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Abstract— A 4-10 GHz, on-chip balun based current com-
mutating mixer is proposed. Tunable resistive feedback is
used at the transconductance stage for wideband response,
and interlaced stacked transformer is adopted for good
balance of the balun. Measurement results show that a
conversion gain of 13.5 dB, an IIP3 of 4 dBm and a noise
figure of 14 dB are achieved with 5.6 mW power consumption
under 1.2 V supply. The simulated amplitude and phase
imbalance is within 0.9 dB and ±2◦ over the band.

Index Terms— Wideband mixer, on-chip balun, low power,
current-commutating mixer.

I. INTRODUCTION

A balun is desired to integrate into the double-balanced

mixer, as most LNA designs reported are single-ended.

One approach is to use an active balun such as the common

gate-common source (CG-CS) balun in the transconduc-

tance stage of the mixer, as proposed in [1]. However, this

method leads to higher power consumption. On the other

hand, passive on-chip baluns have been extensively used

due to its superior common mode rejection ratio (CMRR)

while consuming no power [2], [3].

In the former transformer-coupled mixer designs, the

transformer is usually operating in resonant mode [2], [4].

Although the high signal-to-noise ratio and current gain

can be achieved in this way, the operation bandwidth is

narrow. Thus, it is desired to design a transformer-coupled

mixer that works in wide band.

This paper presents a low-power, wideband, on-chip

balun based current commutating mixer with excellent

performance. A tunable resistive feedback at the transcon-

ductance stage is used for achieving wideband response.

A simple circuit model of the transformer is used in the

frequency response analysis.

II. MIXER DESIGN

As shown in Fig. 1, the proposed mixer is a folded

current commutating mixer with its transconductance stage

and the switching stage coupled by the balun T1. The

transconductance stage is built with a single-ended cascode

combined with a resistive feedback network. The switching

stage is fully differential, so is the IF load, which is made

of self-biased current source.
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Fig. 1. Proposed broadband mixer configuration.

Fig. 2. Stacked monolithic balun configurations.

The balun is implemented fully on chip in a standard

CMOS 1P8M process. As shown in Fig. 2, stacked struc-

ture is adopted for high coupling factor, i.e. the primary

spiral is built in the top metal layer and secondary spiral

in the second from the top layer. Fig. 3 demonstrates both

the top view and the side view of the balun. As can be

observed, the primary and the secondary spirals are both

octagonal and center-tapped symmetric, and the primary

and secondary windings are interlacing to decrease the

overlapping capacitance between the spirals. The turns
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Fig. 3. Top and side views of the balun
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Fig. 4. Simplified balun circuit model of one branch.

ratio is 4:2:2, and the diameters of the spirals are 170

μm.

The conversion gain of the current commutating mixer

can be generalized as

AV,mixer =
2

π
gmH(jω)ZL (1)

H(jω) stands for the portion of the RF current fed into the

switching stage, and it determines the frequency response

of the conversion gain. In this work, a wideband response

of H(jω) is obtained through elaborately designing the

network around the transformer.

Since the balun is fully symmetric, the same equivalent

circuit configurations are chosen for the noninverting and

inverting branches without losing accuracy. The equivalent

circuit is depicted in Fig. 4. In this circuit, Lm represents

the mutual inductance between the spirals while Lp−Lm

and Ls − Lm represent the leakage inductance of each

side, respectively. Cp and Cs represent the capacitance

at primary and secondary terminals. A Norton equivalent

circuit is used to represent the transconductance stage,

and Rl represent the input impedance of the switches. Cf

models the effect of the parasitic capacitors between the

two spirals. All the component values are identical for the

circuits of noninverting and inverting branches, except that

Cf is positive in the non-inverting branch and negative in

the inverting one.

In circuit, H(jω) of (1) is the transfer function from

current source Gm ∗ Vin to the current going through Rl.

In the following transfer function analysis, the effect of

Cf is ignored and will be discussed later when imbalance

of the balun is addressed.
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Fig. 5. Simulated frequency response with different Rf .

TABLE I

SPECIFICATIONS WITH DIFFERENT FEEDBACK RESISTORS

Rf (ohms) 200 120 80

Noise Figure (dB) 9.6 13.3 15.0

OIP3 (dBm) 15.5 18.3 20.5

The circuit in Fig. 4 are two resonators (Lp, Cp) and (Ls,

Cs) coupled by Lm. There are two peaks in the response,

and it’s the detach of the two peaks that forms the wide

passband. The position of the two peaks are given in (2)

[5].

ω1,2 =

√
(LpCp + LsCs)±

√
(LpCp − LsCs)2 + 4CpCsL2

m

2(LpLsCpCs − CpCsL2
m)

(2)

Through properly choosing Rgm and Rl, the Q of

the resonators are small so that a flat response over the

passband can be achieved. In the mixer design, Rl is

determined by the switch transistor size, and Rgm can be

tuned by the feedback resistor Rf . In this work, NMOS

of 16μm/0.12μm is used for the switch. With an LO

power of -5 dBm and the IF frequency kept at 110 MHz,

the frequency response of the mixer is simulated with

different Rf , as shown in Fig. 5. As can be observed,

proper switch size is chosen so that the second peak

located around 15 GHz is moderate. With the increase

of the feedback resistor, the first peak is flattened, and

up to 12 GHz bandwidth can be achieved. Meanwhile,

the peak gain drops because the effective transconductance

decreases with the increase of Rf .

