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Abstract: A LNA with a novel variable gain solution is presented. Compared with the conventional variable gain so—

lutions of LN A, which have more noise degradations when in low gain mode, this solution gives about 25dB variable

gain range in 3dB steps, which would cause ultra low noise figure degradation by 0.3~ 0. 5dB. In addition, extra

power consumption is not needed by this solution compared with other solutions.
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1 Introduction

In a typical RF receiver, the low noise amplifi-
er (LNA) should have low noise figure to increase
sensitivity of the receivers and high linearity to
prevent interference from undesired adjacent-chan-
nel signals. To increase dynamic range of the re-
ceivers and to reduce linearity requirement for the
downconversion mixers, the LNA should provide
variable gain. When the RF input power is large,

the gain of the LNA should be reduced.

2 Conventional variable gain solu-
tions for LNA

There are some variable gain solutions for
LNA in published literatures. Current splitting

gain-control technique and resistor chain gain-con-
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trol technique are widely used.

LNA gain can be controlled in discrete steps
by current-splitting technique as shown in Fig. I
(a)'"". Transistors Q1, Q2, and Q3, form a com-
mon-emitter transconductance stage which con-
verts RF input voltage into current. Transistor
pairs Q35-Q6 and Q7-Q8 form current steering
switches. In the high gain mode, all output current
of the transconductance stage is injected into node
X. In the low gain mode, the output currents of Q2
and Q3 are dumped to the power supply. This re-
duces LNA gain. In medium gain mode, only output
current of Q3 is dumped to the power supply. In
this gain-control scheme, the gain step between
successive gain modes is quite large in order to get
wide dynamic range. Although it is quite easy to
implement this gain-control scheme, some disad-
vantages prevent it from realization. One is that the

LNA employing current-splitting technique has
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high noise figure in low gain mode because of
dumping away some of the signal currents at out-
put. In some applications, however, little noise fig—
ure degradation is allowed in the LNA low gain
mode. T he reason is the interference levels increase
when the desired signal power increases'”. To have
large signalto-noise-plus-interference ratio
(SINR), the noise figure of the LN A should remain
low to allow margin for handling interference. An-
other disadvantage is that it consumes almost twice

the current of the LNA without gain control cir-

cuits.
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Fig. 1 Conventional variable gain solutions for

LNA (a) Current splitting gain control technique;

(b) Resistor chain gain control technique

A gain—control technique with less noise
figure degradation in low gain mode is shown in
Fig. 1 (b)"'. Resistors R1, R2, and R3 form a resis—
tor chain. Inductor L1 and capacitor Cl form an
impedance transformation network to transform

the resistance at node X to match that of the load

resistor (not shown in Fig.1 (b)). In high gain
mode, the voltage at node Bl is set to an appropri-
ate bias voltage while Q3 and Q4 are disabled.

Hence, transistor Q2 functions as cascode transis—
tor of the transconductance stage. T he gain of the
LNA is the highest in this mode because the output
current is injected into node X, which has the high-
est resistance in the resistor chain. The medium
gain is realized by disabling Q2 and Q4, and letting
Q3 be the cascode transistor to inject output cur—
rent into node Y.In low gain mode. output current
is injected into node Z, which has the lowest resis—
tance in the resistor chain. Since both signal and
noise currents of the transconductance stage are in—
jected into the same node, the output SNR and the
noise figure of the LNA are degraded only slightly
in low gain mode. One disadvantage of this scheme
is that the resistor chain reduces voltage headroom
and increases the supply voltage about 1V provided
RLOADmax= 200Q and IDC= 5mA, which is nec—
essary for sufficient gain and linearity'”. Another
disadvantage is that the gain step of the LNA is
sensitive to parasitic impedance in the resistor
chain and the impedance transformation net-
work'”. The amount of noise figure degradation in
this scheme is about 2dB when the gain reduces

from 16dB to 4dB.

