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Abdtract : We analyze a wide-band, high-linearity down-conversion mixer for cable receptions that is implemented
in 0. 331 m SiGe BiCMOS technology. The bandwidth of the RF (radio frequency) input covers the range from 1
to 1L 8GHz. The measured input power at the - 1dB compression point of the mixer reaches + 14 23dBm. The
highest voltage conversion gain is 8 31dB ,while the lowest noise figure is 19. 4dB. The power consumed is 54mW
with a 5V supply. The test result of the down-conversion mixer is outlined.
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1 Introduction

Nowadays, mobile electronic equipments,in-
cluding wireless LANs, mobile phones,and televi-
sons,are becoming more popular. In these equip-
ments,the RF front-end is one of the most impor-
tant devices for communication. For most applica
tions,such as wireless LANs,a narrow-band RF
front-end is enough, which is normaly below
20M Hz. However ,wide-band applications such as
wide-band tuners for TVs and GPS (global pos-
tion system) are becoming more popular ,which re-
quire bandwidths above 100M Hz. In these applica
tions ,wide bands and high linearity are required.

The mixer is one of the most important com-
ponentsin RF front-end devices ,whose function is
to convert the frequency of the sgnals. Most mix-
ers are desgned as Glbert cells. The band-width of
the mixersis narrow because of the inductors and
capacitorsin the sgnal path. The linearity of the
mixersislimited by the inductors and capacitorsin
the degeneration path of the input stage. Therefore
the normal Glbert cells are not suitable for wide
band applications.

This paper analyzes the design of a wide
band ,high-linearity down-converson mixer for ca
ble receptions with an input bandwidth of
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800M Hz. The cable reception employs a dual-con-
verson architecture, which has an up-converson
mi xer to raise the frequency and a down-converson
mixer to lower the frequency. Therefore the input
frequency of the down-converson mixer covers the
range from 1 to 1L 8GHz. The downrconverson
mixer introduced in this paper employs no induc
tors or capacitors to enlarge the bandwidth. The
measured - 1dB compression point can reach +
14. 23dBm, while the third-order intercept point
(11P3) is + 23 87dBm. The test highest voltage
conversion gain is 8 31dB ,while the lowest noise
figure is 19 4dB, with a power consumption of
54mW.

2 Analysis of the circuit

2.1 Architecture of the circuit

Figure 1 shows the architecture of the circuit.
When designing the down-converson mixer , the
sSze and the collector current of the switch tran-
sstors (Q3,Q4,05,Q6) should be set carefully to
reduce the noisefigure at the point where the tran-
dstor can achieve a highest f: when the collector
current is supplied. After setting the sze of the
switch trans stors,the sze of theinput stage tran-
sistors should be set at 6 8 times as large as the
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switch transistors to improve the linearity. Then
the trade-off among linearity ,noise figure ,and con-
verson gain should be made by adjusting the cur-
rent and the red stors.
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Fig.1 Architecture of the down-converson mixer

In atraditional Glbert cell ,the input stage of
the mixer restricts the bandwidth and linearity of
the whole mixer because of the L C matching net ,
which is composed of degeneration inductors and
capacitors. Eliminating the L C effect is an effective
way to enlarge the bandwidth of the input stage
and improve the linearity. As shown in Fig. 1,the
L C matching net is replaced with the emitter de-
generation resistorsin theinput stagefor the wide
band match. The input i mpedance increases because
of the resstors Ra and Re. Therefore if the input
source ,such as an L NA (low noise amplifier) ,has a
low output impedance ,the wide-band match is real-
ized by the high input impedance driven by the low
source impedance. In most Stuations, the source
impedance is low enough to satisy the condition of
low source impedance.

The reason for adding the degeneration res s
tors and the attenuation resistors at the input tran-
sstors baseisal so to keep the converson linearity.
The disadvantage is that they increase the noise
figure and reduce the voltage gain. Therefore the
rest of the paper uses the basc mixer architecture
to analyze the impact of the degeneration resstors
Rsa and Re and the attenuation resstors Rx and
Rz .

