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Abstract  —  This paper presents a novel RF receiver 

front-end using only one shared tail current for low 
power application. The 5GHz receiver front-end RFIC 
includes a voltage controlled oscillator (VCO), a double 
balanced mixer and a low noise amplifier (LNA) in a 
cascoded topology. The receiver RFIC was implemented 
in a 0.5um SiGe BiCMOS technology. The VCO 
oscillation frequency is around 5GHz, targeting at the 
WLAN 802.11a application. The VCO phase noise was 
measured around -105dBc/Hz at 1MHz frequency offset. 
Intermediate frequency (IF) output is centered at 
frequency of 600MHz using a low-IF architecture and 
the conversion gain is measured more than 15dB. The 
1dB gain compression point and sensitivity of the front-
end is measured greater than -14dBm and smaller than -
60dBm respectively. The front-end core consumes 3.3mA 
current from a 3.3V power supply and occupies 1.4mm2 
area.  

Index Terms  —  SiGe, HBT, BiCMOS, voltage 
controlled oscillator (VCO), low noise amplifier (LNA), 
RF circuits, phase noise. 

I. INTRODUCTION 

An everlasting trend in modern RFIC design is to 
reduce power consumption and shrink die size without 
performance degradation. Especially the increased 
demand for wireless personal area network (WPAN) 
and wireless local area network (WLAN) application 
accelerates the need for power saving circuits because 
these applications are often battery-powered. There 
are two methods to lower RF front-end power 
consumption: one is to lower power supply voltage, 
the other is to reduce current. For the former one, a 
folded topology is usually adopted in that it eliminates 
load of a non-folded stage. However, this topology 
needs more tail currents and thus may not end up with 
low power consumption. For the latter method, a 
popular method is to stack different RF building 
blocks on top of each other and allow sharing of the 
bias current. Because of the current reuse, power 
consumption is greatly reduced. Most examples of this 
structure are cascode low noise amplifier (LNA) 
combined with with a mixer[1]. It was called current-
mode cascade of LNA and mixer, or low-noise mixer 
in the sense that the Gm stage of the mixer is replaced 
with an LNA. Conventional RF front-end topology 
consists of back and forth current-to-voltage 
conversions, e.g., from LNA transconductance to 
LNA load in voltage domain, and from mixer 

transconductance to mixer output in voltage domain. 
Compared with the conventional topology, the 
proposed one-tail topology in [1] does not convert 
signal back and forth from voltage domain to current 
domain and thus greatly saves power and area. The 
current reuse circuit can also stack voltage controlled 
oscillator (VCO) and mixer [2]. The latest 
development is to merge LNA. Mixer, VCO in a 
single current stage that further enhances the current 
reuse [3][4]. It was called LMV (LNA, mixer and 
VCO) cell. This paper proposes a novel structure 
based on LNA, mixer, VCO stacked topology. 

 In [3], the LMV cell shown in Fig. 1 evolves from 
self-oscillating mixer (SOM). SOM uses only two 
transistors (M1 and M2) to fulfill the oscillation 
function and frequency conversion function when 
signal current is applied to source/emitter of the 
oscillator transistors because M1 and M2 switch 
alternatively just like mixer at local oscillator (LO) 
frequency. The down converted signal is amplified on 
the same load of oscillator which has high gain in RF 
band but low gain in IF band and even lowered gain in 
baseband, which results in the idea of sensing IF 
signal at the source/emitter. The topology shown in 
Fig. 1 adds a pair of transistors: M3 and M4 under the 
VCO. They effectively act as the single balanced 
mixer. The LO signal comes from above oscillator 
through two coupling capacitors. And IF load between 
mixer and VCO provides high gain for IF band and 
exhibits low gain for LO frequency. While the tail 
transistor M0 provides biasing and transconductance 
for the RF signal. In this paper we propose a double 
balanced mixer to replace the single balanced mixer 
and modify the interface between the VCO and mixer. 
The benefits achieved will be detailed in next section. 

