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Abstract  

The state-of-the-art iiuise figires o f2 .17  dB and 3.0 dB at 5 GHr 
band from monolithic CMOS I,NA’s with 10 mW dissipation on 
thin ( -  20 pin) and Iii)rnial (750pm) substrata are prescntcd. 
ISxceIlcnt Inpui rctiirn loss ( S I ,  ) or -41 dB. high of -R.3 d R m  
and largc llP3 of 0.3 dDin werc also obtaincd. The ehcellenl 
performance 01 thr 1.NA.s is attributed to the methodology wc 
developed. 

Introduction 

High data rate wireless local area networks (LAN) in the 5- 
GHz frequency band have become increasingly popular for 
mobile computing devices such as notebook computers, 
which impose severe demand on low power dissipation to  
extend the battery life. Recently, C-band LNA’s [1-8] with 
low dc power consumptions (<I5 mW) in various 
technologies have been developed and some o f  them are 
summarized in Table I. From this table it clear that CMOS 
integrated circuits, which are receiving much attention due to 
their potential for low cost and the prospect o f  system-level 
integration [9], must equal o r  surpass the low power 
consumptions (-10 mW) und low nois figure (4 dB) of the 
bipolar and GaAs circuits to be competitive with them. 

In this paper, w’e describe 5 GHz band CMOS LNA’s on 
thin substrate (- 20 pm) and normal (750 wm) substrates. It is 
found that the noise figure (2.17 dB) o f  the LNA on the thin 
substrate is better than that (3 dB) o f  the LNA on the normal 
substrate because o f  the reduction o f  substrate noise. Both 
nose figures are the-state-of-the-art values of all CMOS 
LNA’s operating at 5 G H z  band. The excellent performance 
o f  our LNA is attributed to the careful selection o f  device size 
based on the methodology we developed. Our LNA was 
implemented in a standard 0.25 pm CMOS technology 
provided by a coininercial foundry. 

Circui t  design 

The schematic o f  our LNA is shown in Figure I ,  which 
consists o f  a cascode amplifier with a source degenerative 
inductor L,% used for simultaneous input and noise matching. 
Inductors L, and L,  and capacitor c,,,, are used for output 
matchiny. By extending the noise theory for an FET wi/hoirt 
source inductor published by Pucel et ul [ I O ] ,  we have 
derived the noise figure F for an FET wirh source and gate 
inductors. Our results show that F,.,, and RCJ,,( are 

independent of L,y while A‘,,,,, is reduced when L,  is 
introduced. That is, Z,,p, in the Smith chart should follow a 
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constant resistance ( R,,,,, ) circle with decreasin, 0 reactance (x,,,,,) when L, is increased as shown in Fig. 2,  which, to a 
first order approximation, agrees with the published 
experimental data [ I  I ] .  On the other hand, t p  locus o f  the 
complex conjugate o f  the input impedance, Z,, , follows 
roughly a constant reactance curve in a Smith chart when an 
increasing but small L,y is introduced as is also shown in Fig. 
2. The two loci intercept at some point, which represents for 
the simultaneous impedance and noise matching. If only a 
single input matching component L ,  is desired. then Rip, 
has to be 50 n for simultaneously impedance and noise 
matching as is also shown in Fig. 2. Therefore a method o f  
designing R,,o, to a desired value by the selection of 
transistor device size and transconductance is required. 
According to Pucel’s FET noise model [ IO] ,  R,>,,, is given by 

where R, and R, are gate and source parasitic resistances, 
respectively; g,, is the transconductance; C,, is gate to source 
capacitance; CO is the radian frequency; and ti,, K, and ti, are 
he no’se coe fcients defined by Pucel e/ a/ [IO]. By plotting Id% +dbG ~ vs (Ri, + R,\)g,, , a straight line 

should be obtained. From the slope and the intercept of this 
line, K ,  and K,. can be determined, respectively. Once 
K ,  and K ,  are known R,,,,, can be designed to the desired 
value by the selection of suitable device size (C,\) and bias 
(gJ. 

