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24.6  Noise Cancelling in Wideband CMOS LNAs

F. Bruccoleri, E.A.M. Klumperink, B. Nauta.

MESA+ Research Institute, University of Twente,
Enschede, The Netherlands.

Wideband low-noise amplifiers (LNAs) are used in receivers pro-
cessing several signal channels such as TV cable modem, multi-
band mobile terminals and base stations. High sensitivity appli-
cations require sufficient gain, good isolation and a noise figure
(NF=10-log,(F)) below 3dB over a wide frequency range.
Moreover, source impedance matching (i.e. Zy=Rs) is usually
wanted to limit reflections on a cable or to avoid alterations of
the characteristics of the RF filter preceding the LNA. LNAs
exploiting an inductor achieve such requirements, but only in a
narrow frequency band around resonance. Little is found in lit-
erature about wideband LNAs in CMOS [1,2].

Elementary wideband amplifiers such as the resistively termi-
nated common-source (Figure 24.6.1 a), the common-gate
(Figure 24.6.1 b), the common-source shunt-feedback (Figure
24.6.1 c) stages and the ones found in Reference 2 (Figure 24.6.1
d and e) show a severe trade-off between their F and the match-
ing requirement Z,=R;, failing to achieve sub-3dB NF. In these
circuits, the impedance-matching device (indicated with sub-
script “i”) is constrained by the matching requirement (i.e.
g..=1/Rs or R=Ry) to generate as much equivalent input noise as
that of a resistance equal to NEF-RS (NEF=yg,/g,>1 for a
MOST and NEF=1 for a resistor). This renders F>1+NEF> 2, so
NF>3dB. Global negative feedback can break the trade-off
between source match and F. In principle, transformer feedback
offers the best performance [3]. In practice, lossy feedback is
often used due to relatively poor performance of wideband trans-
formers in CMOS. The LNA, in Figure 24.6.1 f for instance, pro-
vides a matched input impedance Zj=R,/(1-A.)=Rg
(Ac;=Vour /Viy) while contributing an equivalent input noise cur-
rent (A -1) times smaller than that of Rs. Sub-3dB NF is then
possible provided the contribution of the MOST is small.
However, sufficient gain at GHz frequencies is often not avail-
able OR multiple cascaded gain stages produce instability prob-
lems (e.g.: 3 poles in Figure 24.6.1 ). Next, frequency compensa-
tion networks can complicate design trade-offs, limiting the
wideband performance of the amplifier [1].

Here, a noise-cancelling technique allows wideband sub-3dB NF
while simultaneously achieving source match without needing
global feedback. Thus, instability risks are relaxed. In Figure
24.6.2, the noise-cancelling principle is applied to the common
source shunt-feedback stage M1-R with input impedance
Zn=1/g..,. The noise current output from the impedance matching
device M1, I, ,/(1+g,,Ry), flows through resistors R and R (Figure
24.6.2, dashed line), leading to noise voltages
Vin=Rsl, /(1+g,:Re) and Vy,,=(R+Ry)I, /(1+g,,Rs) at nodes X and
Y that are fully correlated. Vy,, and Vy,, instantaneously have
equal sign while signals at the same nodes have opposite sign
(i.e. negative gain). This “difference in sign” makes it possible to
cancel the output noise contribution of M1 while adding the sig-
nals. This is done, introducing a feed-forward path from node X
via amplifier “A” and from node Y via an adder rendering
Vour=A-V¢+Vy. Signal components A-Vyg, and Vyg,=(1-g,,R)Vyg,
add in-phase at the output for g, R>1. In contrast, the output
noise due to M1, Voyp,,=A-Vy,,+Vy,,, is cancelled at the negative
gain A=-Vy./Vy,,=-(1+R/Ry) regardless g,, (i.e. Z;). Cancelling is
independent on any impedance from node Y to ground (i.e. g;,) as
it loads the two paths equally. As M1 contributes no output noise,
it does not affect NF, so the trade-off with Z,=Rs brakes. Now,

the unmatched amplifier “A” mainly determines the LNA F. In
earlier work, a limited form of noise cancellation (Figure 24.6.1
d) is observed Reference [2]. However, here this property is fully
exploited by overcoming the limitation in Reference [2] and mak-
ing it possible to achieve a wideband sub-3dB NF.

