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The Design of a Sub-Harmonic Dual-Gate FET Mixer
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Abstract

In this paper, a sub-harmonic dual-gate FET mixer is suggested to improve the isolation characteristic between LO
and RF ports of an unbalanced mixer. The mixer was designed by using single-gate FET cascode structure and driven
by the second harmonic component of LO signal. A dual-gate FET mixer has good isolation characteristic since RF
and LO signals are injected into gatel and gate2, respectively. In addition, the isolation characteristic of a sub-harmonic
mixar is better than that of a fundamental mixer due to the large frequency separation between the LO and RF
frequencies. As RF power was —30 dBm and LO power was 0 dBm, the designed mixer yielded the —47.17 dBm
LO-to-RF leakage power level, 10 dB conversion gain, —2.5 dBm OIP3, -12.5 dBm IIP3 and -1 dBm ! dB gain
compression point. Since the LO-to-RF leakage power level of the designed mixer is as good as that of a
douosle-balanced mixer, the sub-harmonic dual-gate FET mixer can be utilized instead.
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T . Introduction

The rapid growth of wireless communication ser-
vices, such as mobile phone, GPS, WLAN, Bluetooth
and <o on, requires lowcost, simple structured and
high-performance RF systems. Furthermore, since var-
ious communication systems are operated simultaneo-
usly, ntersystem interference need to be kept as low as
possitle. Power amplifier(PA) output and local oscill-
ator(LO) leakage signals are important interference
source:s because their power level is much higher than
that ¢f a desired signal. Interference by PA output can
be overcome by filtering a received signal with good
linear'ty. Interference by LO leakage can be overcome
not oaly by high linearity and powerful filtering of a
received signal but also by reducing LO leakage power
level in a down conversion mixer.

The isolation between LO and RF ports of a mixer
is imoortant because LO-to-RF feed-through results in
LO signal leaking through an antenna. If a down
conversion mixer is in a different package from a LNA,
the amount of allowable LO-to-RF feed-through dep-
ends on the reverse isolation of a LNA and a stop band
attentation of RF and image rejection filters at LO
frequency. On the other hand, if a LNA and a mixer
are packaged together, the LO signal can feed-through
to RF input port of a LNA, by passing the RF filter
and 1L.NA™M,
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A double balanced mixer is frequently used in a
mobile communication system. It generally has better
power-handling capability and higher isolation charact-
eristic between ports than those of an unbalanced
mixer. In addition, certain spurious responses, LO
noise, and spurious signals can be rejected by balanced
mixer scheme. However, it requires high LO power to
drive many nonlinear devices and has complicated
structure due to many nonlinear and external devices.
On the other hand, an unbalanced mixer has very
simple structure because of having single nonlinear
device. In addition, the mixer has good conversion gain
and noise figure characteristics. However, this type of
a mixer has poor isolation characteristic between ports.
Thus, band pass filters or hybrids are required in order
to improve the isolation characteristic™.

In this paper, a simple structured sub-harmonic
dual-gate FET mixer was introduced. The mixer was
designed by using dual-gate FET structure. In order to
improve the port-to-port isolation, the designed mixer
was driven by the second order harmonic component of
the LO signal.

Il. Theoretical Background

2-1 Dual-Gate FET Mixer

A dual-Gate FET mixer has two gates and LO and
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Fig. 1. Dual gate FET modeled as two single-gate
FETs in series.

RF signals are injected into each gate, separately.
Therefore, a dual-gate FET mixer has better LO-to-RF
isolation characteristic than a single-gate mixer. It is
very practical to use a single-device dual-gate FET
mixer in applications where a balanced mixer would
otherwise be needed.

A dual-gate FET is usually modeled as two single-
gate FETs in series, as shown in Fig. 1.

The best operating mode of a dual-gate FET mixer
is one in which the LO drives the FET1 into and out
of current saturation over LO cycle. In this case, fre-
quencies are mixed in FET1 and FET2 operates
simultaneously as a source-follower for the LO and a
common-gate amplifier for the IF. The dual-gate FET
mixer can produce the high conversion gain in spite of
the low LO powerm‘m.

2-2 Sub-Harmonic Mixer

A sub-harmonic mixer has historically been imple-
mented in millimeter-wave application as a mean of
performing down-conversion of the received signal with
single LO operating at a fraction of the frequency of
input signal. Several early direct conversion receivers
were adapting diode-based sub-harmonic mixers to
minimize the conversion of the LO signal to dc.
Recently, they have been implemented by utilizing
silicon bipolar technology for lower frequency applica-
tions using PWM technique'.

The conversion frequency is usually chosen as fzr—
fro in the down-conversion, where frr is RF signal
frequency and fio is LO signal frequency. For a
sub-harmonic mixer, the convertsion frequency is
chosen as frr—2f 0. Therefore, the LO frequency of a
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Fig. 2. Schematic diagram of a designed sub-harmonic
dual-gate FET mixer.

