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Abstract : We analyze a wide2band , high2linearity down2conversion mixer f or cable recep tions t hat is implemented

in 0135μm Si Ge BiCMOS technology. The bandwidt h of t he R F ( radio f requency) inp ut covers t he range f rom 1

t o 118 G Hz. The measured inp ut p ower at t he - 1dB comp ression p oint of t he mixer reaches + 14123dB m. The

highest voltage conversion gain is 8131dB ,w hile t he lowest noise f igure is 1914dB . The p ower consumed is 54mW

wit h a 5V supply. The test result of t he dow n2conversion mixer is outlined.
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1 　Introduction

Nowadays , mobile elect ronic equip ment s , in2
cluding wireless LANs , mobile p hones ,and televi2
sions ,are becoming more pop ular . In t hese equip2
ment s ,t he RF f ront2end is one of t he most impor2
tant devices for communication. For most applica2
tions , such as wireless L ANs , a narrow2band RF
f ront2end is enough , which is normally below
20M Hz. However , wide2band applications such as
wide2band t uners for TVs and GPS ( global posi2
tion system) are becoming more pop ular ,which re2
quire bandwidt hs above 100M Hz. In t hese applica2
tions ,wide bands and high linearity are required.

The mixer is one of t he mo st important com2
ponent s in RF f ront2end devices ,whose f unction is
to convert t he f requency of t he signals. Most mix2
ers are designed as Gilbert cells. The band2widt h of
t he mixers is narrow because of t he inductors and
capacitors in t he signal path. The linearity of the
mixers is limited by t he inductors and capacitors in
t he degeneration pat h of t he inp ut stage. Therefore
t he normal Gilbert cells are not suitable for wide2
band applications.

This paper analyzes t he design of a wide2
band ,high2linearity down2conversion mixer for ca2
ble receptions wit h an inp ut bandwidt h of

800M Hz. The cable reception employs a dual2con2
version architect ure , which has an up2conversion
mixer to raise t he f requency and a down2conversion
mixer to lower t he f requency. Therefore t he inp ut
f requency of t he down2conversion mixer covers t he
range f rom 1 to 118 GHz. The down2conversion
mixer int roduced in t his paper employs no induc2
tors or capacitors to enlarge the bandwidt h. The
measured - 1dB compression point can reach +
14123dBm , while t he third2order intercept point
( IIP3) is + 23187dBm. The test highest voltage
conversion gain is 8131dB , while the lowest noise
figure is 1914dB , wit h a power consumption of
54mW.

2 　Analysis of the circuit

2. 1 　Architecture of the circuit

Figure 1 shows t he architect ure of t he circuit .
When designing t he down2conversion mixer , t he
size and t he collector current of the switch t ran2
sistors (Q3 ,Q4 ,Q5 ,Q6) should be set caref ully to
reduce t he noise figure at t he point where the t ran2
sistor can achieve a highest f t when t he collector
current is supplied. Af ter set ting t he size of t he
switch t ransistors ,t he size of t he inp ut stage t ran2
sistors should be set at 6～8 times as large as t he
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switch t ransistors to improve t he linearity. Then
t he t rade2off among linearity ,noise figure ,and con2
version gain should be made by adjusting the cur2
rent and t he resistors.

Fig. 1 　Architecture of the down2conversion mixer

In a t raditional Gilbert cell ,t he inp ut stage of
t he mixer rest rict s the bandwidt h and linearity of
t he whole mixer because of t he L C matching net ,
which is composed of degeneration inductors and
capacitors. Eliminating the L C effect is an effective
way to enlarge t he bandwidt h of t he inp ut stage
and improve the linearity. As shown in Fig. 1 , t he
L C matching net is replaced wit h t he emit ter de2
generation resistors in t he inp ut stage for t he wide2
band match. The inp ut impedance increases because
of t he resistors Re1 and Re2 . Therefore if t he inp ut
source ,such as an L NA (low noise amplifier) ,has a
low outp ut impedance ,t he wide2band match is real2
ized by t he high inp ut impedance driven by the low
source impedance. In most sit uations , t he source
impedance is low enough to satisfy t he condition of
low source impedance.

　　The reason for adding t he degeneration resis2
tors and t he at tenuation resistors at t he inp ut t ran2
sistors base is also to keep t he conversion linearity.
The disadvantage is t hat they increase t he noise
figure and reduce t he voltage gain. Therefore t he
rest of t he paper uses t he basic mixer architect ure
to analyze t he impact of t he degeneration resistors
Re1 and Re2 and t he at tenuation resistors Rb1 and
Rb2 .

2. 2 　Linearity analysis

The most important cont ributions to t he line2
arity come f rom t he degeneration resistors and t he
attenuation resistors in t his mixer . The presented
linearity analysis is valid for small signals. Accu2
rate linearity analysis can be obtained using tech2
niques such as Volterra series[1 ] .