3 Proposed variable gain solution
for LNA

To acquire wide variable gain range and mini-
mum noise figure degradation with no extra power
consumption, a novel variable gain solution for
LNA is proposed as shown in Fig.2. Common
source configuration with inductive degeneration is
used as transconductance stage. Input device and
cascode device are split into five different sizes of
device pairs, such as M1/M2, M3/M4, M5/M6,
M7/M8, and M9/M 10. The gates of cascode de-
vices M4, M6, M8, and M 10 are connected to the
gate of M2 through four switches M11~ M14,

which are large size of devices to reduce on-resis—
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tance. In addition, four grounded large resistors R1
~ R4 are connected to the gates of M4, M6, M8,
and M 10. The drains of the five cascode MOSFETs
are connected to power supply through an on-chip
spiral inductor L1 and capacitor Cl1. When Bl~ B4
are set to digital voltage 07, the four switches are
turned off and the four correspondent cascode de-
vices  gates are set to 07 by the four grounded re—
sistors. No DC current flows through the four sig—
nal paths and the gain of the LNA is reduced to the
minimum. When Bl~ B4 are set to digital voltage
17, the four switches are turned on and the four
correspondent cascode devices’ gates are set to the
same bias voltage as M 2. There is DC current flow -
ing through all signal paths and the gain of the
LNA is the highest at that time. If Bl~ B4 are set
to different digital voltage combinations, a variable
gain range with different gain steps is achieved.
The gain step is dependent on the device size ratio,
which is 1 :

3dB step variable gain. No matter what state the

12224 8in this paper to easily get

switches are in, all the input devices are in satura-
tion so that the input impedance match would not
be affected by the states of the switches’. To meet
the requirement of output impedance match, capaci-
tance C1l is somewhat large to reduce capacitance
variation of node X due to the switches’ on and
off. As DC current in all signal paths is used for
amplification, no extra power consumption is need-
ed as the solution in Fig. 1(a) . Inductor L1 is used
to reduce the supply voltage. When the switches
are on, the signalto-noise ratio (SNR) degradation
in all these turned-on signal paths is the same so
that the overall SNR degradation equals to that of
any turned-on signal path. When the switches are
off, the turned-off signal paths are high impedance
paths whose noise contribution is much less than
the input noise so that SNR degradation in turned-
off signal paths is small enough to be neglected and
the overall SNR degradation still equals to that of
any turned-on signal path. This is the principle
that the proposed variable gain solution can achieve

ultra low noise figure degradation in low gain
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Fig. 2
LNA

Proposed novel variable gain solution for

4 Experimental results

To validate the above analysis, experiment is
carried out under DONGBU 0. 25um mixed-signal
CMOS process. The LNA is designed for 1. 45GHz
digital audio broadcast (DAB) application. The cir-
cuit draws maximum current 4. 85mA from 1.5V
supply voltage. When Bl~ B4 are set to a set of ap-
propriate combinations of digital voltage ©” and

17, 3dB step variable gain can be achieved in 25dB
variable gain range. Figure 3(a), (b), (¢).and (d)
give experimental results of forward gain (S21),in-
put return loss (Su). and noise figure (NF), re-
spectively, under the same Bl~ B4 combinations.
From these curves, it is easily seen that the NF of
LNA changes from 1.4dB to 1. 9dB when the gain
changes from 20dB to 2dB. NF increases abruptly
when the LNA becomes loss. As the analysis men-
tioned above, the input match is not evidently af-
fected by the gain variation. The power consump-
tion also decreases with the decrease of LNA gain.
The experimental results testify the advantages of
proposed variable gain solution for LNA over the

conventional solutions.
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5 Conclusion

A novel variable gain solution for LNA is in-
troduced and discussed. Analysis and experimental
results show that the LNA employing this variable
gain solution can achieve a wide variable gain range

of 25dB in 3dB step. The maximum power con-
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Fig. 3 Experimental results of the proposed variable gain solution

(c)Noise figure NF{(1~4); (d)Noise figure NF(5~8)
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