RF

sub-harmonic mixer is a half of that of a fundamental
mixer. Therefore, the frequency separation between RF
and LO frequencies becomes fgstf 0. This implies not
only improvement of the LO-to-RF isolation charac-
teristic but also lower LO noise and adequate LO
power level for the mixer operation”. Thus, a sub-
harmonic mixer can be used to improve the isolation
characteristic of an unbalanced mixer.

. Mixer Design and Simulation Results

In general, a double balanced mixer has about 50 dB
LO-to-RF isolation characteristic and is driven by 7~17
dBm LO power level. On the other hand, a dual-gate
FET mixer has about 20 dB LO-to-RF isolation
characteristic and is driven by - 10~0 dBm LO power
level. Therefore, a double balanced mixer has —33~
—43 dBm LO-to-RF leakage power level and a dual-
gate FET mixer has —20~-30 dBm. In order to use
dual-gate FET mixers instead of double-balanced
mixers, the isolation characteristic of dual-gate FET
mixers needs to be improved.

A dual-gate FET can be used to design a sub-
harmonic mixer. In a dual-gate FET mixer scheme, RF
signal is injected into gate 1 and LO signal is injected
into gate 2. Since a sub-harmonic mixer is driven by
sub-harmonic components of LO, the frequency of LO
signal is (frr—f1r)/ N, where N is the order of sub-
harmonic components of LO signal. For this operation,
the bias point of a dual-gate FET needs to be adjusted
to optimize the mixing operation.

In this paper, a sub-harmonic dual-gate FET mixer
was designed to improve the isolation characteristic of
a dual-gate FET mixer. The designed mixer had single-
gate FET cascode structure and was driven by the
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second harmonic component of the LO signal to 0

imprcve LO-to-RF leakage characteristic, as shown in . 1.
. -2

Fig. 2. i

Since RF frequency band for IMT-2000 is
1920--1980 MHz and IF frequency is selected 190
MHz, a fundamental dual-gate FET mixer has 1730~ .

dB(vowt)
)
5
>

1790 MHz LO frequency band and the sub-harmonic '80: T t
dual-gate FET mixer has 865~895 MHz LO frequency 100 —rrhek i e e I. aam
band. The two designed mixers were biased at Vds =3 ° ! 2 3 4 8 8 7
V, lds=60 mA and Agilent-ADS"® was used for freq. GHz
simulation. (a) IF output power vs. frequency

The performance characteristics of a designed fun-
dameatal mixer and the sub-harmonic mixer are 18

As the designed sub-harmonic mixer was driven by J _a : \

0 dBm LO power level, 1 dB gain compression point
was ebout — 1.9 dBm with conversion gain of 14.8 dB,

Gain
J
//

as shown in Fig. 3. (b). LO-to-RF leakage power level - : “\
was [ower than -24.6 dBm, as illustrated in Fig. 3(c). 8—_
Ithac294dBIMD,—15dBmOIP3and—153dBm ] llllillllillll TTTT (ulturllllnl‘lr
1IP3, as shown in Fig. 3. (d). %0 45 40 35 S0 25 20 5 -0
Wten the designed fundamental mixer was driven by RFpwr
—3.5 dBm LO power level, LO-to-RF leakage power (b) Conversion Gain vs. RF power
became - 18 dBm and LO-to-RF isolation charac-
teristic was 14.5 dB. When the designed sub-harmonic 248
mixer was driven by 0 dBm LO power level, -24.6 248 =
dBm LO-to-RF leakage power was obtained and 25.0_] \
LO-to-RF isolation characteristic of the sub-harmonic 1 25'2 . N
mixer was 24.6 dB. Therefore, the LO-to-RF leakage &, R D BEEAN
powe- level of the sub-harmonic mixer is 6.6 dB lower gl 284 ry———
than that of the fundamental mixer. This implies that B e
258 LI B ||||'||||,|||r |rs||||
Tablz 1. Simulation results of the fundamental and 40 38 30 28 o 10
sub-harmonic dual-gate FET mixers, RFpwr
Fundamental Sub-harmonic (¢) LO Leakage power vs. RF power
RF Frequency 1950 MHz 1950 MHz °
LO Frequency 1760 MHz 880 MHz 20 PSR
RF Power =30 dBm =30 dBm g 40— e e L J O AU
LO Power -3.5 dBm 0 dBm s ol R
Conversion Gain 20.7 dB 14.8 dB 50 1 é :
Noise Figure 7 dB 8.9 dB 100 ‘
T T T 1 1
OIP3 4.9 dBm -1.5 dBm g 8 B B B B & 8 % 8 8
o ) ~ ® © o - M) © ES 7
1p2 -12.6 dBm -15.3 dBm freq, MHz
P-im 2.7 dBm — 1.9 dBm (d) IMD characteristic
Lo-to-RF 24.24 dB(LO)
Isol ation 14.5 dB 24.6 dB(2LO) Fig. 3. Simulation characteristic of the designed mixer.
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the isolation characteristic of the sub-harmonic mixer is
10.1 dB higher than that of the fundamental mixer.
However, the sub-harmonic mixer had poorer conver-
sion gain and IP3 characteristics than those of the
fundamental mixer. In general, a sub-harmonic mixer
requires higher LO power level and has poorer con-
version gain characteristic than a fundamental mixer
B The conversion gain and IP3 characteristics of the
designed sub-harmonic mixer need to be improved
further. The characteristic of the designed mixer is
illustrated in Fig. 3.

