A 38-48-GHz Miniature MMIC Subharmonic Mixer
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Abstract — a 38-48-GHz miniature sub-harmonically
pumped mixer has been developed using GaAs 0.15-pm
PHEMT technology. An anti-parallel diodes pair is used for
frequency conversion with a low LO input power. Quasi-
lumped matching topology is employed to minimize the chip
size and cost. The mixer is fabricated in chip size 0.85%< 0.85
mm?, and exhibit 12-15-dB up-conversion loss and 11-16-dB
down-conversion loss with 10 dBm LO power.

[. INTRODUCTION

For years, millimeter-wave equipments and circuits
have been studied and |utilized for satellite
communication  systems and  high-speed data
communication systems [1]. In these systems, reduction
of cost and power consumption is much desired.

Mixers play a key role in the communication
systems. They provide primary frequency conversion
from radio-frequency band to intermediate-frequency
band in all sorts of transceivers. Passive mixers have zero
DC power consumption, which include diode mixers and
resistive mixers [2], [3]. Anti-parallel and ring-quad
topologies [4]-[6] have been used most commonly for
diode mixers, especially for sub-harmonically pumped
mixer.

Subharmonic mixers offer an alternative to
fundamental mixers in that LO frequency is at half of the
fundamental LO frequency. Due to the use of a LO at
relatively low frequency, the output power and phase
noise performance may be superior to the fundamental
LO source. Moreover, the subharmonic mixers have
better LO to RF isolation than that of the fundamental
ones.

So far, the fabricated mixers can operate at very broad
frequency ranges with good conversion loss; however,
they either occupy large chip area or require large LO
input power [4]-[9]. In [10], a quasi-lumped matching
topology is used to reduce the size of quarter-wavelength
open/short stub for uniplanar design in microwave
frequencies. In this paper, we apply the quasi-lumped
topology to millimeter-wave frequencies, and use
microstrip lines for miniature circuit implementations.
Adopting anti-parallel diode pair lower the LO input
power requirements. Furthermore, it requires no dc
power, and can be used for both up- and down-
conversion.

II. TECHNOLODGY

This circuit was fabricated with 0.15-um GaAs HEMT
MMIC process on 100-um GaAs substrate provided by
WIN Semiconductors. The unit current gain frequency
(fr) of the device is about 85 GHz, and the maximum
oscillation frequency (fmax) is over 200 GHz. Typical
breakdown voltage is 10V and the peak of
transconductance (Gm) is 495 mS/mm. Other passive
components such as thin-film resistors, MIM capacitors,
spiral inductors, and air-bridges are available. The 6”
wafer is thinned down to 4-mil for the gold plating of the
backside, and slot via holes are used for dc grounding

[11].

II1. CIRCUIT DESIGN

The schematic of the mixer is shown in Fig.1. The
anti-parallel pair is chosen as the mixing core and each
diode has total gate width 30 um (2f15). A couple-line
RF bandpass filter is utilized to avoid noise at RF port
and increase isolation among RF-LO and RF-IF. Besides,
there are three stubs used for isolation consideration:
ALo/4 open stub and A /4 short stub isolate RF port
from LO port , while A re/4 open stub isolate IF port from
RF.

However, the quarter-wave transmission lines are too
long and occupy too much area. By applying quasi-
lumped method, each stub is shortened. Quasi-lumped
ones, as shown in Fig.2, replace the AL o/4 and Agg/4 open
stubs. The capacitances, C1 and C2, and electrical length
6 of the quasi-lumped open stub are determined in [10].
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Fig. 1. Schematic of the subharmonic mixer.



IC2

— 2,0

ICI

(a) (b)
Fig. 2. (a) A/4 open stub (b) quasi-lumped A/4 open stub

On the other hand, the quasi-lumped short stub is
substituted for A o/4 short stub, as shown in Fig. 3. The
capacitance Cs, and electrical length @1 , 62 are
determined in [10]. Consequently, the chip size is
reduced to 0.85x0.85 mm® as shown in Fig.4. All the
simulations are based on AWR’s [12] Microwave Office
software and Sonnet Software [13].
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Fig. 4. Photograph of the SHP mixer chip.

IV. MEASURED PERFORMANCE

The mixer was measured with on-wafer probing. We
used Agilent E§247C PSG as a local oscillator (LO),
another Agilent E8247C PSG as a baseband to
intermediate frequency (IF) signal generator, and Agilent
E4448A PSA as the spectrum analyzer. The measurement
setup is shown in Fig. 5.

All connections to the chip are made using coplanar
probes. The RF is applied through a W-band air coplanar
probe with 1.2-dB loss, and the intermediate frequency
(IF) is extracted using a 0-50GHz coplanar probe, which
has 1-dB loss.
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Fig. 5. measurement setup for the mixer in millimeter
wave frequency.

Measured up-conversion and down-conversion
characteristics are plotted in Fig.6 through Fig.10.

To get best conversion loss, as shown in Fig. 6, a LO
drive power of 10 dBm was used for the measurements.
While the IF frequency is swept from 0 to 10GHz, the
mixer exhibits an up-conversion loss of 12 to 15 dB in
Fig. 6, the LO-to-RF and 2LO-to-RF isolation is more
than 29dB in Fig. 7.

Additionally, the mixer also presents a down-
conversion loss of 11-16dB in Fig. 8, the LO-to-IF
isolation is more than 17 dB, and the 2LO-to-IF isolation
is better than 55 dB in Fig. 9, as RF frequency is swept
from 38 to 48 GHz.
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Fig. 6. LO power versus conversion loss.
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Fig. 7. Up-conversion loss of the SHP mixer.
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Fig. 8. LO-RF isolation of the SHP mixer.
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Fig. 9. Down-conversion loss of the SHP mixer.
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Fig. 10. LO-IF isolation of the SHP mixer.

V. CONCLUSION

This paper presents a 38-48-GHz miniature sub-
harmonically pumped mixer with low LO input power,
10dBm.The mixer exhibits an up-conversion loss of 12 to
15dB, and the LO-to-RF isolation is more than 29dB;
besides, the down-conversion loss is 11-16dB, and the
LO-to-IF isolation is more than 17dB. In addition, the
quasi-lumped topology minimizes the chip size and cost.
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Reference Technology RF(GHz) | CL(dB) LO (dBm) Chip size(mmz) Mixing type
[4] GaAs HEMT 24-44 13-16 16 1.2mm X 2.9mm Subharmonic
Anti-parallel
[5] InP HEMT 30-45 10-14 4 2mm X 2mm Fundamental,
Ring-quad
[6] GaAs PHEMT 18-45 10-12 17 0.96mm X 0.76mm Subharmonic
Ring-quad
[7] GaAs 7.5-46 6-10 12 6.35mm X 5.08mm Fundamental
Rat-race ring
[8] GaAs pHEMT 33-42 10-13 2 0.81mm X 1.34mm Sub-harmonic
[9] GaAs 25-40 14 10-16 0.73x 0.95mm? Subharmonic
Ring-quad
This work GaAs PHEMT 38-48 12-15 10 0.85mm X 0.85mm Subharmonic
Anti-parallel
TABLE 1

COMPARISON OF REPORTED DIODE MIXERS





