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Design and Performance analysis
of 60 GHz GaAs Mixer
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ABSTRACT

Thispaper presentsamixer using the GaAsFET technology. The proposed Mixer empl oysa Distributed Amplifier
follow by the LPF. The T-network actsas a L PF for the RF/LO-to-1F i solation and extractsthe | F signal.Using the
distributed amplifier technique, the proposed Mixer offers significant advantages, such ashigh port-to-port isol ation,
minimum noise figure and good conversion Gain. The mixer has the Conversion Gain at 3 GHz is 28.915, good
local oscillation LO-to-RF isolation, RF-to-1F isolation islessthan -40 dB and achieve minimum noise figure of
3.283 at 60 GHz freguency.
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1. INTRODUCTION

In order to the high-performance low-cost low power millimeter-wave technology, many state-of-the-art
60-GHz transceivers focused on wireless personal area network(WPAN),short-range communication has
been reported [1]-{5]. The mixer is an important component of the transceiver because it converts signals
from one frequency to another. RF mixing permits signals to be converted into different frequencies and
thereby allow signals to be processed more effectively. An idealized mixer is shown in Figure 1.

Form Input sidewe provide RF Signal f__, mixeswitha L O signals at afrequency f, , and at output side
produces | F signal that consists of the sum and difference frequencies, f__+ f .. When the sum frequency is
used at the IF, the mixer is called an up-converter; basically it is used in Transmitter. When the difference
isused at IF, the mixer is called a down-converter, which is used in Receiver. In a receiver, whenthe LO
frequency is below to the RF frequency, it is called low-side injection and the mixer is a low-side down-
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Figure 1: Mixing Process

* E.C.E. Dept., SRM University, Chennai, India, Email: stiwari65@gmail.com
**  E.C.E. Dept., SRM University, Chennai, India, Email: manjula.j@ktr.srmuniv.ac.in
*** E.C.E. Dept., SRM University, Chennai, India, Email: sonamtiwari1207@gmail.com



7538 Sourabh Tiwari, J. Manjula and Sonam Tiwari

converter; when the LO frequency is above the RF frequency, it is called high-side injection, and the mixer
a high-side down-converter.

The passive mixers and active mixers provide high conversion gain, small chip area, and minimum
noise figure [6]-[7]. However, active mixers aso have some disadvantages, namely, high dc power
consumption and low linearity. Using anit-parallel diode pair (APDP) with passive SHMs provides several
advantages, such as suppressing any even harmonics of RF signals and eliminate dc power [8]-{10], but
they occupies alarge chip area. Many topologies have been proposed to achieve broadband operation [9]—
[11], but these topologies do not provide high isolation levels between ports. If the isolation between the
LO and RF portsisn’t huge enough, then some connection is created between the LO and RF port and LO
signal will leak through the RF port, thereby its reduces the dynamic range of the pre-stage amplifier in the
receiver. Therefore, it isimportant to maintain the good L O-to-RF isolation and low leakage between LO
and RF port.

The active distributed amplifiers [12]{17] possess several benefits, such as broadband, good gain
flatness, and good insertion gain, which are very suitable for broadband and good port-to-port isolation.
The two-stage distributed mixer has wide bandwidthoperation, but it has demerit of high conversion gain
or loss[13].

In this paper, anovel Mixer using a distributed amplifier implemented by the GaAs FET technology for
RF front-end applicationis presented. Inacommon source FET distributed amplifier, an artificia transmission
line is constructed out of the gate - source side the gate line. Another artificial transmission structure is
drain - source side — the drain line. If the artificial transmission structures are identical, a wave are often
launched on the gate line and be coherently amplified onto the drain line.

The GaAs FET is used mainly for high performance in microwave applications. The GaAs FET
semiconductor technology provides higher electron mobility, and the semi-insulating substrate provides
lower levels of stray capacitance. This combination makes the GaAs FET ideal for an RF amplifier. Thus
GaAs FET technology can be used for amplification in RF front-end which can operate between 50 to
60GHz.[19]

Thispaper isorganized asfollows. Section |1 cover the design issue for gain and Bandwidth of proposed
Design, Section |11 show the proposed design of Mixer. Section 1V Result and Discussion and Finally,
Section |1V has the conclusion of this paper.

