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Ka/Q-Band Doubly Balanced MMIC Mixers with
Low LO Power
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Abstract—An InP-based broadband double-balanced mixer was 10" 10°
developed having interchangeable RF/LO-ports and covering fre- .
quencies from 30 to 45 GHz, with a conversion loss df2 + 2 dB 10" 4

at the low LO power of 4 dBm. This broadband characteristic was

D
achieved through the use of side-coupled baluns for both the RF I 10° s 8
and LO ports. The ring quad-diodes used state-of-the-art super- = 4 10 %
lattice layers, which provided good control of turn-on voltage and g 10 > 3
were monolithically integrable with in-house HEMT'’s and HBT's. E BT - 107 o
The diodes exhibited a very low turn-on voltage of 0.15 V at 1 mA, o 10 3
low series resistance, and high cutoff frequencies. 108 L7 Current 10~
) " |—— Resistance| 1}
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|. INTRODUCTION Voltage (V)

HE recent technological advances of systems and comp#. 1. Schottky diode dc characteristics.
nents operating at Ka-band and above make it of great im-

portance for the deployment of satellite communication linkbey suffer from relatively high series resistance and poor fre-
[1], [2]. The increasing demand for higher frequencies and tilgqgiency response. For a typical InP-based Schottky diode (with
continuous requests for additional capacity necessitate theai-AllnAs barrier layer), the turn-on voltage is about 0.7 V. The
location of wider bandwidths to support the growing amoumnfuad-ring diodes used in this MMIC mixer design are InP-based
of data passing through the satellite payload. The trend of tl@shottky-barrier devices, which use the state-of-the-art design
rapid growth of high data rate service is bringing closer thef chirped super-lattice layers consisting of alternating InAlAs
commercial exploitation of EHF band for satellite communiand InGaAs [5]. These, in turn, provide the ease of control of
cation [3], which, in turn, will provide an increasing demandurn-on voltage and barrier height. The turn-on voltage of the
for Ka-to-Q band circuits and functional modules for the systiodes increases as the number of periods in the super-lattice is
tems. Among the many circuits, the mixers need to provide bdticreased. The diode used in this design has 3 periods of super-
the down-conversion for the receiver and up-conversion for thatice, and turn-on voltage of 0.15 V at 1 mA with junction area
transmitter of the payload. It is cost-effective if a broadbanaf 6 x 6 ,m?. The diode-model parameters were extracted using
MMIC mixer can facilitate dual band coverage with low powebroadbands-parameter measurements as well as dc character-
requirements within the bandwidth. ization. The series resistané®; and the intrinsic diode resis-

Accordingly, this paper describes the development of a broaence were determined by tdeV’ curve and the diode dc re-
band doubly balanced MMIC mixer covering from 30 to 45 GHsistance measurements as shown in Fig. 1. The diode’s parasitic
using side-coupled baluns [4] for RF and LO drives. The mixingnd bias-dependent intrinsic parameters were then obtained by
elements used graded Schottky diodes for low turn-on voltaditing the equivalent circuit to the measur8garameters from
The mixer achieved conversion loss of 12 dB at low LO powdr GHz to 60 GHz. The series resistanige for these diodes is
of 4 dBm. about 42, and the zero-voltage junction capacitance is about

0.05 pF. The cutoff frequency of the diodes is about 0.8 THz.
[I. DIODE QUAD

Most commercial Si-based Schottky diodes have low turn-on Il MIXER DESIGN

voltage ranges from 0.25 V te- 0.7 V at 1 mA; however, In this work we attempted to design a planar mixer with
wide, overlapping RF-and LO-bands, very low LO drive,
spurious-response rejection, and monolithic integration with
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Fig. 3. Measured performance of the wideband balun.
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Fig. 2. (a) Photograph of a Ka/Q band double-balanced mixer. (b) Equivalent 25 30 35 40 45
circuit of the mixer.

RF Frequency (GHz2)
each having quarter-wavelengths, were coupled to the open @
circuit transmission line at the first half and the second half, 0
respectively. The signals induced at the output ports of the 'i [~ |Lo @ 45 GHz, 4 dBm |

short- circuited lines were of equal amplitudes and opposite
phases. These baluns and the quad-ring diodes were connected
to form a complete double-balanced mixer. The IF signals were
extracted by simply shorting the ends of each two-wire pair
carrying the RF and LO signals at approximately one-quarter
wavelength of the highest operating frequency of 45 GHz.

14

Conversion Loss (dB)
>
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-16 |
Consequently, the resulting impedance seen at the diode was 18 L
high, but the IF signal was unaffected. In accord with potential 20 N N S I S I N
applications in some communication systems, instead of 0 2 4 6 8 10 12 14 16 18 20
grounding one of the IF ports gaining extra 3 dB, both IF ports IF Frequency (GHz)

were connected to 50-loads. Thus, the two IF outputs had ®)
the same magnitudes and opposite phases. The mixer was then _ _ _
fabricated on & sem-insulating LOgm-thick InP substrate. %% _ Cenverson oee of e dosble baanced mier &t feed LO pover of
Fig. 2(a) shows the photograph of this mixer, which has an area
of 2 x 2 mn?, and its equivalent circuit is shown in Fig. 2(b). .
the two output ports. It should be pointed out that the perfor-
mance of the balun, based on the analysis, is also valid above
60 GHz, however, due to the bandwidth limitation of our ana-
The wideband balun was evaluated using two-port on-waflgzer; the results could only be measured up to 60 GHz.
measurements with one of the output ports terminated witt 50- While one of the ports was terminated with a 8dead, the
loads. Fig. 3 shows a plot of the measured insertion loss of thenversion loss of the mixer was measured separately at output
baluns and the amplitude and the phase balances betweerpthnts IF1 or IF2 (as labeled in Fig. 2) as a function of the RF fre-
two output ports. Disregarding inherent split loss of 3 dB, thguency sweeping from 27 GHz to 44 GHz. The LO drive was
insertion loss was less than 2 dB from 30 GHz to 60 GHz; thedBm and fixed at 45 GHz. As shown in Fig. 4(a), the obtained
amplitude imbalance was less than 1 dB and the phase imlminversion loss wak2+2 dB within a RF bandwidth from 30 to
ance was less tharf 4rom the 180 phase difference between45 GHz. The 1 dB compression point of 1.4 dBm was measured.

IV. PERFORMANCE
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It is worth noticing that an additional 3 dB conversion loss imAdditional 3 dB improvement could be achieved if one of the
provement can be obtained if one of the IF ports was groundéf.ports was terminated with ground.

A similar conversion loss measurement for the up conversion

was taken on the same mixer. The RF signal sweeping from ACKNOWLEDGMENT
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version loss [shown in Fig. 4(b)] was about 13 dB from 1 GHz ~
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