26 5
2005 5

CHINESEJOURNAL OF SEMICONDUCTORS

Vol.26 No.5
May ,2005

A New Low Voltage RF CMOS Mixer Design
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Abstract : A new architecture of CMOS low voltage downconverson mixer is presented. With 1 452GHz L O input
and 1 45GHz RFinput ,amulation results show that the conversion gainis 15dB ,l1IP3is - 4 5dBm ,NFis17dB ,the
maximum transient power disspationis 9. 3mW ,and DC power disspationis 9. 2mW. The mixer’ s noise and lineari-

ty analyses are a0 presented.
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1 Introduction

In recent years,low voltage has become a tar-
get in most digital and analog integrated circuit ap-
plications. The most commonly used CMOS mixer
topology is Glbert mixer'™ . It has stacked struc-
ture ,which limitsits usein low supply voltage ap-
plications. Recently ,alot of efforts have been spent
on the development of low-voltage CMOS RF mix-
ers. In Refs. [2,3] ,the presented mixer avoids the
stacking of transstors;tradeoff is that it suffers
from a lower conversion gain for a given power. In
Ref.[4] ,MOStrandstor is used as a four-terminal
device ,RF and LO signals are applied to the gate
and the back gate while the mixing product is ex-
tracted from the drain;this kind of mixer can be
working on a low supply voltage ,but it is difficult
to predict the mixer performance due to the lack of
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adequate model for the transstor in such working
mode. In Ref. [5] ,L C tanks are used in the mixer
to achieve low voltage operation, but in CMOS
technology ,Qvalue of the spiral inductor is rela
tively low ,and the inductor occupies a lot of chips
ace.

In this paper,a high gain downconverson
CMOS mixer with low supply voltageispresented;
the topology of the mixer has never been reported
previoudy. This new mixer does not need induc-
tors,so it is relatively easy to fabricate.

2 Architecture of proposed mixer

Figure 1 shows the basic operating principle of
the mixer. In this mixer core, trandstor M1 is
working in the triode region, transstor M2 is
working in the saturation region ,the current flow
through M1 and M2 is equal ,%0 that
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Equation (1) can be changed into

'Jz'un(lﬂ (VBZ+VRF'VTn)2 1
v = VDD - W 2 x " (2)
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Fig.1 Basic operating principle of the proposed mixer

Vm and V1, are the threshold voltage of M2 and
M1 M, andM, are the mobilities of charge carriers
of NMOSand PMOS transstors,W,L ,and Cux re-
present the transistor’ s width ,length ,and gate car
pacitance per unit area,respectively ,Ve: and Ve are
DC bias voltages. The bias voltage and the aspect
ratio of trandstors are selected to guarantee

Vio
VDD -| V1 | - Vet

<1 (3)

Thus

1 - Vio
= 1+
Vo VDD -| V1 | - Vet

VDD - | Vo | - Ve

1-
Then equation (2) can be approximated to

'l'IJn W (VB2 + Vrr - VTn)2
2 2

v= VDD - 4 L :
Mp L l(VDD- Ver -| Vi |)
éﬂn(lﬂ 2(VE;z - VTn)ZVLO )
HPL%[J 1(VDD - Ver-| Vi |)

“n(lﬂl] (Vez - V1) VrReVLO
L]

Uptmﬂ 1(VDD - Ve -| Vp |)?

(4)
L
The last termin Eq. (4) is proportional to vre\Vio ;
this term can be used to achieve mixing.
Figure 2 is the complete schematic diagram of

the proposed mixer ,it hasfour sections:section1is
composed of M1 ,M2 ,MM1 ,and MM2;section 2 is
composed of M3 ,M4 ,MM3 ,and MM4; section 3 is
composed of M5,M6 ,MM5 ,and MM6 ;and section
4 is composed of M7,M8,MM7 ,and MM8. The
functions of the four sections are equal ; each sec-
tion condstsof a mixer core (for example M1 and
M2) and an output transconductance stage (for ex-
ample MM1 and MM2 ,which are used to convert
the output voltage of the mixer core into current) .
Transstors ML1 and ML2 have equal szes. They
are used to add the output transconductance sta
ges output current and convert the added current
into voltage. Vou is the output voltage of the mix-
er. The balanced structure is chosen to reduce the
feed through of LO and RF signals.

