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Abstract - Low noise amplifier(LNA) in many wireless 
and wireline communication systems must have low noise, 
sufcient gain and high linearity performance. This paper 
presents a novel IP3 boosting technique using Feedforward 
Distortion CanceUation(FDC) method. Through this 
technique, the IIP3 of LNA can be boosted from +SdBm, 
which is reported in most public literature to date, to 
+2ldBm, which is firstly reported to this day, without any 
noise and gain degradation. In addition, noise figure can be 
reduced about 0.4dB and gain increased 0.4dB due to the 
additional gain path. 

I. INTRODUCnON 

Low noise amplifier(LNA) in many wireless and 
wireline communication systems, such as WLAN and 
CDMA, must have low noise, sufficient gain and high 
linearity performance[l]. To date, LNA designers always 
adopt two mode design strategy to achieve all the above 
goals, one is high gain, low noise but low linearity for 
small desired signal with small interference, another is 
low gain, high linearity but high noise for large desired 
signal with large interference. It seems high linearity must 
sacrifice low noise. But it is well known the situation that 
small desired signal with large interference always occurs 
in communication systems[2]. That means LNA must 
achieve high linearity and low noise simultaneously for 
these demanding systems. 

To accomplish this, Ding and ,Harjani propose a 
harmonic distortion technique[3]. But actually, this 
technique also sacrifice noise because of the auxiliary 
LNA takes away almost half of the input signal from 
antenna and dumps them to VDD instead of output node. 
That means the noise figure is degraded about 3dB,which 
is unacceptable for a LNA. 

This paper firstly proposes a Feedforward Distortion 
Cancellation(FDC) technique to achieve high linearity 
LNA, which has +2ldBm IIP3, without any noise and 
gain degradation. 

The principle of FDC technique is illustrated in section 
II. Then the details of circuit design is presented in 
section III. Section IV gives out the experimental results 
of a 5GHz LNA design in which this technique is applied. 
Finally, section V gives a brief summary. 

II. PRINCIPLE OF FEEDFORWARD DISTORTION 
CANCELLA~ON TECHNIQ~ 

Theoretically, any small signal amplifiers, such as LNA, 
manifest nonlinearity characteristic, which can be 
described with power series as following: 

Yauf = tQ+a*vm+a2v,2+a,v.3+. (1) 

in which + is the DC offset, a, is the small signal gain, 
and a3 is the most important third order distortion 
coefficient. From MOSFET physical model analysis, it is 
well known that al is negative while a3 is positive for 
common source configuration, which is the most 
prevalent LNA topology. In addition, the following 
relation exist: 

l=,l>>l=3l (2) 

From the above expressions, an idea naturally comes 
into mind. If the original LNA output, vOu.t, multiplied by 
vd, then we get a&,‘, which has the same order as a,~,,,? 
while maintaining reverse sign. If a proper scaling down is 
done to alvip, then an additional third order component is 
acquired, which has the same amplitude and reverse sign 
compared to a,~,~. Thus this additional third order 
component can be used to cancel the original third order 
distortion. A high linearity LNA is accomplished due to 
this distortion cancellation. 

To realize this high linearity LNA, the original LNA 
must be divided into two signal path, which is shown in 
Fig. 1. One is the same as the original LNA signal path, 
another feedforward signal path is used to generate 
additional third order component, which uses two coupler 
to do alv,’ component scaling down and MOS multiplier 
to do multiplication. Two time delayer is exploited to 
compensate the time delay difference between two signal 
path. Due to equation (2), the coupler ratio is quite large 
so that only less than twentieth signal of v. and Y.“, is 
coupled to the additional feedforward signal path. That 
means the additional signal path almost contributes no 
noise to the whole LNA even this path has much loss. 
That is why the proposed LNA architecture has high 
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linearity while maintaining low noise and high gain 
characteristic. Because of its very little noise, if this path 
has some gain, the whole gain and noise figure will be 
improved for this additional gain. This is quite an 
interesting result which will be shown later on. 

Fig. 1. IP3 boosting technique using FIX method. 

III. DETAILS ~FCIRCLIITDES~GN 

Although the idea of feedforward distortion 
cancellation technique seems simple, great care must be 
taken when realizing it with practical circuits for the 
demanding requirements of time delay matching and 
proper scaling down coupler coefficient. The formal 
determines the phase property of the generated third order 
component and the latter determines the amplitude 
property. 

fig. 2. Simplified schematic of IP3 boosting technique. 

The original LNA design consideration is the same as 
traditional LNA. To simplify the circuit and minimize 
noise, two large resistive dividers are used as couplers. 
Common source amplifiers with unit gain and inductive 
load are used as time delayers. It is critical to optimize the 

delay constant and coupler coefficient in order to achieve 
best cancellation performance. The simplified schematic 
of this high linear LNA is shown in Fig. 2. 