The transistor implementation of Figure 24.6.2 is shown in
Figure 24.6.3. A CMOS inverter M1a-M1b replaces M1, provid-
ing larger g./I,. To do so, capacitor C1 grounds the source of
pMOST M1b. A two-inputs single-output circuit M2-M3 (dashed
line) implements both the amplifier “A” and the “adder”. The
common source M2-M3 gain is A=-g,,/g.,;, while M3 acts also as
a voltage follower from node Y to the output. The gate of M3 is
ac-coupled to node Y via the 2MHz high-pass filter C2-R2.
Transistor M2a is cascoded to increase reverse isolation and
reduce the Miller effect. The matching device M1a-M1b output
noise is then zero for 1Al=g,,/g.,=1+R/Rs. The noise factor is
F=1+1/2Ap)+NEF(2-3A:+A:)/(g,..RsAv?). F decreases increas-
ing g..,-Rs until it is limited by R to F,,=1+1/(2A;). For Ay=-5,
NEF=1.4 and g,,-Rs=4.7 yield NF=2.04dB and NF,,=0.41dB.

In practice, noise cancelling is affected by: (a) device parameter
variations due to process-spread and (b) parasitic capacitances:

(a) The cancelling is robust to process-spread. The reason is
twofold. First, the cancelling condition g,,/g,;=1+R/Rgs in
independent on gm1 and the gd of any MOST in the sig-
nal path as well. Second, for a cancelling error
e=I-g,.,/g.s+1+R/Rs1 <1, the output noise power of M1
increases as €’<<1. Montecarlo simulations predict a
4-6,y<0.18dB at 1GHz.

(b) Due to the input capacitance CA (Figure 24.6.2), the noise
current of M1 flows into a complex impedance
Rs//(1/GwCA)). The latter renders different frequency-
dependent phase and amplitude variations for the noise
voltage Vy,, and Vy,,, leading to a lower degree of can-
celling as frequency increases. The noise factor can be
approximated by F(f)= 1+(F-1)(1+(f/f))¥4) +(NEF/4)-(f/f,)
with f,=1/(2nC,Ry). In this design with g,,-R=4.7, Ay=-5,
C,=0.9pF and R=50Q, the predicted increase of NF is
only 0.11dB at 1GHz and 0.42dB at 2GHz.

The LNA in Figure 24.6.3 uses 0.25um CMOS for 2dB wideband
NF, while driving the output bond pad capacitance C.,,=0.2pF
load. Noise coupled via the input/output bond pad, the MOS gate
resistance, substrate resistance and the capacitance of the cas-
code node is minimized by layout. Figure 24.6.4 shows measured
S-parameters (on-wafer). The gain A=V, /Vs is 13.7dB with a
—3dB bandwidth between 2MHz and 1.6GHz and S, is <-36dB in
0.01-1.8GHz. NF and IIPs are measured with the die glued to a
ceramic substrate and connected to 50Q lines. Figure 24.6.5
shows measured NF;,,, < 2dB over in 0.25-1.1GHz and < 2.4dB
over in 0.15-2GHz matching simulations and hand calculations.
Figure 24.6.6 summarizes measurements.
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Figure 24.6.2: Noise cancelling applied to the amplifier of Figure 24.6.1¢ (biasing
Figure 24.6.1: Common wideband CMOS LNAs (biasing not shown). not shown).
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Figure 24.6.3: Schematic of the noise-cancelling wideband LNA. Figure 24.6.4: Measured S, S,,, S, and A;; = Voy/Vs (Cyonp = Crip = 0.2pF).
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Figure 24.6.5: Measured/simulated/hand-calculated 502 NF. Figure 24.6.6: Summary of measurements.
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Figure 24.6.1: Common wideband CMOS LNAs (biasing not shown).
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Figure 24.6.2: Noise cancelling applied to the amplifier of Figure 24.6.1c¢ (biasing not shown).
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Figure 24.6.3: Schematic of the noise-cancelling wideband LNA.
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Figure 24.6.4: Measured S,,, S,,, S,, and A; = Vi/Vs (C.on = Crrp = 0.2pF).
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Figure 24.6.5: Measured/simulated/hand-calculated 50Q NF.
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Figure 24.6.6: Summary of measurements.
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