In this analysis ,t he third2order intercept point
( IP3) is used to scale t he linearity of the mixer .
Any nonlinear t ransfer f unction can be writ ten as a
series expansion of power terms[1 ] :

vout = k0 + k1 vin + k2 v
2
in + k3 v

3
in + ⋯ (1)

　　The inp ut voltage at t he t hird2order intercept
point is used to discuss the linearity in t his paper .
The relation between t he coefficient s in Eq. ( 1 )

with the inp ut voltage at the t hird2order intercept
point is as follows[1 ] :

vIP3 = 2
k1

3 k3
(2)

　　We analyze t he single2side inp ut stage. First ,
t he coefficient s k1 and k3 should be determined by
t he model . The outp ut voltage is p roportional to
vbe . The expression for vbe can be obtained f rom t he
small signal model ( Fig. 2) as follows [ 1 ] :

vbe = V T l n (1 +
ic

Ic
) 　　　　　　

= V T [
ic

Ic
-

1
2

( ic

Ic
) 2 +

1
3

( ic

Ic
) 3 ⋯] (3)

Fig. 2 　Small signal model of input stage

　　The expression of ic can be obtained f rom the
small signal model . Then t he coefficient s k1 and k3

can be calculated :

k1 =
1

Re +
Rb

β + re

(4)
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k3 =
1

( Re +
Rb

β + re ) 4
×[

r2
e

2 I2
c ( Re +

Rb

β + re )
-

re

3 I2
c

]

(5)

　　Here re rep resent s t he emit ter impedance of
t he bipolar t ransistor . The coefficient s k1 and k3 in
Eq. (2) are replaced by Eqs. (4) and (5) , respec2
tively. The inp ut voltage at t he third2order inter2
cept point is achieved.

vIP3 = 2 2 V T (
Re +

Rb

β + re

re
)

3
2 (6)

　　For the differential inp ut stage ,t he inp ut volt2
age at t he t hird2order intercept point has an ext ra
factor of 2. The result shows t hat t he degeneration
resistor Re and t he at tenuation resistor Rb can im2
prove t he linearity dramatically.

2. 3 　Voltage conversion gain analysis

The voltage conversion gain of t he mixer is
decided by t he inp ut stage. Therefore t he analysis
of t he voltage gain is focused on t he inp ut stage.
Three equations follow from t he small signal model
( Fig. 2) :

ie Re + i b rb + i b Rb = V i (7)

ic
ro Rc

ro + Rc
= Vo (8)

i b + gm i b rb = ie + ic (9)

　　Here ie , ib , and ic stand for t he emit ter cur2
rent ,t he base current ,and t he collector current of
t he t ransistor , respectively ; and Rb , Re , and Rc

stand for t he at tenuation resistor ,degeneration re2
sistor ,and t he load resistor , respectively ; V i is t he
inp ut voltage and V o is t he outp ut voltage. The out2
p ut resistance of t he t ransistor ro is ignored be2
cause it is too large. The voltage gain can t hen be
achieved f rom the t hree equations.

Av ≈
βRc

βRe + Rb + rb
(10)

The result shows t hat bot h t he degeneration resis2
tor and the at tenuation resistor reduce t he voltage
gain.

2. 4 　Noise f igure analysis

The noise of t he mixer comes f rom the switch
t ransistors ,inp ut stage ,and ot her factors. We will
discuss t he noise in t he inp ut stage now because
t he degeneration and attenuation resistors are in2
cluded in t he inp ut stage. The inp ut stage noise is
composed of four sources ( Fig. 3) : t he base noise

v
2
b and i

2
b ; t he emit ter noise v

2
e ; and t he collector

noise i
2
c . The at tenuation resistor and degeneration

resistor cont ribute to the noise in t he base noise

voltage v
2
b and t he emit ter voltage noise v

2
e :

v
2
b = 4 KTRbΔf (11)

v
2
e = 4 KTReΔf (12)

The equations show how much voltage noise t he
attenuation resistor and the degeneration resistor
p roduce.

Fig. 3 　Noise model of input stage

2. 5 　Summary

The result s show t hat the degeneration and at2
tenuation resistors can improve linearity dramatic2
ally while the voltage gain and t he noise figure are
affected by t hese resistances. In most sit uations ,
t he gain and t he noise figure of t he L NA determine
t he gain and the noise figure of t he RF f ront2end.
Thus t he gain and t he noise figure of t he mixer are
not important if t he gain of t he L NA is big e2
nough. In t he wide2band applications ,t he most crit2
ical characteristic of the mixer is linearity. Thus
adding the degeneration and at tenuation resistors
to improve t he linearity is feasible.

3 　Test results of the wide2band high2
l inearity mixer

　　A wide2band high2linearity down2conversion
mixer using degeneration and at tenuation resistors
is designed in 0135μm Si Ge BiCMOS technology.
The heterogeneous junction between silicon and
germanium reduces t he noise figure. Therefore
Si Ge is one of most pop ular materials used to de2
sign RF f ront2ends. BiCMOS technology is used be2
cause the bipolar t ransistors in t he technology have
high f t ,which can improve t he performance of t he
device in high f requency situations. The die of t he
whole f ront2end is fabricated in t he Chartered man2
ufactory.