2. DESIGN CONSIDERATIONS FOR GAIN AND BANDWIDTH

From the RF point of view, one of the major problemsin broadband amplifier designis parasitic Capacitance.
The designislimited by the gate—source and drain—source capacitances of the FETs. The distributed amplifiers
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Figure 2: Simplified small-signal model of distributed amplifier. (a) Input, (b) Output.[18]
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will smply overcome the matter of parasitic and achieves a broadband. The seriesinductor Lg/2 (gate line)
and Ld/2 (drain line) combine with parasitic capacitance (Cgs & Cds) and create artificial transmission line
ingate side and drain side. Small signal circuit of distributed FET isshownin Fig. 2(a) and (b), respectively
[18].

In order to match the phase shift of the gate line and drain line while the impedance of 50 ohms, we
must have gate source parasitic capacitance Cgs and drain source parasitic capacitance Cds should be
equal, Basically the Cdsis much smaller ascompareto Cgs. Inorder to achieve thisassumption the distributed
amplifier must be designed to equalize the phase of the gate line and drain line to increase the signal
amplitude at the output side. In this paper, 3- stages cascade GaAs FET distributed amplifier isfollowed by
LPF to achieve good conversion Gain and good port-to-port isolation. The T-network (combination of
inductor and capacitor) acts as alow-pass filter for the RF/LO-to-IF isolations and extracts the | F signal.

Intheideal case, adding a more stages should increase the gain, but in practice adding more stages will
decrease the gain of amplifier due to increase the gate and drain line losses. The input source Resistance Ri
decreases the amplitude of the signal whose transport through gate line, and drain-source resistance R
decreases the amplitude of the signal transport through the drain line. Therefore, adding more stages to the
input signal makes it weak also it decreases thegain and amplitude of the signal.

The analysis presented in the term of the gate and drain line angular frequency. oy and o, are intrinsic
cutoff frequencies of gate and drain side, respectively. o_is cutoff frequency of circuit. The Gate line loss

Agig17].

(mclwg)(m/mc)z

A Jl—[l—(mclwg)z(w/wc)z] (@

And the loss in drain-line, A , is given by

0, /o
AH — d C

—(0/o,) )
oc = 2/4/(LgCgs ) = 2/+/(LdCds), now if we increase the stage of distributed amplifier, amplitude will be

decreased. Theinput and drain line losses generally decrease the gain. The gain of the distributed amplifier
isfound to be [16]

_ gmrz? [exp(—Ag N ) —exp(-AN )]2

G 2
4(A, - A)
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3. PROPOSED DESIGN

The mixing is performed between the RF signal and the LO signal. Consequently, it is difficult to
combine the RF signal to LO signal. Maintaining a good LO-to-RF isolation is important to reduce high-
power level leakage fromthe LO port to the RF port. The propose circuit consist 3 stage cascaded distributed
amplifier, low-pass filter. The schematic of distributed amplifier is shows in Fig 3.

The distributed amplifier is used to enhance the RF signal amplitude for the proposed Mixer. The LO
signal isnot transferred fromthe L O port to the RF port because the unidirectional property of the distributed
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Figure 3: Schematic of Distributed amplifier
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Figure 4: schematic of Mixer

amplifier. Therefore, the distributed amplifier not only provides the Good bandwidth, but also good
conversion lossand good port-to-port isolation. Fig 4 show the full schematic of Mixer, distributed amplifier

follow low pass filter.

4. SIMULATION RESULT
The designed circuit’s schematic of Fig 3 and 4 is Smulated and analyzed using ADS software.

4.1. Distributed Amplifier

Figure 3 represent the schematic of distributed amplifier, whose response can be seen in Fig. 5 where we
can see Input reflection coefficient or returnloss S | isless than -10dB for better input impedance matching
and the figure 6 shows the forward transfer gain S, of Distributed Amplifier which is above 10dB. The S |

measured has a-13.510 dB & Transfer Gain (S,) measured has an 11.536 at 60GHz.
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Figure 5: Digtributed Amplifier Response (S,)
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Figure 7: Noise Figure of Distributed Amplifier
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Noise figure of the proposed Distributed Amplifier can be illustrated in the below Fig 7. It shows a
minimum Noise Figure of 0.900dB at 60 GHz frequency.

