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Abstract 
Most commercially available, high linearity double balanced mixers adopt a quad diode ring topology. 

This is an excellent choice with many performance advantages. However, a star topology is 

functionally equivalent but offers a significant advantage in having inherently lower IF parasitics. This 

allows the realisation of mixers with much wider IF bandwidth, extending up into the RF and LO 

frequency bands. This paper describes the realisation of typical quad ring diode mixers and presents 

a practical example designed by PRFI. It then compares the achievable performance of a quad ring 

mixer to a star mixer, realised on the same process and targeting the same operating band. 

Introduction 
At Microwave and mmWave frequencies the most common form of a double-balanced diode-based 

mixer is the Quad Ring Mixer (QRM). This circuit consists of a ring of four diodes and two transformers, 

as shown in its simplest form in Figure 1 [1]. One of the transformers needs to be centre-tapped to 

allow extraction (or input, in upconvert) of the Intermediate frequency (IF). With practical Monolithic 

Integrated Circuit implementations, magnetics based or wire-wound transformers cannot be used. 

The transformers are typically replaced by planar transformer baluns [2]. The Star mixer differs from 

the QRM in that the four diodes are utilised in a star or cross configuration as shown in Figure 2. Two 

baluns are still required for the input of the Local Oscillator (LO) and the input (or output) of the RF 

signal. The main difference is that the common point of the star is a perfect virtual earth to both the 

LO and RF frequencies. This means the IF can be extracted directly from this point [3]. 

 

Figure 1: A double-balanced, diode based, quad ring mixer 
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Figure 2: Star mixer configuration 

 

Circuit Design  

Quad Ring Mixer 

A photograph of an example QRM MMIC design from PRFI is shown in Figure 3 [4]. Here the baluns 

are planar transformer designs based on the Marchand Balun. The concept of the Marchand Balun is 

shown in its simplest form in Figure 4. Each of the four transmission lines are /4 in length at the 

centre frequency of operation [5]. A more complex form, better suited to monolithic realisation, is 

shown in Figure 5. In this case the secondary ‘winding’ is formed of two coupled lines. A centre-tapped 

version of the Marchand Balun can be formed by AC coupling the secondary ground to form a 

convenient tap-off point, as shown in Figure 6. The conventional Marchand Balun and the centre-

tapped version can be wrapped into planar transformer versions as shown in Figure 7 [6]. This was the 

approach used for the mixer in Figure 3. 

 

Figure 3: MMIC QRM example 
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Figure 4: Simple Marchand balun 

 

 

Figure 5: Three-line Marchand balun 

 

 

Figure 6: Centre-tapped version of the planar Marchand balun 
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Figure 7: Planar transformer versions of the Marchand balun:  
(a) 3-port; (b) centre-tapped 

 

Thus, the simplified schematic for the QRM using Planar Marchand baluns is given in Figure 8. 

 

 

Figure 8: Schematic of QRM using Marchand baluns 
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Star Mixer 

At first glance the transformer arrangement of the Star mixer shown in Figure 2 can appear daunting 

compared to that of the more conventional QRM. In reality there is an elegant solution in that two 

crossed Marchand baluns can be used [7]. This is illustrated in Figure 9 

 

 

Figure 9: Practical MMIC implementation of the Star mixer using two Crossed Marchand baluns 

 

Comparison of the QRM and Star Mixer 
The two MMIC mixer designs were compared using the Harmonic Balance simulator within Keysight 

ADS. A commercially available GaAs HBT process from WIN Semiconductor was used, with Schottky 

diodes being used for the mixer elements. For the QRM mixer a planar Marchand balun and a centre-

tapped version were adopted. The designs covered an approximate RF range of 6 to 20GHz. For the 

Star Mixer, two standard 3-line Marchand baluns were EM simulated in the crossed configuration of 

Figure 9. The nominal design range of the crossed Marchand baluns was again 6 to 20GHz. The same 

size diodes were used in both designs. 