2.2 Linearity analysis

The most important contributions to the line-
arity come from the degeneration resstors and the
attenuation resistors in this mixer. The presented
linearity analyssis valid for small sgnals. Accu-
rate linearity analyss can be obtained using tech-
niques such as Volterra series” .

In this analysis,the third-order intercept point
(I1P3) is used to scale the linearity of the mixer.
Any nonlinear trander function can be written as a
series expansion of power terms'™ :

Vot = ko + Kivin + k2 Vi2n + ks Vi3n + (1)

The input voltage at the third-order intercept
point is used to discuss the linearity in this paper.
The relation between the coeficients in Eqg. (1)
with the input voltage at the third-order intercept
point is asfollows™ :

k
Vipg = 2 Ks (2)
We analyze the single-sde input stage. First,
the coefficients ki and ks should be determined by
the model. The output voltage is proportional to
vhe. The expresson for we can be obtained from the

small sgnal model (Fig.2) asfollows ™ :

Fig.2 Small sgna model of input stage

The expression of ic can be obtained from the
small sgnal model. Then the coefficients k. and ks
can be calculated:

Ve = Vrln(L+19)
=viE - STty 1@
R,
-COM
ko= ——— (4)
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(Re+ 224 1)t 212(Re+u4y) 3k e , , -
*TB ¢ i e noise ic. The attenuation resistor and degeneration

(5)

Here re represents the emitter impedance of

the bipolar trans stor. The coefficients ki and ks in

Eq. (2) are replaced by Egs. (4) and (5) ,respec-

tively. The input voltage at the third-order inter-

cept point is achieved.
Re + By le

Vira = 2ﬁvT(—‘r37)? 6)

For the differential input stage,theinput volt-

age at the third-order intercept point has an extra

factor of 2. The result shows that the degeneration

resstor Re and the attenuation resstor R, can im-
prove the linearity dramatically.

2.3 Vodltage conversion gain analysis

The voltage conversion gain of the mixer is
decided by the input stage. Therefore the analyss
of the voltage gain is focused on the input stage.
Three equationsfollow from the small sgnal model
(Fig.2) :

ie Re + inrp + in Ro = Vi (7
. o Re
c = Vo
I o + Re 8)
ib + gmibrb = ie + ic (9)

Here ie ,ib ,and ic stand for the emitter cur-
rent ,the base current ,and the collector current of
the transstor, respectively; and Ry, R, and Re
stand for the attenuation res stor ,degeneration re-
gstor ,and the load resstor ,respectively;Vi is the
input voltage and V. isthe output voltage. The out-
put resstance of the transstor r, is ignored be
cause it is too large. The voltage gain can then be
achieved from the three equations.

B R
Av:[3Re+ Ro + Ib (10)
The result shows that both the degeneration ress
tor and the attenuation resistor reduce the voltage
gain.

2.4 Noisefigure analysis

The noise of the mixer comes from the switch
transistors,input stage,and other factors. We will
discuss the noise in the input stage now because
the degeneration and attenuation resstors are in-
cluded in the input stage. The input stage noise is
composed of four sources (Fig. 3) :the base noise

resistor contribute to the noise in the base noise
voltage v; and the emitter voltage noise v; :
Vi = AKTRA f (12)
Vi = 4KTRA f (12
The equations show how much voltage noise the

attenuation resistor and the degeneration red stor
produce.

R, v C,
C IV Em¥y =
EQ ng v QO3 OF

o

Fg.3 Noise model of input stage

2.5 Summary

The results show that the degeneration and at-
tenuation resstors can improve linearity dramatic-
ally while the voltage gain and the noise figure are
affected by these redstances. In most situations,
the gain and the noisefigure of the LNA determine
the gain and the noise figure of the RF front-end.
Thus the gain and the noise figure of the mixer are
not important if the gain of the LNA is big e
nough. In the wide-band applications ,the most crit-
ical characteristic of the mixer is linearity. Thus
adding the degeneration and attenuation resstors
to improve the linearity isfeasble.