IV. Measurement Results

Fig. 4 shows the photograph of the manufactured
sub-harmonic dual-gate FET mixer. Two ATF-54143s
were used to construct a dual-gate FET and the mixer
was fabricated on RO4350b( ¢ , = 3.48, = 30 mil) sub-
strate. 8753ES network analyzer, 8563E spectrum
analyzer, and E4436B signal generator of the Agilent
Technologies were used to measure the characteristics
of the manufactured mixer. The manufactured mixer
was operated at Vds=3 V and Ids =60 mA.

As RF power level was -30 dBm and LO power
level was 0 dBm, the designed mixer had characteristics
of -47.17 dBm LO-to-RF leakage power level, 10 dB

Table 2. Measurement result of the designed sub-harmonic
dual-gate FET mixer.

Commercially
available mixers

Parameter This paper
passive[8] |active[9]
RF frequency(MHz) 1950(1920 ~1980) NA
LO frequency(MHz) 880(865~895) NA
[F frequency(MHz) 190(RF-2LO) NA
RF power(dBm) -30 NA
LO power(dBm) 0 7~19 -5

—20(RF-2LO=190 MHz)

IF power(dBm) —48(RF-LO=1070 MHz) NA
Conversion gain(dB), 10| -7~-6 9
OIP3(dBm) -0.5 21~38 3
11P3(dBm) -10.5 NA
P.14g(dBm) -1 10~24 -8
RF-to-IF Leakage _

(dBm) 54.34 NA
LO-to-1F Leakage —-28(LO=880 MHz) | _ 19~ -12] —30
(dBm) —-50.5(2LO=1760 MHz)

LO-to-RF Leakage - 19.5(LO=880 MHz) 29~ -21| -23
(dBm) —47.17(2LO=1760 MHz)

* NA : not available

Fig. 4. Photograph of the sub-harmonic dual-gate FET

mixer.
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Fig. 5. IF output power.



KIM et al :

conversion gain, -2.5 dBm OIP3, -12.5 dBm IIP3,
and -1 dBm 1 dB gain compression point. The
measured characteristics of the designed mixer are
summerized in Table 2.

Since the designed mixer was simulated under the
ideal condition, conversion gain in Table 1 is 4.8 dB
higher than that in Table 2. However, measured convert-
sion giin is comparable to that of commercially avai-
lable cne.

Fig. 5 shows measured IF output power levels. Power
levels of frr—f10 (1070 MHz) component and frr—2
fro(190 MHz) component are -48 dBm and -20
dBm, respectively. Therefore, it is easy to separate
unwaned fzr—f 10 component from required fzr—2f 10
component.

Fig. 6 shows LO-to-RF leakage characteristic. It
reveals that the leakage power level of the second
harmonic component of LO signal is very low and the
design:d mixer has very good isolation characteristic
between ports. However, the leakage power level of the

*ATEN 18dB- MKR =19, S@dBm
Rl._=9. 2dBm 1@dBs 880 . 200MHz

|
g
i\
I
' /1
® [ 1\

KR
360 ;080 | MHz
-19]52 4Bm

CENTER 880. 800MHz
¥R3W 30kHz ¥UBW 3Bk Hz

SPAN 2.000MHz
SWP 50. 8ms

(a) Fundamental component leakage

»AT"TEN 1@dB
Rl. =9 2dBm 1@8dB/

MKR —47. L7dBm
1.760080CH=z

KR
\. 76600¢ GHi
2717 4dBm

CINTER 1.765@800GHz
¥R3IW 30k Hz ¥UBW 3Bk Hz

SPAN 2. 030MHz
SWP S@.Bms

(b) Second-harmonic component leakage

Fig. €. LO-to-RF leakage characteristic.
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Fig. 7. IMD characteristic.

fundamental component is not low enough. This signals
can be rejected by RF filter or IF filter in the receiver.

Fig. 7. shows measured IMD characteristic. The
fundamental output power level is -18 dBm and the
3rd power level is -53 dBm. Therefore, the designed
mixer had 35dBc IMD, -2.5 dBm OIP3 and -12.5
dBm IIP3.

V. Conclusion

In this paper, the sub-harmonic dual-gate FET mixer
having good LO-to-RF isolation characteristic was
designed by using single-gate FET cascode structure. It
was driven by the second order harmonic component of
LO signal. As RF power was —30 dBm and LO power
was 0 dBm, the designed mixer yielded —47.17 dBm
LO-to-RF leakage power level, 10 dB conversion gain,
—2.5 dBm OIP3, -12.5 dBm IIP3 and —1 dBm 1 dB
gain compression point. Because the LO-to-RF leakage
power level of the designed sub-harmonic mixer is as
good as that of a double-balanced mixer, the sub-
harmonic dual-gate FET mixer can be used instead.
However, in order to be utilized in real system, the
linearity characteristic of the designed mixer needs to
be improved further.
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