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ABSTRACT

Broad-band monolithic diode mixers covering 17.5-33 GHz with different topologies are designed,
fabricated and tested. The topologies under investigation include the singly balanced mixer with 90°
and 180° coupler and the sub-harmonically pumped (SHP) mixer. These monolithic microwave
integrated circuits are fabricated using a 0.2-um pseudomorphic HEMT foundry process on a 4-mil
thick GaAs substrate, and thus the measurement results for each topology are evaluated on afair basis.
The SHP mixer, with a miniature size of 1.3 mm x 1.1 mm, demonstrates 10-12 dB conversion loss at
17.5-33 GHz of RF with 2.5-GHz IF and both LO-to-RF, LO-to-1F isolations of both better than 25 dB.
It outmatches the singly balanced approaches, as well as achieves rival performance compared with
previously reported results at similar frequencies.

INTRODUCTION

Future radio communication systems require low-cost and high-performance RF
components. In transmit/receive (T/R) modules, the mixers server core functions to convert
the high frequency signal to IF signal and vice versa. For a broadband application, balanced
diode mixer with a broadband coupler is a typical mixer topology to choose. Another
approach is sub-harmonically pumped (SHP) mixer with a pair of anti-parallel diodes[1]. On
the other hand, monolithic approach to implement a mixer has a number of advantages over
the hybrid one in high volume production. This paper presents three broad-band MMIC diode
mixers with different topologies from 17.5 to 33 GHz frequency range, including a singly
balanced (SB) mixer with 90° L ange coupler, another one with 180° modified rat-race coupler,
and a SHP mixer. These mixers are fabricated using a 0.2-um pseudomorphic HEMT
foundry process on a 4-mil thick GaAs substrate, and thus the measurement results for each
topology are evaluated on a fair basis. All three mixers have been tested for various
parameters and evaluated. The SHP mixer, with a miniature size of 1.3 mm x 1.1 mm,
demonstrates 10-12 dB conversion loss at 17.5-33 GHz of RF with 2.5-GHz IF and both LO-
to-RF, LO-to-IF isolations of both better than 25 dB and outmatches the singly balanced
approaches. The comparison of different diode mixer approaches, together with previoudy
published results, will be also presented in this paper.

CIRCUIT DESIGN

The MMIC mixers were fabricated using GaAs-based pseudormorphic HEMT (PHEMT)
MMIC process foundry service provided by Philips Microwave Limeil, France [2]. The
device is a 0.2-um gate-length low noise PHEMT with a unit current gain frequency (f,) of 53
GHz. The passive components include GaAs bulk resistor, MIM capacitor, and via hole
through 100-um GaAs substrate. The entire chip is also protected by silicon-nitride
passivation for reliability concern. The mixing diode is simply using the HEMT device with
drain and source connected together. All the three mixers utilize a common size of 4-finger
80-um gate width HEMT diode device with a cutoff frequency of 72 GHz. The individual
mixer designs are described as follows.

SHP Mixer. A SHP mixer using an anti-parallel diodes can reduce the number of
multipliersin the LO chain, requires no dc power, can be used for both frequency up and down
conversion and regject al even harmonics [1]. Fig. 1(a) shows the circuit diagram of the SHP
mixer. The circuit is designed to operate at RF frequencies of 17.5-33 GHz and IF frequencies
of 2.5-4 GHz using the second harmonic of the LO input signal. The mixing elements are a



pair of anti-parallel gate-HEMT Schottky diodes. The mixer uses a high-pass filter for RF
range of 15-40 GHz and eliminates unwanted LO harmonics from reaching the RF input port.
Two quasi-lumped quarter-wave short and open stubs are used to provide LO-to-RF isolation
and reduce the chip area, as well as increase the bandwidth similar to that reported in [3]. The
mixer also uses alow-pass filter in front of the IF port for RF- and L O-to-IF port isolation. The
chip photo is shown in Fig. 1(b), with achip size of 1.3 mmx 1.1 mm.

Sngly Balanced Mixers. The advantages and disadvantages of SB mixer are well
documented in [1],[5]. Fig. 2(a) shows the circuit diagram of both the singly balanced diode
mixer with 180° and 90° couplers. The major difference of the mixer using 180° and 90°
couplers is that the one with 180° coupler can be used for both frequency up and down
conversion, while the one with 90° coupler only for down conversion [4]. In addition, the one
with 180° coupler has better RF-to-IF isolation but worse return loss while the one with 90°
coupler has the opposite feature [5].

