearly shows that the quasi-

Fig. 2 shows the circuit diagram of the SHP mixer incorpdumpedAr,o /4 open stub is compact and effectively suppresses
rating the SSB mixer MMIC. The mixer has an IF low-paskO leakage with low insertion loss at RF frequencies.
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Fig. 6. Frequency response of quasi-lumped, /4 short stub.

Fig. 8. Photograph of the fabricated SSB SHP mixer chip.

On the other hand, th& o /4 short stub should be simulta-
neously “open” atfro, and “short” atfrr (= 2fLo + fir =

2fLo)- And, for the SHP mixer, to effectively convert the

the suppression afgr instead of2f1o, when fir is set to
“l._6 GHz. The quasi-lumpeal,o /4 short stub is compact and

IF signal from/to the RF, this stub should be grounded at . . . )
'9 1S s " grou effectively suppresses RF leakage with low-insertion loss at

frequency. As shown in Fig. 5, the quasi-lumpeg, /4 short .
: i LO frequencies.

stub consists of two transmission lin€s,and>, and a shunt The circuit di ¢ the SSB SHP mi MMIC |

capacitor at the point of connection between the two lines. In € circuit diagram ot the mixer IS

the figure,Z; and Z, are line impedances, arfd andé, are srown tm flg. 7'kTh.f W|Ik|nson d|V|tde_|[hcorlisolsts of Iug]lp%d
electrical lengths of/} and7; at f1.o. In aid of shorting the elements o make 1ts sizé compact. 1he power diviaer

Ao /4 stub, the limit of8; andé, is setto(0 < 6y, 6, < 7 /4). ‘\’/Vv'tlrlla phaj.e.jh'ft Oﬁéf_g‘d'a?s " relf";fed W'thl.f‘ ('j“mpeg
The capacitance’;, andf; are determined as follows: tikinson divider an NEWork. as ampiitude an

phase imbalance for the wide bandwidth, though the amplitude

tanfy = aff — 232 = 3 imbalance of LO power has little effect on the performance
o 1 1 St of the SSB mixer.
= - fta
27rfLO . Z2 <tan 92 / an 1)
1+ 3tan26, IV. EXPERIMENTAL RESULTS
&= < 2 tan 6 ) Fig. 8 shows a photograph of the SSB SHP mixer chip
Zo fabricated with the 0.3im GaAs MESFET process. By using
B=— (2)  a uniplanar structure [6] and size reduction technique as de-

2 scribed above, th& -band mixer is integrated into a small area
These equations are valid under the conditions describgd] 8 mm x 1.3 mm. Each diode is realized by connecting
below: source and drain of the FET, which has a gate width of.60

af > 2 Fig. 9 shows the measured frequency response of the unit
mixer for up-conversion. IF is fixed at 1.6 GHz and the input

Fig. 6 shows the measured frequency response of the stpmtver level is—10.5 dBm. For USB, conversion gain of
stub designed foff; o = 13 GHz. The calculated characteris—12.4 + 0.7 dB is obtained for LO frequencies from 10.0
tics of the full-sizedAro /4 short stub on the GaAs substratéo 15.6 GHz. The difference between USB and LSB at lower
are also shown in Fig. 6. In the figurél is the width of LO frequencies is mainly influenced by the RF high-pass
the transmission line. The suppression2gt. of the full- filter. Fig. 10 shows the dependence of the conversion gain
sized stub is decreased by its conductor loss. The fabricatdwracteristics on LO input power. The frequency is fixed at
and measured quasi-lumped stub are modified to maximiz&.8 GHz for LO and 1.6 GHz for IF. Conversion gain nearly
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LO [GHZ] than 16 dB for LO frequencies from 10.0 to 14.6 GHz. In
Fig. 11. Frequency response of the SSB mixer, for up-conversion. this band, it is considered that the difference in conversion

gain from the results of the unit mixer is caused by the SSB
saturates for LO input power from 6 dBm to 10 dBm. It ig‘nixer configuration. The proposed SSB mixer configuration
orks well because the decrease of average conversion gain

confirmed that, at a suitable LO input power level, conversid_’ﬁ

gain is stable with slight variation in LO power. ThereforelS estimated to be only 0.55(12.9 — 12.4) dB. The second

the amplitude imbalance caused by the LO divider of the S$Hrmonic component of LO (2LO) is well suppressed as shown

mixer will be relaxed by the LO power characteristics of th#! Fig. 11.
unit mixer. Fig. 12 shows the dependence of the conversion gain char-

Measured frequency response of the proposed SSB S#peristics on LO input power of the SSB mixer. The frequency
mixer for up-conversion is shown in Fig. 11. IF is fixed ais fixed at 11.8 GHz for LO and 1.6 GHz for IF. Conversion
1.6 GHz and the input power level is10.5 dBm. Conversion gain nearly saturates for LO input power from 10 to 13
gain is—12.9+ 1.1 dB and image-rejection ratio is greatedBm. Fig. 13 shows input/output characteristics at an LO input
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Fig. 15. Frequency response for down-conversion. [5]
power of 11 dBm. The 1-dB compression of the conversio 5

gain is achieved with an IF input power of 3 dBm. IF frequenc
characteristics with LO frequency fixed at 11.8 GHz are shown
in Fig. 14. The RF outputs of desired USB signals are nearly
flat, but images vary with IF frequency. The IF frequency
response of the SSB mixer MMIC is expected to be flat for
variable IF, so it is considered that the image variation is
caused by imbalance of the IF circuit outside the MMIC.
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