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Abgract : A DC-offset cancellation scheme in a 5GHz direct-conversion receiver compliant with the |IEEE
802 1la wireless L AN standard is presented. An analog feedback loop is used to eliminate the DC-offset at the
output of the double-balanced mixer. The test results show that the mixer with the D C-offset cancellation circuit
has a voltage conversion gain of 9. 5dB at 5 15GHz,a noise figure of 13 5dB,an IIP3 of 7. 6dBm,a DC-offset
voltage of L 73mV eliminating 76 % of D C-offset ,and a power consumption of 67mW with a 3 3V supply. The di-
rect conversion WL AN receiver has been implemented in 0. 3% m Si Ge BiCM OS technol ogy.
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1 Introduction

Wireless communications will evolve towards
high data rate applicationsin the future,a primary
one of whichis WLAN (IEEE 802.11a.b.g) . Inor-
der to get more features and low cost at RF front
sections ,the choice of a suitable receiver implemen-
tation requires a careful study of the system speci-
fications. The superheterodyne architecture is a
traditional receiver patented in 1917 by Edwin
Armstrong!’ ,which offers the best performance in
most wireless system applications. However , the
architecture requires passive filter components
mostly because of the intermediate-frequency (IF)
and image-reject ,which must have high quality fac-
tors and often employ an off-chip surface acoustic
wave(SAW) filter! .

Direct-converson receivers, such as that
shown in Fig. 1, have attracted much attention o-
ver the past few years. In actual direct converson
systems,the local oscillator (LO) frequency isin
the middle of the RF spectrum under consdera
tion. However ,this architecture creates additional
performance criteria such as DC-off sets,second or-
der intermodulations(IM2) ,in-band local oscillator
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radiation ,and flicker noise that are not present in a
heterodyne counterpart. One of the greatest chal-
lenges of these performance criteriais the effective
cancellation of the DCoffset™® . The DCoffset of a
receiver can be separated into two components:a
constant off set and a time-varying off set. The con-
stant DCoffset is attributed to the mismatch be-
tween the mixer components,and the time varying
DCoffset is generated by the self-mixing of the
L O™ The former can be minimized with the help
of specific layout techniques,but the latter can nev-
er be completely eliminated.

There are two common DC-off set cancellation
solutions: A C coupling (high passfilter) ® and dig-
ital cancellation with DAC sampling!”’. By the for-
mer means ,a very low corner frequency of the high
pass filter is required,indicating large capacitors,
which is not suitable for integration. The digital
solution involving DAC will complicate the design
and increase the power disspation.

We focus on eliminating the DCoffset at the
mixer output with analog feedback loops as first
mentioned by Laferriere et al.'® ,whose desgn has
a shortcoming and cannot be completely i mplemen-
ted. We al so analyze the mechanism of the DC-off-
set of the mixer and the circuit topology.

* Project supported by the National Natural Science Foundation of China(N os. 90207008 ,60536030)

T Corresponding author. Email :gmxu @semi. ac. cn

Received 14 November 2005, revised manuscript received 20 January 2006

©2006 Chinese Institute of Electronics



654

27

2 Circuit topology and analysis

2.1 Topology preview

A full direct-conversion receiver topology isil-
lustrated in Fig. 1. In this solution ,a DC-off set cir-
cuit occurs in the base band section following the
mi xer.

Fig.1 Direct-conversion receiver

2.2 Mixer design

The circuit schematic of the mixer is shownin
Fig.2 ,whichis atypical Glbert cell with a sngle
ended input but a differential output. Inductor Leis
used for emitter degeneration to increase the line
arity of the mixer while consuming little voltage
headroom. As mentioned in Ref. [8] ,when the LO
isanideal square wave,the mixer’ svoltage gainis

R

AVz#x|re+ijE| D
where R istheload res stance ,and re isthe emitter
res stance of Q5 or Q6. Snce the mixer’ s [IP3 is
proportional to WGnmLe ,Le should be carefully cho-
sen to compromise between the gain and the 11P3.
Noise matching is achieved by selecting the sizes of
Le and the transstors and operating the RF tran-
sistorsat the current density required for minimum
noise figure. Combined with the matching net-
work , Le also achieves smultaneous noise and
power matching® . Since the current in the quad
switching trand storsis determined by the RF tran-
sstors below ,the current density for peak frisa
chieved by szing the transstors. In this design,
they are 1/ 6 of the RF transistors. The LO sgnals
are applied to the base of the quad transstors
through buffers, so that their amplitude can be
kept large enough for complete switching. L+ and G

are tuned on the LO + RF frequency to get rid of
the unwanted sdeband. The L C tank tuned on the
second RF harmonic acts as an AC current source
in the emitter of the input transstor pair'™.
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Fig.2 Schematic of double balanced mixer

2.3 DCofset analysis of mixer

The bipolar transstors Q5 and Q6 in Fig. 2
are smply modeled as a voltage-controlled current
source (VCCY) ,and transistors Q1 Q4 are regar-
ded asideal switches. The dominant source of non-
linearity in Q5 and Q6 is assumed to be the input
gn-Stage. The nonlinear VCCSis

ire (1) = gn[ Vin (1) + ke Vi (t) + kavin (t) + ]
(2)
where kisthe nmorder nonlinear coefficient. There-
fore ,the output current of the mixer can be written
as
fo (1) = ire(t) go(t) (3)
where go isthe gate function of the LO dgnals as
a Taylor series. The parts of interest are the fund-
mental and DC components of i.«. Equation (4)
shows the DC component in the mixer output :

Voc =Nuom R (17 + gn ke A%e) AN +A R) (4)

Equation(4) is the idea DCoffset behavioral
model of a double-balanced mixer'® ,wherenom is
the duty cycle (typically 50 %) An isthe mismatch
inthe duty cycleinthe trandgstorsof theLO input ,
Itis the mixer static current which is half of the
tail current A R is the dominant mismatch in the
practical process,and Arr is the amplitude of the
RF signal in the mixer input. According to Eq. (4) ,
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the DC termin the IF depends on the collector re-
sstor mismatch ,the value of the tal current ,and
the amplitude modulation component.