The commonly used active mixer ,such as Gl-
bert mixer ,is to achieve mixing through current ,
and it has a transconductance stage ,which converts
the RF input voltage into current ,the LO signal
switches the currents on and off ,the output cur-
rents contains the mixing terms and are converted
into voltage by usng transstors or redstances as
load. This kind of mixer has a procedure of conver-
ting voltage into current and then converting the
current back into voltage ,0 the structure are conr
plex and usually has stacked trans stors. In this per
per ,first the RF input voltage is converted into
current whose value is proportional to RF input
voltage,then this current flows through LO con-
trolled load ,the resistance of this load has a term
which isproportional to the L O voltage ,s0 the out-
put voltage has the mixing term. This kind of mix-
ing procedureis rather smple;the mixer core only
has two trandstors,thus can be working in low
supply voltage. The supply voltage can be adjusted
lower depending on the system requirements.
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Fig.2 Complete schematic diagram of the mixer

3 Mixer noie and linearity analysis

The design of the mixer requires a compro-
mi se ,and the performance parameters of the mixer
should be carefully specified for different applica
tions. In this paper ,the mixer is desgned with high
gan and low operating voltage, moderate NF
(noise figure) ,and 11P3 (input referred third-order
intercept point) .

The noise contribution of each transstor of
the proposed mixer can be smulated and calculated
by Cadence SectreRF. This mixer is a low IF
downconverson mixer ,and the thermal noiseisthe
primary noise source.

13(f) represents the thermal noise current in
the drain due to the channel resstance. If the tran-
sstor operatesin the triode region,

3(f) = 4T

Ids

()

Where rus is the channel res stance!® .

For the long-channel transstor workingin the

saturation region'® |

13(f) = 4K gm (6)
The coefficienty is derived to be equal to 2/ 3 for
long-channel transstors and may be needed to be
replaced by a larger value for submicron MOS
FETs.

Transstors M1 ,M3,M5 ,and M7 are working
in the triode region;their noise can be reduced by
increasng their lengths. Smulation results show
that transstors M2 ,M4 ;M6 ,and M8 contribute to

most of the noise. As they are working in saturer
tion region ,the transconductance of them should be
large enough to minimize their equivalent noise
voltage at the circuit input. After adjusting the pa
rameter value of the mixer ,smulation shows that
it hasa NF of 17dB.

Linearity is an important consideration in mix-
er desgn from Egs. (1 4) ,it can be seen that to
achieve high linearity, the condition of Eq. (4)
must be satidied. The linearity of the mixer is a s
determined by the linearity of mixer core and out-
put transconductance stage. The linearity of the
mixer core is determined by the lower MOS tran-
sstor in the mixer core,which is the RF input
transconductance stage. Transconductance linearity
can be improved by increasng the gate overdrive
voltage,but increasng the gate overdrive will in-
crease power consumption. To increase the linearity
of the output transconductance stage ,the aspect ra-
tio of the two trandgstors of the transconductance
stage is carefully chosen to cancel the nonlinear
terms.

4 Simulation results

The mixer circuit is Smulated usng Cadence
FectreRF based on Dongbu 0 2 m CMOS
process. The smulation result of this mixer is sum-
marized in Table 1. It is a low supply voltage high
gain mixer ,with moderate 11P3 and NF. The fre-
quency of RF sgnal is 1 452GHz;LO dgnal fre
quency is1 45GHz;thisis because the mixer is de-
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signed for L-band DAB applications.

Table 1 Mixer performance

Supply voltage 2V
DC power disspation 9. 2mwW
Maxi mum transient power dissipation 9. 3mwW
Converson gain 15dB
11P3 - 4 5dBm
NF 17dB
L O frequency 1 45GHz
RF frequency 1 452GHz
L O amplitude 0dBm
Technology Dongbu 0. 234 m

5 Conclusion

In this paper ,a new CMOS RF downconver-
son mixer is presented. The mixer first converts
the RF input voltage sgnal into current ,then this
current flows through a transistor working in the
triode region whose resstance is modulated by the
LO sgna. This kind of mixer can work in a rela
tively low supply voltage.

This mixer achieved a smulated converson

gain of 15dB,IIP3 of - 4 5dBm,and NF of 17dB,
with a DC power consumption of 9. 2mW from a
sngle 2V supply.
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