II. PROPOSED SINGLE CURRENT TOPOLOGY 

Fig. 2 shows the proposed structure of a current 
reused RF front-end. On top of the stack is a classic 
LC tuned differential VCO. LC tank resonant 
frequency is tuned to 5GHz. Because there is no 
differential inductor in the chosen SiGe BiCMOS 
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Fig. 1.  Schematics of the self-oscillating mixer and LMV. 
 

process, we use two inductors here. Inductors usually 
have much lower Q factor than capacitors, so they are  
first sized to have peak Q value close to the oscillation 
frequency. Then varactor size can be determined 
according to the oscillation frequency, namely (1) 

LC

1
0 =ω .   (1) 

Similarly to the inductor, two varactors are serially 
connected. The varactor is implemented using base-
collector junction, i.e., the SiGe HBT base used as the 
anode and its collector as the cathode. In this 
technology, a MOS varactor is also provided, yet it 
has lower Q and the capacitance value falls quickly 
when the frequency goes beyond 2GHz. Transistors 
Q7 and Q8 form the positive feedback loop or –gm 
resistor to cancel the loss in LC tank. Although 
stacked on other RF blocks, the VCO is still relatively 
independent and can be easily incorporated into a 
phase-locked-loop (PLL). It can also be built as 
quadrature VCO (QVCO), e.g. using parallel QVCO 
structure. Thus, the proposed topology is very flexible. 
Furthermore the emitters of Q7 and Q8 are shorted 
instead of  an IF load as in Fig. 1. This modification 
returns VCO to its original form. Despite the low 
impedance exhibited at the LO frequency, the IF load 
can still degenerate the VCO and increase parasitic 
capacitance seen across the oscillator’s LC tank. The 
output impedance of M3 and M4 will also influence 
the VCO. In additional to that, the down-converted IF 
signal will flow into VCO circuit. With emitter 
terminal shorted, the VCO operates independently 
from the other circuits. The differential IF signal will 
have a virtual ground at the interface and will not 
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 Fig. 2.  Proposed stack topology of RF front-end. 
 
affect VCO performance. That’s the first benefit of 
proposed topology.  

As is known, a single balanced mixer has LO 
products feeding through to the mixer output. This 
will impose a stringent requirement on IF load design 
or the following filter design. Therefore, we replace it 
with a double balanced mixer with Q3~Q6, providing 
40dB LO-IF isolation [5] without the need of a filter. 
In addition, the double balanced topology reduces 
clock feedthrough of the mixer. That comes from 
short connection of outputs of two alternate switching 
transistors: Q3 and Q5, or Q4 and Q6. Another 
modification is that the IF load is split into two parts. 
This improvement makes mixer differential output 
with a virtual ground at VCO-mixer interface. So the 
input impedance of VCO transistors (Q7 and Q8) has 
no influence on the mixer conversion gain. Because 
the IF load is cascode above the mixer and LNA, it 
will reduce the available voltage headroom. So a pair 
of LC tanks are substituted for RC tanks as the IF load. 
The resonant frequencies of the tanks are set to 
600MHz. As we know, if the emitter connection of 
VCO transistors is floating, the voltage is a high 
frequency signal (usually it fluctuates at double of the 
oscillation frequency). This common mode voltage 
will squeeze the headroom of the cascode stages. To 
keep the VCO-mixer interface as a clean constant 
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voltage, a decouple capacitor (C1 in Fig. 2) is added 
to AC short the interface to ground. Mixer transistors 
are sized to have maximum transition frequency at the 
given bias current. 

The stage under the mixer is a differential LNA 
which is composed of Q1 and Q2. Differential 
topology can fit easily into a double balanced mixer. 
And the transistors are sized such that they have 
relatively small base resistance value for the purpose 
of minimum thermal noise. The input RF signal is AC 
coupled to base of Q1 and Q2. The input impedance 
matching is obtained on PCB board because of the 
unpredictable bonding wire inductance. The last stage 
is the reused current mirror. A bipolar current mirror 
is chosen here because it has the advantage of higher 
output impedance and less flicker noise than the 
MOSFET counterparts. 