The feedback resistance affects other performances of

the mixer, too. The OIP3 and noise figure at the peak

frequency with different feedback resistors are given in

Table I. The variation tendency of OIP3 and the noise fig-

ure accords to the prediction, as the feedback decreases the

effective transconductance while suppresses the distortion

of the input transistor. In this work, Rf of 120 ohms is
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Fig. 6. Magnitude response of the balun’s circuit model with
different Cf .

Fig. 7. The microphotograph of the chip.

chosen to trade some bandwidth for lower noise figure. As

shown in Fig. 5, although the passband of 4 GHz to 10

GHz is around the first peak, the existence of the second

peak prevents the response from rolling off drastically.

The balance of the balun is another important specifica-

tion. For a multifilament-transformer-based balun, imbal-

ances can originate from the parasitic capacitor between

the two overlapping spirals [6], which manifests itself as

Cf in the circuit model in Fig. 4. Due to the sign of the

transfer ratio, Cf is positive in the noninverting branch

and negative in the inverting one. The positive Cf adds

a notch in the frequency response of noninverting branch,

which is absent in its inverting counterpart. In this manner,

the frequency responses for the two branches are different

from each other, and imbalance is generated even though

the spirals are symmetric.

To verify this behavior, the transmission coefficient

of the equivalent circuit extracted from the balun are

simulated, as shown in Fig. 6. In the simulation, extra

Cf is added to the circuit to manifest its influence to the

frequency response. As can be observed, with the increase
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Fig. 8. Conversion gain, reflection coefficient and noise figure.
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Fig. 9. Simulated amplitude and phase imbalance.

of Cf , the notch frequency of the noninverting branch

decreases while the response of inverting branch does not

change much. Consequently, the balance between the two

branches tend to deteriorate. Thus, in order to improve the

balance, the stacked spirals are designed to interlace with

one another for the least overlapping, as can be observed

from both Fig. 2 and Fig. 3.

III. MEASUREMENT RESULTS

The mixer is fabricated in IBM’s CMOS 130μm tech-

nology and a photograph of the IC is shown in Fig. 7. It

occupies a die area of 800×920 μm2. The circuit consumes

only 5.6 mW of dc power from a 1.2 V voltage supply.

The mixer IC is measured directly on-wafer using 40

GHz coplanar waveguide (CPW) probes and dc probes. A

45 GHz Keysight spectrum analyzer (E4446A) with the NF

measurement personality software is used for gain, NF and

linearity measurements, and a 50 GHz Keysight network

analyzer (8510C) is used for input reflection coefficient

measurement. At the LO input, an external 180◦ hybrid is

necessary to provide differential signals from the single-
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ended source. And at the IF output, an off-chip differential-

to-single-ended buffer with a high input impedance and

unity voltage-gain is employed, too, for the convenience

of measurements.

Fig. 8 shows the measured conversion gain, DSB NF

and the reflection coefficient versus RF frequency. In these

measurements, the LO frequency is swept in tandem with

the RF frequency, keeping the IF frequency fixed at 110

MHz, and the LO power is fixed at -5 dBm. As can be

observed, the conversion gain reaches its peak of 13.5

dB at 6.5 GHz, and is 11.1 dB and 10.6 dB at 4 GHz

and 10 GHz, respectively, ensuring the gain drop less

than 3 dB across the band. The DSB NF curve has a

reciprocal shape compared to the conversion gain curve,

i.e. at the frequency where the peak gain is achieved, the

NF reaches the minimum value, while at two edges of

the band where conversion gain is lower, higher NF is

obtained. The minimum NF achieved is 14.06 dB at 6.5

GHz. Due to the resistive feedback at the transconductance

stage, the mixer also provides a good input matching to

50 ohms. VNA measurement result shows that S11 of the

chip is below -13 dB across the entire frequency range.

Both IIP3 and P1dB are measured to evaluate the

linearity performance of the mixer. The IIP3 is 3.98

dBm and input referred P1dB is -7.96 dBm. The good

linearity performance results from two aspects of the mixer

configuration. One is the large voltage headroom at mixer

output due to the folded structure, and the other one is

the distortion suppression of the resistive feedback in the

transconductance stage. In addition, simulation results in

Fig. 9 show that the amplitude and the phase imbalance

is within 0.9 dB and ±2◦, respectively, from 4 GHz to

10 GHz. The performance of this work is compared with

other mixers with on-chip balun in Table II.

IV. CONCLUSION

This paper presents a low-power, wideband, on-chip

balun based current commutating mixer. A tunable resis-

tive feedback is used at the transconductance stage for

wideband frequency response and input matching. The

measurement results show that 13.5 dB conversion gain

is achieved, with a high IIP3 of 4 dBm and noise figure of

14 dB. The amplitude and phase imbalance is within 0.9

dB and ±2◦.
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