Experimental  Results 

The LNA were fabricated in a standard 0.25 pm CMOS 
mixed-mode process provided by a commercial foundry g,,, 
and c,$ were carefully selected according to ( I )  t o  make 
R,, as close to 50 as possible. L,s is chosen so that 
wTL,y = 50 n for input matching. Fig. 3 shows a die photo 
o f  the LNA. This circuit is operated with VDD=2 V.  
The measured characteristics of N F  versus frequency for the 
LNA at I O  mW are shown in Fig. 4. Minimum noise figures 
of 2.17 and 3.0 d B  are obtained around the desired frequency 
5.25 CHz for the LNA’s on the thin and normal substrates, 
respectively. To our knowledge. these are the lowest noise 
figures reported to date of all on-chip matched CMOS LNA’s 
operating in 5-GHz band with power consumptions 5 12 mW. 
Our results unequivocally demonstrate that low noise figures 
and low power consumptions can be achieved simultaneously 
with on-chip input and output matching networks in CMOS 
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technology at 5 GHz band. The lower noise figure achieved 
by the LNA on a thinner substrate is mainly due t o  reduction 
of substrate loss of  the gate inductor. Separate measurement 
of the noise figures on the gate inductor shows a 0.6 dB 
reduction of noise figure after substrate thinning. Fi8.S shows 
the characteristics of  input return loss (SI, versus frequency 
for the LNA. Minimuin return losses o f 4 5  d B  at 5.1 GHz 
(thin substrate) and -30 d B  at 5.3 GHz (normal substrate) are 
achieved as a result from the right choice of L,s .  T o  our 
knowledge, the value -45 dB is the lowest input return loss 
attained for all silicon based LNA's. The in-band (5.15-5.35 
GHr) return losses are all below -18 dB. indicating a very 
good matching even over the band. The measured transducer 
gain ( s2, ) appears in Fig.6. The gain has peak values of I I .2 
dB and 10 dB for thin and normal substrates, respectively. 
Clearly, SZl over the band of interest improves after substrate 
thinning. One figure of merit is the ratio of gain to dc-power- 
consumption [ I ] .  The values of gain-to-dc-power- 
consumption attained by this CMOS LNA are 1.12 (thin 
substrate) and 1.0 (norinal substrate) dBimW. As can be seen 
clearly in Table I. the ratios of  gain to dc-power-consumption 
obtained are comparable to other state of the a n  C-band 
LNA's shown in Table 1. The reverse isolation (Fig.7) for the 
LNA is quite good with more than 35 d B  of isolation for each 
bias. This is due to the use o f t h e  cascode configuration. The 
measured PiitH and l l f 3  data are shown in Fig. 8. An input 
Picin o f -  -8.3 dBm and an lIP3 of - 0.3 dBm were obtained. 
These results demonstrate that high dynamic range and good 
linearity have also been achieved. A summary of the 
measured amplifier characteristics is also included in Table 1. 
Brederlow e/ nl [lo] has proposed a figure of merit that takes 
noise figure, IIP3, dc-power-consumption, gain and 
frequency into account as  follows 

From Table I ,  it is clear the FOMl.,,>.4 of our CMOS LNA 
are the best reported values among the 5 G H z  band CMOS 
LNA's and are better than or comparable to some of  other 
state-of-art C-bnad LNA's using SiGe HBT or  GaAs 
MESFET technologies. 

Conclusion 

A method of designing R,>,,, to a desired value by the 
selection of transistor device size and transconductance is 
proposed. By setting R,,,,, -50 R, we have demonstrated a 5 
GHz-band low noise amplifier in a standard 0.25 pm CMOS 
process, which is suitable as a first amplifier in a 
HIPERLAN2 or IEEE 802.1 l a  receiver. This single-stage 
LNA showed a 2 .17 d B  NF(thin substrate) and a 3 .0  dB N F  
(normal substrate) at IO m W  with minimum input return 
losses of -45 d B  and-30 dB, respectively. No off-chip 
components are required for impedance matching. To our 
knowledge, both LNA's exhibit the state-of-the-an noise 
performance at 5 GHr band for all CMOS LNA's with on- 
chip input and output impedance matching networks under 

low power consumption ( 5 12mW). From both a 
performance standpoint and a cost standpoint, these 
experimental results show that C M O S  is very competitive 
with silicon bipolar and CaAs technologies. 
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* 
Fig. I .  The schematic of the LNA. Fig. 3. The die photo of the LNA 
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Fig. 2. The loci of Zopt and Zin* in the Smith chart with 
increasing Lg and Ls. 

Fig. 4. The  characteristics of N F  versus frequency. 
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Fig. 5 .  The measured characteristics of input return loss (S, , )  
versus frequency 
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Fig. 6. The measured transducer gain (S?, )  
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Fig. 7. The ineasured isolation (SI?) 
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8. The ineasured compression point input Plan and llP3. 

Table I .  Summarv ofstate-of-the-art C-band LNA's 
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