In the experiment ,t he down2conversion mixer
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has an RF inp ut bandwidt h f rom 1 to 118 GHz t hat
is generated f rom an Agilent signal generator
E8257D. A 900M Hz sine wave signal is used as the
LO (local oscillator) f requency f rom t he outp ut of
an Agilent E8362B network analyzer . Then t he in2
termediate f requency can cover a range f rom 100 to
900M Hz.

3. 1 　Linearity test

The - 1dB compression point is tested to ex2
press the linearity instead of t he t hird2order inter2
cept point ( IP3) because of the experimental equip2
ment . The outp ut power is got ten f rom an Agilent
E4440A spect rum analyzer . Figure 4 shows t hat
t he inp ut power at t he - 1dB comp ression point is
+ 14123dBm. That means t he inp ut power at the
IP3 is + 23183dBm[ 1 ] . The linearity of t his mixer is
high enough to be applied in cable reception.

Fig. 4 　Test result of - 1dB compression point

3. 2 　Conversion gain test

The outp ut power can be got ten f rom the
spect rum analyzer ,and t he conversion gain can be
calculated. Figure 5 shows that t he voltage conver2
sion gain is 8131dB at 100M Hz. The conversion
gain is reduced along wit h t he f requency. The rea2
son for t he reduction is t he parasitic effect of the
bipolar t ransistor at high f requency. Since t he volt2
age conversion gain of t he mixer is not critical ,t he
conversion gain of t he mixer used in t his paper is
high enough.

3. 3 　Noise f igure test

The experiment shows t hat the lowest noise
figure in the whole band is about 1914dB. In the
RF f ront2end ,t he noise of t he mixer is not impor2

Fig. 5 　Test result of voltage conversion gain

tant . The noise factor of component s in series is :

F = F1 +
F2 - 1

G1
+

F3 - 1
G1 G2

+ ⋯ (13)

　　As shown in Eq. (13) ,t he noise of the L NA ,
which is t he first stage in t he RF f ront2end ,deter2
mines t he noise factor of the whole system. Gener2
ally ,t he gain of t he LNA is large. For example ,in
some wide2band tuner systems , t he LNA can pro2
duce a gain of 20 to 25dB. Thus the mixer men2
tioned in this paper cont ributes no noise to t he
whole system.

4 　Conclusion

In this paper , we have analyzed a wide2band ,
high2linearity down2conversion mixer . Table 1 list s
t he parameters of the mixer . As shown in the table
1 , t he degeneration resistors and t he at tenuation
resistors improve t he linearity dramatically and
have lit tle influence on t he conversion gain and t he
noise figure. The die area displayed in Fig. 6 is
0145mm ×0147mm.

Table 1 　Performance of the wide2band mixer

Parameter This work Other work[2 ]

Intermediate f requency bandwidth/ M Hz 800 360

Voltage conversion gain (max) / dB 8. 31 8. 7

Noise figure (min) / dB 19. 4 9. 8

Input power at - 1dB point/ dBm + 14. 23 - 10

Technology
0. 35μm/ Si Ge

BiCMOS
Si Ge BJ T

The a dva ntage of t his mixe r is t ha t t he f ixed

at te nuation imp e da nce has become a n alte ra ble

i mp eda nce . The alte ra ble i mp eda nce ca n c ha nge

t he a t te nuation coef f icie nt accordi ng t o t he i np ut

signal . The ref ore t he voltage conve rsion gai n is al2
te ra ble accordi ng t o t he i np ut signal , a nd it also

ca n be i mp roved .
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Fig. 6 　Die p hot ograp h of t he wide2band high2lineari2
t y mixer
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一种用于有线接收机的宽带高线性度的下变频混频器 3
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摘要 : 分析了一种宽带高线性度的用于有线接收机的下变频混频器. 该设计采用 0135μm Si Ge BiCMOS 工艺. 射
频输入信号频率范围设计为 1～118G Hz ,测得的 1dB 压缩点达到 + 14123dB m ,最大转换增益为 8131dB ,最小噪声
系数为 1914dB ,在 5V 供电情况下 ,直流功耗为 54mW.

关键词 : BiCMOS ; 宽带 ; 线性度 ; 下变频 ; 混频器 ; Si Ge

EEACC : 1205 ; 1290 ; 2570 K

中图分类号 : TN77 　　　文献标识码 : A 　　　文章编号 : 025324177 (2006) 0721159205

3 国家自然科学基金资助项目 (批准号 :90207008)

 通信作者. Email :guming @mail . semi . ac . cn

　2006202223 收到 ,2006203217 定稿 Ζ 2006 中国电子学会

3611