III. MEASURED RESULTS 

The stacked 5GHz receiver front-end RFIC was 
implemented in a 0.5µm SiGe BiCMOS technology 
with four metal layers. The die is shown in Fig.3.with 
active area of 1.44mm2. The top two inductors belong 
to the VCO LC tank. The tank uses a pair of inductors 
with 887pH with peak Q value of more than 10 at 
4.7GHz. The corresponding varactor was 
implemented using a collector-base diode and has a Q 
value of above 60 at 5GHz. The VCO achieves lower 
than -100dBc/Hz measured phase noise performance 
at 1MHz frequency offset. The measured oscillation 
frequency versus the reverse biased tuning voltage is 
given in Fig. 4.  

The IF tank inductor has 6.35nH inductance and 
occupies relatively large area. They have peak Q 
value at 1.1GHz. The measured differential IF output 
waveform is shown in Fig. 5, indicating a 600MHz IF 
frequency. The measured conversion gain is above 
15dB around 600MHz. The 3dB gain bandwidth is 
measured across 150MHz band, as shown Fig. 6. 
Because LNA and mixer are cascode and share the 
same load, only the combined conversion gain can be 
measured. The measured S11 of the LNA is shown in 
Fig. 7. The maximum match is achieved at 5.4GHz 
with -25dB return loss. Measured P1dB compression 
point is -14dBm given the high voltage supply. The 
receiver sensitivity is measured below -60dBm with 
sinusoid signal from signal generator. Overall 
performance of the receiver front-end RFIC is 
summarized and compared in Table.1. Bear in mind 
that the entire front-end consumes only 3.3mA current 
under a 3.3V supply, leading to a low power 
consumption of only 11mW for a 5GHz receiver. 
Reducing supply voltage further is still possible. 

 

 
Fig. 3.  Die photo of the 5GHz receiver front-end RFIC. 
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Fig. 4.  Measured oscillation frequency versus the reverse 
biasd tuning voltage across the varactor. 
 
 

 
Fig. 5.  600MHz IF output waveform under 5GHz LO and 
5.6GHz RF input signal. 
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Fig. 6.  Measured IF conversion gain centered at 600MHz. 
 
 

 
Fig. 7.  Measured S11 of LNA input. 

IV. CONCLUSION 

In this paper we present a novel topology of stacked 
RF receiver front-end. The proposed low-power 
receiver front-end RFIC was fabricated in a 0.5µm 
SiGe BiCMOS technology. The proposed one-tail 
topology provides better isolations between the 

cascode mixer and VCO, and between LO signal 
domain and IF signal domain as well. The power 
consumption of the receiver RF core is measured as 
3.3mA from a 3.3V supply. The proposed receiver 
topology with one-current tail provides a low-power 
solution for mobile networking and space applications. 
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TABLE I 
SUMMARY AND COMPARISON OF FRONT-END PERFORMANCE 

 [3] [6] [7] This Work 
Technology 0.13µm CMOS 0.8µm SiGe 50GHz fT 0.13µm CMOS 0.5µm SiGe 50GHz fT 
RF frequency(GHz) 1.57 5 5 5 
Phase noise@1MHz [dBc/Hz] -104* No VCO -115* <-100 
Die size(core)[ mm2]  1.5 4** 6.7** 1.4 
Conversion gain[dB] 36*** 29/12*** 33/N.A.*** >15 
1dB compression point[dBm] -31 -36/-17 -21/-4 -14 
S11[dB] N.A. N.A. N.A. -25 
Power dissipation[mW] 5.4 102/90 73.5 11 

 * PLL included   ** dual band transceiver  *** IF to baseband stage included 
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