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Abstract
This paper proposes a novel circuit configuration

of an even harmonic quadrature mixer (EHQMIX) for

direct conversion receivers. In this EHQMIX, a 90 degree

phase shifter consists of  balance type high pass and low

pass filters, and it does not require any circuits connecting

to the ground plane. So this configuration is suitable for

low cost monolithic IC without any via-holes, because

amplitude and phase imbalance can be reduced caused by

inductance included in wires and leads of a package for

circuits to the ground plane. A developed L-band MMIC

achieves good quadrature detecting characteristics.

Introduction
Direct conversion receivers, that convert RF

signal to baseband signal directly, are suitable for small

sized terminals[1]-[4]. In the direct conversion receivers,

detection is performed in a RF band quadrature mixer. So

dynamic range of receivers are not so much as that of

heterodyne receivers because of second order mixing

products, such as second order intermodulation(IM2) and

self detected LO noise. Furthermore, Amplitude and

phase imbalance causes degradation of receiving

characteristics.

We had proposed an even harmonic direct

conversion receiver(EH-DCR) using EHQMIX[5]. This

direct conversion receiver can suppress even harmonic

products caused in the quadrature mixer, and achieve as

much performance as that of the heterodyne receivers.

Also we had developed monolithic integrated EHQMIX

that suppress amplitude and phase imbalance caused by

interference between I and Q mixer, and insufficient

matching between a mixer and a 90 degree phase

shifter[6].

To get more accuracy, this paper proposes a

circuit configuration of an EHQMIX using a balance type

90 degree phase shifter for direct conversion receivers. In

this EHQMIX, a 90 degree phase shifter consists of

balance type high pass and low pass filters, and it does

not require any circuits connecting to the ground plane.

So amplitude and phase imbalance can be reduced caused

by inductance included in wires and leads of package

used for circuits connecting to the ground plane, and this

circuit topology is suitable for low cost monolithic IC

without any via-holes. A developed L-band MMIC size is

2.6 mm x 2.2 mm, and good characteristics are achieved

in 1.4 - 1.7 GHz.

Configuration
Figure 1 shows a configuration of the direct

conversion receiver with an EHQMIX[5][6]. This mixer

consists of two even harmonic mixer(EHMIX)s, 90

degree power divider (90˚ DIV) for RF signal (frf) and in-
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Fig.1 The configuration of even harmonic direct 
conversion receiver (EH-DCR).
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phase power divider (0˚ DIV) for LO (fp). RF signal

received at antenna is amplified in the low noise amplifier

(LNA), and mixed with a second harmonic component of

LO by the EHQMIX. I and Q baseband signals (|frf-2fp|)

produced at load resistance RLs are amplified by baseband

amplifies (BB-AMP). This circuit configuration with the

EHQMIX has the advantages of low second order

distortion and self detected LO noise.

Figure 2 shows a configuration of the proposed

EHQMIX. In the EHQMIX, 90˚ DIV consists of a out-

phase power divider (180˚ DIV) and two 0˚ DIVs, and the

90 degree phase shifter. This phase shifter is composed of

balance type high pass filter (HPF) and low pass filter

(LPF). This mixer has features as follows:

(1)wires and leads of package for circuits connecting to

the ground plane are not needed. So amplitude and

phase imbalance caused by inductance included in

wires and leads of package can be reduced.

(2)To isolate RF signal and LO, a balance mode mixer

topology and lumped elements stub circuits are used.

(3)Passive elements are used except diodes, so d.c.

power supply is not needed.

Figure 3 shows a relative phase of RF signal in

the 90˚ DIV using a balance type phase shifter. The input

RF signal is divided into two out-phase signals in the 180˚

DIV, and both signals are divided into two in-phase

signals in the two 0˚ DIV. So balance mode signals are

added to the HPF and LPF. These signals are varied +45

degree in the HPF and -45 degree in the LPF respectively,

so relative phase of RF signals added to I-EHMIX are 0

and 180 degree,  Q-EHMIX are 90 and 270 degree.

In the I- and Q-EHMIXs employing antiparallel

diode pairs[7], RF signals and second harmonic

component of LO are mixed. As shown in figure 4, stub
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Fig.2 The configuration of the EHQMIX using a 
balance type 90 degree phase shifter.
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Fig.3 A relative phase of RF signal in the 90˚ DIV 
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circuits using lumped elements operate as short circuit for

LO, and open circuit for RF signals relatively. Balance

mode RF signals added to EHMIXs and these stub

circuits realize isolation between RF signal and LO. I and

I baseband signals are outputted from I-EHMIX, and Q

and Q baseband signals are outputted from Q-EHMIX.

Experimental results
Figure 5 indicates a photograph of the developed

L-band monolithic EHQMIX. The size of the chip is 2.6

mm x 2.2 mm. To reduce a chip cost, via-holes are not

employed, and  pads on the MMIC are connected to the

ground plane with wires. Finger width of diodes is 60 um

x 3 = 180 um.