The MOSFET multiplier is shown. The original LNA 
output is coupled to M2, which acts as a source follower. 
The coupled signal of vin is fed to Ml, which is in 
saturation. Thus the following ac signal relations exit: 

v.3, = “ovt (4) 

yin and vat is referred to the original LNA input and 
output signal. Due to the channel length modulation effect 
of Ml, the output signal current of the multiplier is: 

I, = lh1(v,-v3*(1+kT~) (5) 

PM1 = Pcc,xw/2L (6) 

b is channel length modulation coefficient. Obviously 
from equation (5), an additional third order component of 
v, is generated through v~‘v,~ term, which is adjusted by 
time delayer and coupler to cancel the third order 
nonlinearity of original LNA which is outphase to it. If the 
original LNA output voltage is described as equation (1) 
The original LNA signal current and multiplier signal 
current is re-formulated: 

I,, = bo+blvi,+bzv,*+b~vd+. (7) 

As just less than twentieth of v.,,, is coupled to multiplier, 
vow can be approximated by a,“,,, without losing accuracy. 
After processing these expressions, a simplified formula 
of I, is achieved: 

I, = h,l (a,VR-2a,VthVd+a~Y~*V~~ (8) 

L =L1L, (9) 
Because %-a. have the same sign with bo-b., respectively, 
thus the first order component of total current is increased 
by fi&ahalvtizv& term, the thud order distortion is 
decreased by ~,,,Jaalv~3/L term. If the coupler coefficient 
L and time delay are properly chosen, the third order 
distortion can be totally cancelled while maintaining an 
additional gain due to ~hl,halv~2v,JL term. From the 
analysis, we can not only achieve high linearity without 
noise and gain degradation, but also expect a little 
improvement in noise and gain performance. 

Finally, a side effect of this technique should be taken 
care of. Analysis above can be valid only when the input 
signal is not too large, such as less than -2CdBm. If the 
input signal is toa large, v.~ can’t be approximated by 
a,“, only. Because QV,.’ multiplied by vm2 can derive a 
fifth order term. This term would increases with input 
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power at a slope of 5, manifest itself and dominate the 
distortion when the signal is too large. However, worry 
about this side effect is not necessary. When the signal is 
larger than -2OdBm, low noise performance of LNA is no 
longer needed and the kaditional signal dumping 
method[4] can be used to resolve this difficulty. 

IV. EXPERIMENTAL R~suus ANALYSIS 

To validate all the analysis above, a 5GHz LNA for 
WLAN application is designed with UMC0.25um CMOS 
technology. All the experiments are carried out under 
Agilent ADS software. 

freq,.GHz 

Fig.3. Spectrum of two tone test at input power-40dBm 

In order to get best cancellation effect, optimization is 
carried out on delay time and coupler coefficient when the 
input signal is AOdBm. The input two tones are 5.23GHz 
and 5.25GHz, respectively. Fig. 3 shows the output 

Fig. 4. UP3 extrapolation when input power sweeping. 

spectrum of the LNA after IP3 boosting. It is -25.64dBm 
at 5.23GHz and -153.98dBm at 5.21GHz. The 
extrapolation intercept point of fist order and third order 
curve is +Zl.l8dBm. This is a firstly reported LNA in 
public literature which has an HP3 beyond +20dBm. As 
the input power sweeps from -80dBm to OdBm, cuwes of 
first order and third order components versus input power 

are plotted in Fig. 4. As the optimization is just done to - 
40dBm input signal, this plot acquires +16dBm IIP3, 
which is still the highest IIP3 achieved at about l.2dB 
noise figure. Note the sharply increase of third order 
component after -2OdBm, it is due to the fifth order term 
stated previously. 

Fig. 5. (a) NF (b) S21 

Fig. 5(a) shows the NF of the whole circuit. As stated 
previously, only less than twentieth input signal and 
output signal of the original LNA is coupled to the 
feedforward distortion generation path, almost no noise 
contribution of this additional signal path. The NF is 
1.22dB while it is about 1.7dB before linearization. It is 
because the feedforward distortion generation path 
provide about 0.4dB gain while contributes much less 
noise so that the overall output SNR and NF is improved 
by 0.4dB. This is quite an interesting result when you 
thii about people always sacrifice noise to achieve 
linearity in so many years. Fig. 5(b) shows the power gain 
of this linear LNA. It has about 17.4dB gain, which is also 
larger than most other high linearity LNAs although their 
IIP3 is much lower than this one. 

Other experimental results are: sll and ~22 both are 
about -23dB, ~12 is about -32dB. MuPrime is always 
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greater than 2 at the whole frequency range and about 5 at 
the working frequency band. 

V. CONCLUSDN 

This paper firstly proposes a novel IF’3 boosting 
technique using Feedforward Distortion Cancellation 
(FDC) method. This technique can boost IE’3 of LNA 
from +5dBm to +16-+21dBm without any noise and gain 
degradations. In addition, the noise figure of LNA is 
reduced about 0.4dB because the auxiliary signal path 
provides about O&B gain and much less noise. The 
whole LNA fmally has 17.4dB power gain and 1.22dB 
noise figure while maintaining +16-+2ldBm IIE’3. 
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