2.4 DC-ofst cancdlation circuit

In parallel with the resistor loads R ,a pair of
pMOS are employed to shunt the output current of
the mixer under the control of the feedback loop ,as
shown in Fig. 2. The feedback network congsts of
common mode (CM) and differential mode (DM)
feedback loops. The output voltage is adjusted by
the shunted current ,which must have enough tol-
erance to severely restrict DCoff set voltage. This
current is set at about 20 % of the tota mixer’' s
collector current in this desgn.

In the common-mode feedback loop ,the com-
mon-mode output voltage is compared with a refer-
ence voltage. The comparison voltage controls the
gate of thepMOSin order to stabilize the common-
mode voltage at the mixer output. The common-
mode DC-off set voltage is reduced in this way.

In the Glbert-cell based mixer ,a differential-
mode DC-offset is predominant at the output. The
DM feedback loop circuit is restricted not only by
the base-band signal spectrum,but also the noise
contributing to the whole receiver. Therefore,the
DM DC-offset correction loop amplifier must f ulfill
three requirements:

(1) Theloop must have sufficient gain at DC
to provide adequate DC-off set reduction;

(2) The equivalent output noise of the circuit
must be low enough to avoid sgnificantly degrad-
ing the mixer noise figure;

(3) The loop must have a gain low enough
near the lower corner frequency of the sub channel
(at frequencies above 150k Hz in this case) where
the desred sgnal is not attenuated sgnificantly.

Following these requirements,the differential-
mode loop is alow-passfilter with a high gain and
alow cutoff frequency. A schematic of the loop is
shownin Fig. 3.

Thefirst stageillustrated in Fig. 3 utilizes bi-
polar transstors in the feedback amplifier , which
have higher gain and lower noise than MOSFETSs.
However ,a pair of MOSFETs s placed in the sec-
ond stage ,which generates a Miller multiplication
with high input impedance. The two stage loop am-
plifiers are loaded by pMOS current sources. The
total impedance at the output is equal to ro1 oz,

Fg.3 DM feedback loop with Miller multiplier

and the gainis
Gain =- gn(ro roz) (5)

The gain of first stage is 40. 3dB at OHz ,and
the phase marginis 130°. With no Miller capacitor ,
the bandwidth of the amplifier is about 7M Hz ,and
the second stage gain is 45dB. The second stage
gainis amilar to thefirst stage ,allowing the Miller
effect to generate an effective capacitance at thein-
ter-stage of the amplifier. The Miller effective car
pacitance is mostly equal to the product of the com-
pensation capacitance and the second stage gain.

Cuiller = Gal Nsec Cui (6)

The configuration is a Miller integrator with
2pF capacitor that is small enough to be integrated
on the chip ,and the actual effective input capacitor
is about 1nF. It is difficult to fabricate a capacitor
of 1nF dnce the capacitors are area-consuming
components. The curve in Fig. 5 shows the fre
quency response of the differential feedback-loop ,
which is close to the ideal model of former require-
ments. With the Miller capacitor ,the feedback loop
has a low enough gain at 150k Hz ,offering a corner
frequency low enough for the 802 1la standard. In
Fig.3,Ri and R are a couple pair with emitter de-
generation to adjust the gain.

3 Reaults

The circuit was implemented in 0. 34 m S Ge
BiCMOS technology. A die photograph is shownin
Fig. 4 ,which has an area of 0. 656mm X 0. 53mm,
and the DCoff set cancellation circuit has an addi-
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tional area lessthan 0. 1mm?.
'x‘
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Fig.4 Diephotograph of the full recelver circuit

The measured frequency response of the DC
off set cancellation of the feedback loop is close to
the amulation result ,as illustrated in Fig. 5. The
DCoffset voltage is L 73mV at the IF output of
the mixer ,coupled by a pair of capacitors. The DC
off set reduction is 76 %. That is less than smula
tion average val ue of 98 % because of various norri-
deal conditions such as mismatching and parastic
components.
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FHg.5 Measured frequency response of the DM feed-
back-loop

Figure 6 shows the 1dB compresson point
with the same RF and LO frequency above and
with aload of 5. It showsthat the 1dB compres
son point is - 2dBm,which is dightly less than
the smulated result (- 1 5dBm). Figure 7 shows
the conversion voltage gain versus the input sgnal
frequency. The measured result ,already computed
with a large load resistance,is smaller than the
smulated result ,possbly due to the input matc-
hing and parasitic components of the circuit.

The DCoff set dightly affects the performance
of the mixer illustrated in Table 1.
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Fig.7 Measured converson voltage gain

Table 1 Summary of performance

Parameter Circuit with Circuit without
DG off set DCoff set
Noise figure/ dB 13.5 12.1
11P3/ dBm 7.6 7.7
Conversion gain 9.5 12.7

4 Conclusion

A direct-converson mixer with a DCoff set
cancellation circuit is presented. It drawsa 21 3mA
current with a 3 3V supply and provides a conver-
son voltage gain of about 9 5dB ,a noise figure of
13 5dB ,and 11P3 of 7. 6dBm. The DC-off set cancel-
lation circuit has an additional area less than
0. Imm* ,an added power disspation of 0 3mW,
and it eliminates 76 % of the DC-off set voltage.
Thiscircuit is easy to be realized and has little in-
fluence on the performance of the receiver.
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