Several important mixer parameters where then analysed and compared. In all the following plots the 

Star mixer result is shown in RED and the QRM in BLUE. The first comparison (shown in Figure 10) is 

conversion gain vs. RF input frequency in Downconvert mode. In this particular simulation the LO input 

power is +15dBm and the IF output is fixed at 30MHz. It is clear from this plot that the QRM performs 

well over the full range of the baluns, i.e., 6 to 20GHz. The Star mixer, however, has a slightly reduced 

frequency range operating well across about an octave bandwidth. However, an important 

performance metric to note is that over the 9 to 17GHz band the Star mixer has approximately 2dB 

less conversion loss than the QRM. 
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Figure 10: Comparison of conversion gain with RF input frequency 

When comparing the conversion loss against IF (output) frequency the major advantage of the Star 

mixer configuration is revealed. Figure 11 shows conversion gain vs. IF output frequency. In this case 

the LO is fixed at 8GHz (+15dBm), and the varying RF input frequency is LO+IF. The practical maximum 

IF in the QRM case is of the order of 6GHz, which is at the bottom end of the RF and LO bands. The 

Star mixer consistently has 2dB less loss over this range, but also continues operating up to around 

11GHz well into the RF and LO operating bands. 

 

Figure 11: Comparison of Conversion Gain with IF output frequency:  
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Next, the power compression performance of the two mixers is considered. Figure 12 compares the 

1dB compression point of the two mixers. Note, the input referred compression point is plotted, which 

is the commonly specified parameter for passive mixers, or indeed, any component with loss. At the 

two extremes of the Star mixer’s band (9 and 18GHz) the values are roughly equal. In band the QRM 

is consistently 2dB higher. This is mainly due to the 2dB extra conversion loss of the QRM. The output 

referred 1dB compression point is actually higher in the Star mixer by 1 to 2 dB.  Figure 13 compares 

the linearity of the two mixers in the form of the input referred third order intercept point (IIP3). Here 

the two mixer types offer comparable performance although because of its lower conversion loss the 

star mixer would offer higher output referred IP3. 

 

Figure 12: Comparison of P-1dB (input referred) with RF input frequency 
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Figure 13: Comparison of IP3 (input referred) with RF input frequency 

 

The isolation of the LO input signal to the IF output port is compared in Figure 14. Here the QRM is 

better, although the Star mixer performance is still respectable at ≥30dB. The superior LO to IF 

isolation of the QRM is due to the physical separation of the LO balun from the RF/IF centre-tapped 

balun (see Figure 8).  

 

The isolation of the RF input signal to the IF output signal is simulated in Figure 15. The QRM 

performance here is very poor. This is mainly due to the capacitor used to provide the RF short at the 

centre-tapped Marchand balun, shown in Figure 6. The capacitance needs to provide a good RF short 

circuit over the 6 to 20 GHz range. However, this means that as the IF frequency approaches 6GHz it 

will also see a low impedance path to ground. A compromise value of capacitance must therefore be 

selected, which limits the RF to IF isolation that can be obtained. One possible solution to this issue is 

to provide additional low-pass filtering at the IF output port to eliminate RF (and LO) breakthrough 

but this occupies die area and adds insertion loss. The beauty of the Star mixer is that this is not 

required – the IF port of the star mixer is a virtual earth and is inherently RF grounded without any 

associated low impedance path for the IF. 
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Figure 14: Comparison of LO-to-IF Isolation with RF input frequency 

 

 

Figure 15: Comparison of RF-to-IF Isolation with RF input frequency 
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Conclusions 
This paper has compared simulations of a previously fabricated double-balanced QRM to those of an 

equivalent Star mixer. The advantages of the Star mixer are greater IF bandwidth, lower conversion 

loss and much improved RF to IF isolation. These performance advantages are primarily due to the 

lower IF parasitics of the star topology. The main disadvantage of the Star configuration is that the 

bandwidth is limited to approximately one octave, whereas the equivalent QRM design can provide 

an RF bandwidth of some 3.6:1 
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