3 Ted results of the wide-band high-
linear ity mixer

A wide-band high-linearity down-conversion
mixer using degeneration and attenuation res stors
is desgned in 0. 33 m S Ge BICMOS technology.
The heterogeneous junction between dlicon and
germanium reduces the noise figure. Therefore
S Geisone of most popular materials used to de
sgn RFfront-ends. BiCM OS technology is used be-
cause the bipolar transistorsin the technology have
high f: ,which can improve the performance of the
device in high frequency dtuations. The die of the
whole front-end isfabricated in the Chartered man-
ufactory.

In the experiment ,the down-converson mixer
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has an RF input bandwidth from 1 to 1L 8 GHz that
is generated from an Adgilent sgna generator
E8257D. A 900M Hz sine wave sgnal is used as the
LO(local oscillator) frequency from the output of
an Agilent E8362B network analyzer. Then the in-
termediate frequency can cover a range from 100 to
900M Hz.

3.1 Linearity test

The - 1dB compresson point is tested to ex-
press the linearity instead of the third-order inter-
cept point (IP3) because of the experimental equip-
ment. The output power is gotten from an Agilent
E4440A spectrum analyzer. Figure 4 shows that
the input power at the - 1dB compresson point is
+14. 23dBm. That means the input power at the
IP3is +23 83dBm!* . The linearity of this mixeris
high enough to be applied in cable reception.

L
S

[1dB compression point=14.23dBm

@
(=
T

Output power/dBm
8
T

30 20 -10 0 10 20
Input power/dBm

Fig.4 Test result of - 1dB compresson point

3.2 Conversion gain test

The output power can be gotten from the
spectrum analyzer ,and the converson gain can be
calculated. Figure 5 shows that the voltage conver-
son gain is 8 31dB at 100M Hz. The converson
gainis reduced along with the frequency. The rea
son for the reduction is the parasitic effect of the
bipolar trand stor at high frequency. S nce the volt-
age converson gain of the mixer is not critical ,the
converson gain of the mixer used in this paper is
high enough.

3.3 Noisfigure test

The experiment shows that the lowest noise
figure in the whole band is about 19 4dB. In the
RF front-end ,the noise of the mixer is not impor-
tant. The noise factor of componentsin seriesis:

o .
8 =
7 -
Sof
271
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Frequency/MHz

Fig.5 Test result of voltage converson gan

E -1 E -1
G | GG (13)
As shownin Eqg. (13) ,the noise of the LNA ,
whichisthefirst stagein the RF front-end ,deter-
mines the noise factor of the whole system. Gener-
ally ,the gain of the LNA islarge. For example,in
some wide-band tuner systems,the LNA can pro-
duce a gain of 20 to 25dB. Thus the mixer men-
tioned in this paper contributes no noise to the
whole system.

F=F +

4 Conclusion

In this paper ,we have analyzed a wide band,
high-linearity down-converson mixer. Table 1 lists
the parameters of the mixer. As shownin the table
1,the degeneration resstors and the attenuation
resstors improve the linearity dramatically and
have little influence on the converson gain and the
noise figure. The die area displayed in Fig. 6 is
0. 45mm x 0. 47mm.

Table 1 Performance of the wide band mixer

Parameter Thiswork | Other work(2]
Intermediate frequency bandwidth/ M Hz 800 360
Voltage converson gain(max)/ dB 8.31 8.7
Noi se figure(min) / dB 19.4 9.8
Input power at - 1dB point/ dBm +14.23 - 10

0.3% m/SiGe )
Technology K SiGeBJT
BiCMOS

The advantage of this mixer is that the fixed
attenuation impedance has become an alterable
impedance. The alterable impedance can change
the attenuation coefficient according to the input
signal . Theref ore the voltage conversion gain is al-
terable according to the input signal ,and it also
can be improved.
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Fig.6 Die photograph of the wide-band high-lineari-
ty mixer
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