For following measurements, high load
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Fig.7 Amplitude and phase imbalance of the
developed EHQMIX (LO power:Pp =9 dBm,
RL =510 Ω).
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Fig.6 Voltage conversion gain of the developed
EHQMIX (LO power:Pp =9 dBm, RL =510 Ω).
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Fig. 8 Voltage conversion gain, amplitude and phase
imbalance versus LO power of the developed
EHQMIX  (frf =1.6 GHz, RL =510 Ω).

Fig.5 A photograph of the developed L-band
monolithic EHQMIX. The chip size is
2.6 mm x 2.2 mm.
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resistance is employed to improve voltage conversion

gain[5].

Figure 6 shows the voltage conversion gain of

the developed EHQMIX. The conversion gain is -4 dB at

1.6 GHz, and less than -7 dB from 1.4 GHz to 1.7 GHz,

including dividing loss of the 90˚ DIV. Figure 7 shows

amplitude and phase imbalance of the developed

EHQMIX. The amplitude imbalance is from +0.3 dB to

+1.0 dB, and the phase imbalance is within ±5 degree in

the above frequency range. This amplitude imbalance can

be corrected with BB-AMP easily. Figure 8 shows the

voltage  conversion gain, amplitude and phase imbalance

versus LO power of the developed EHQMIX. The voltage

conversion gain is below -6 dB, amplitude imbalance is

+0.4 dB to +1.0 dB, and phase imbalance is below +2

degree for LO power range of 7 to 12 dBm.

Figure 9 shows intermodulation characteristics

of the developed EHQMIX. The intercept point of the

third order intermodulation at the input port (IIP3) is 9

dBm at frf=1.6 GHz and LO power Pp=9 dBm. IM2 is

extremely low in the actual input power region. 23 dB of

noise figure is achieved at 100 kHz of baseband

frequency with BB-AMP.

Conclusion
In this paper, a novel configuration of the even

harmonic quadrature mixer using a balance type phase

shifter was proposed. In the mixer, a 90 degree phase

shifter consists of balance type high pass and low pass

filters, so the mixer can suppress amplitude and phase

imbalance caused by inductance included in the wires and

leads of package used for circuits connecting to the

ground plane, and it is suitable for low cost monolithic IC

without any via-holes. A developed L-band monolithic

EHQMIX achieved good quadrature detecting

characteristics.

References
[1] A.A.Abidi, "Low-power radio-frequency IC's for

portable communications," Proceedings of the IEEE,

vol.83, pp.544-569, No.4, April 1995

[2] C. Takahashi, R. Fujimoto, S. Arai, T. Itakura, T.

Ueno, H. Tanimoto, S. Watanabe, and K. Hirakawa, "A

1.9 GHz Si direct conversion receiver IC for QPSK

modulations systems," ISSCC 95 Digest of Technical

Papers, pp.138-139, IEEE International Solid-State

Circuits Conference, Presidio, 1995.

[3] H. Tsurumi, and T. Maeda, "Design study on a direct

conversion receiver front-end for 280 MHz, 900 MHz,

and 2.6 GHz band radio communication systems," Proc.

IEEE Vehicular Technology Conf.,  pp.457-462, 1991.

[4] J. K. Cavers, M. W. Liao, "Adaptive compensation for

imbalance and offset losses in direct conversion

transceiver," IEEE Trans. on Vehicular Technology,

pp581-588, Vol.42, no.4, Nov. 1993.

[5] M. Shimozawa, K. Kawakami, K. Itoh, A. IIDA and

O. Ishida, "A novel sub-harmonic pumping direct

conversion receiver with high instantaneous dynamic

range," 1997 IEEE MTT-S Int. Microwave Symp. Digest,

pp.819-822, 1997.

[6] K. Kawakami, K. Tajima, M. Shimozawa, K. Itoh, N.

Kasai and A. IIDA, "Fully monolithic integrated even

harmonic quadrature ring mixer with an active matched

90 degree power divider for direct conversion receivers,"

1998 IEEE MTT-S Int. Microwave Symp. Digest, pp.657-

660, 1998.

[7]M. Cohn, J. E. Degenford, and B. A. Newman,

"Harmonic mixing with an antiparallel diode pair," IEEE

Trans. Microwave Technology Tech., Vol.23, 1975

pp.667-673.

-120

-100

-80

-60

-40

-20

0

20

-50 -40 -30 -20 -10 0 10
Input power (dBm/tone)

O
ut

pu
t v

ol
ta

ge
 (

dB
V

/to
ne

)

Desired signal

IM3

IM2

Fig. 9 Intermodulation characteristics of the
developed EHQMIX ( frf =1.6 GHz, LO
power:Pp = 9 dBm, RL =510Ω ).
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