In the SB mixer with 180° coupler, the modified rat-race coupler is used for the coupler
instead of a conventional one for bandwidth concern [1],[6]. The three quarter-wave length
50- Q transmission line which serves as a half-wavel ength phase inverter in conventional rat-
race ring is replaced by a 50-Q Lange coupler in order to increase the hybrid bandwidth as
well as reduce the chip size. A simple T-impedance transformer is used for the diode
matching and alow pass filter islead from the center of the diode pair to IF port.

For the SB mixer with 90° coupler, the Lange coupler was selected for bandwidth and
simplicity. Similar matching technique and low-pass filter are implemented as the previous
one. The chip photos for both mixers with 180° and 90° couplers are shown in Fig. 2(b) and
2(c). Thechipsizesare2.1 mmx 2mm and 1.5 mm x 1 mm, respectively.

CIRCUIT MEASUREMENT

The mixers were measured via on wafer probing. The conversion loss and LO-to-IF, and
LO-to-RF isolations were evaluated for each mixer. For al the three mixers, IF signa
frequency is fixed at 2.5 GHz and the RF and LO input power level are —10 and 10 dBm
respectively. For the sub-harmonic mixer, the conversion loss and isolation were plotted in
Fig. 3(a). The conversion loss is about 10-12 dB and the LO-to-RF and LO-to-IF isolations
are greater than 25 dB. Since this SHP utilizes second harmonic of LO (LOx2), the LOx2-to-
RF and LOx2-to-IF isolations are more meaningful to investigate. The measured LOx2-RF
and LOx2-IF isolations are both greater than 50 dB. For the SB mixer with 180° coupler, the
conversion loss and L O-to-RF isolation were about 8-10 dB and 20 dB, as shown in Fig. 3(b).
For the SB mixer with 90° coupler, the conversion loss and L O-to-RF were about 6-8 dB and
10 dB, asshownin Fig. 3(c).

Table 1 summarized the performance of the three different mixers together with some
recently published diode SHP mixers [3],[7]. Apparently the SHP mixer outmatches the SB
mixer approach in LO-to-RF isolations, and chip size. The SB mixer with 180° coupler has a
higher conversion loss compared with the one with 90° coupler, with a better LO-to-RF
isolation but worse return loss, smaller bandwith, and a larger sizee Compared with
previoudy reported diode SHP mixer results [3], the SHP mixer in this paper has a better
conversion loss, wider bandwidth, and comparable isolation with a larger area than the unit
mixer in [3]. The conversion lossin [7] is alittle better with alower LO drive power due to
the freedom of hybrid approach to select proper mixing diode el ements.

SUMMARY
Three circuit topologies are evaluated for MMIC broadband diode mixers at 16.5-33 GHz.
The mixers are manufactured using commercial available MMIC foundry process and achieve
rival performance compared with previoudy reported results. Since the three MMIC mixer
chips are fabricated on a common GaAs substrate, the topology evaluation can be perform on
afair basis. Measurement results show that the SHP mixer outmatches the SB mixers.
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Figure Captions

Fig. 1. The (@) circuit schematic diagram and , (b) chip photo, chip sizeis 1.3 x 1.1 mm? of the MMIC
SHP diode mixer..

Fig. 2. (a) The block diagram of a SB diode mixer. The chip photo of (b) the SB mixer with modified
rat-ra;ce coupler, chip size is 2.1 x 2 mm? (c) SB mixer with Lange coupler, chip size is 1.5 x
Imm®,

Fig. 3 Measured conversion loss and isolation versus LO frequency of the three mixers: (a) SHP
mixer, (b) SB mixer with 180° coupler, and (c) SB mixer with 90° coupler. IF frequency is fixed at
2.5 GHz and RF and L O input power level are —10 and 10 dBm respectively for down conversion.

Tabel
Summary of the features for the three MMIC broadband mixers and previously reported SHP mixers.
Mixer Chip size | RF Freq. | Conversion |LO power Isolation
Topology| ~ eetures (mm) | (GHz) | Loss(dB) | (dBm) (dB) Ref
SHP MMIC, CPW,
mixer | gate HEMT diode 09x06 | 21.6-31 13-15 11 [3]
SHP Hybrid approach,
. commercial mixing 255-315 8-12 5 [7]
mixer :
diodes
LO-RF, LO-IF
SHP | MMIC microstrip, >25dB This
mixer |gate HEMT diodes 13x11}) 16533 1012 10 LOx2-RF, LOx2-IF | work
>50dB
180°SB | MMIC microstrip, LO-RF, LO-IF This
mixer | modified ratrace | 21X 20205255 812 10 >15dB work
S . . - - -
90_ SB | MMIC microstrip, 10x15| 20-31 6-8 10 LO-RF, LO-IF This
mixer Lange coupler >10dB work
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