4.2. Mixer
In the Proposed Mixer RF frequency is given as 60 GHz, LO provide frequency of 57 GHz at port 2 and IF
frequency is calculated in port 3 at 3 GHz of frequency.

The schematic of Proposed Mixer is shown in Fig. 4. The harmonic response of the Mixer can be seen
inthe below Fig.8 where the fundamental harmonic can be observed at 60GHz, 2"& 3“observed in 120GHz
and 180GHz respectively. Figure 9 show the harmonic Response at 3 GHzin IF Port. 2™& 3"observed in
4GHz and 5GHz respectively.

4.2.1. Conversion Gain or loss

Conversion Gain: Ratio of voltage (power) at output frequency to input voltage (power) at input frequency
(IF power / RF power) S, . The response of Conversion Gain isillustrated in fig 10 @ 3 GHz frequency.
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Figure 8: Harmonic Response of Mixer (@ 60 GH2)
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Figure 9: Harmonic Response of Mixer (@ 3 GH2)
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Transient Response of IF of Mixer at 3 GHz shown in Fig 11. Using time period of the peak to peak
value we calculate the frequency of the Mixer. Time period T is:
T=1f
F=1/536.3-199.4 = 3 GHz

4.2.2. Port-to-Port | solation

In amixer, the RF and LO signals would not be present at the IF port, and no back flow occur between RF
and LO port In this paper we choose RF as port 1, LO as Port 2 and |IF as port 3, by using S parameter
method | calculated required port-to-port isolation. There aretwo important isolationsto consider: RFto | F

(S13) & RFto LO (S12)
The Response of RF to IF and RF to LO isolation has been shown in Fig 12 and 13, respectively.
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Figure 13: RF-to-LO isolation
Noise Figure

In the Proposed Mixer RF frequency is given as 60 GHz and LO frequency is 57 GHz and IF frequency is
calculated at 3 GHz. Noise figure of the proposed Mixer can be illustrated in the below Fig 14. It shows a
minimum Noise Figure of 3.283 at 60 GHz RF frequency & 2.291 at 3 GHz |F frequencies.

4.2.3. Linearity

The linearity of the Proposed Cascaded mixer can be illustrated in the below Fig.15, where the 1dB output
power and 3db output power meets at the Intercept Point (IP3).

4.2.4. Performance Parameter of Mixer

The parameters such as Conversion gain S, , RF-to-LO isolation S, RF-to-IF isolation S , linearity and
noise figure of proposed Mixer is shown with the standard simulated value of Mixer i.ein reference [5] is
given in Table 1.
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Figure 15: 3-dB compression Paint (11P3) of proposed Mixer
Tablel
M easured per formance outline of the Mixer
Parameter Proposed Mixer Reference[ 5]
S, (Conversion Gain) 28.915dB 7-10dB
S,,(RF-to-LOisolation) -135.94dB <-350B
S,;(RF-to-IF isolation) -114.30dB <-30dB
Min. NoiseFig 3.283dB <12dB
linearity ~38 -
Technol ogy GaAs FET SiGeBiCMOS
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5. CONCLUSION

A compact 60 GHz Mixerdemonstrated in GaAsBased EE_FET Technology. The chosen GaAsbased EE_FET
Digtributed Amplifier gives wide bandwidth performance, good port-to-port isolation and high conversion
gain. Based on Measured Result Mixer provide high conversion gain as28.915 at 3 GHz, excellent RF-to-LO
isolation as-135.940 and RF-to-1 Fisolation -114.306 with minimum noise figure of 3.283 at 60GHz. Therefore,
the proposed Mixer with distributed amplifier is very suitable for RF front-end applications.
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