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Abstract: A two-stage monolithic low noise amplifier is developed for satellite communication applications,using a

0. 5pm enhancement PHEMT technology. The on-chip matched amplifier employs lumped elements to reduce the

circuit size,and shows a 50Q noise figure less than 0.9dB, gain greater than 26dB,and return loss less than —10dB

in the S-C band range of 3.5 to 4. 3GHz. The noise figure obtained here is the best result ever reported to date of

an MMIC LNA with a gain of more than 20dB for the S-C band frequency range. It is attributed to the low noise

performance of the enhancement PHEMT transistor and minimized parasitic resistance of the input match net-

work by a common series source inductor and a unique divided resistance at the drain.
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1 Introduction

Nowadays, the higher data rate requirement of
the wireless communication systems, such as satellite
communication systems, wireless LANs, and smart
antennas, is pushing communication carrier fre-
quencies from L to C band. These systems require
low noise performance to deliver high speed data
between RF ends and base band computing sys-
tems. The bit error rate is mainly limited by the
noise performance of the RF receiver. At the
same time, because the received carrier is very
weak for a satellite communication system, the
signal must be magnified enough to decrease the
following IF amplifier’ s pressure. Therefore, an
extremely low noise figure less than 1. 0dB and a
high gain of more than 25dB are required for an
outstanding satellite receiver system. The first
stage of a receiver is a low noise amplifier, whose
main function is to provide enough gain to over-
come the noise of subsequent stages while adding
as little noise as possible to the received signals.

Several monolithic low noise amplifiers have
been reported for S to C band applications using
GaAs PHEMT, MESFET, and HBT technolo-
[1~4]

gies . The noise figure of an LNA is deter-
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mined by the input matching network’s parasitic
resistance, the noise characteristics of the tran-
sistor,and the first stage’s gain. For its excellent
noise and gain properties, a PHEMT is the ideal
candidate for fabricating a low noise amplifier.
Enhancement PHEMTs have been greatly re-
searched in wireless communication system appli-
cations because they have the trait of single power
supply operation while keeping the features of the
low noise performance and high power gain™'.
The LNA reported in this paper was designed for
the application of an S-C band high speed satellite
communication system. The principal design ob-
jective was a gain of over 25dB,a noise figure less
than 1. 0dB, and an input/output return loss less
than — 10dB at 3. 5~4.3GHz. The power supply
was 3V.,and DC power dissipation was limited to
150mW. The fully monolithic LNA presented in
this paper achieved a noise figure below 0.9dB
between 3.5 and 4. 3GHz with a high associated
gain of more than 26dB using enhancement
PHEMT technology with a gate-length of 0. 5pm.
We believed that our noise figure is the best result ev-
er reported of an MMIC LNA with a gain of more
than 20dB for the S-C band frequency range. The cir-
cuit used a two-stage common source topology. A
single spiral inductor as small as 1. 55nH in the in-
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put matching element contributed the main para-
sitic resistance to keep the noise down.

2 Device selection

In order to achieve a super-low noise figure,
the amplifier used an enhancement PHEMT as the
active element, which employed the divided volt-
age scheme for single supply operation.

To determine the width of the transistor,sev-
eral transistors with different gate widths were
chosen. Figure 1 shows the relationship between
minimum noise and frequency for different gate
widths (The 0425 means that the gate width is 4 X
25pm) . Each transistor was biased at Vgs =0.45V
and Vps = 2.0V. From the figure, 0225, 0250, and
0425 have lower minimum noise figures than 0825
and 0450. But the gain of 0225, 0250, and 0425 is
less than 8dB at 4GHz, while the 0825 and 0450
transistors have a maximum gain of more than
13dB at 4GHz. To achieve high gain while maintai-
ning low noise, transistor 0825(200.m gate width) was
chosen for the active element in the circuit.

NFmin/dB

wlis
25 3.0 35 4.0 45 5.0 5.5
fIGHz

Fig. 1 Relationship of NFmin and frequency

3 Circuit design

The two-stage common source amplifier’ s
operation with a 3V power supply was designed
with on-chip input and output matching net-
works. One of the most important amplifier design
criteria is unconditional stability at any frequency
and at any source and load conditions. Because the
scattering parameters of the selected enhancement
PHEMT transistor instability below
10GHz, a series feedback inductor at the source

revealed

lead was introduced to improve the amplifier’s
stability. The feedback inductor provides several
advantages for the low noise amplifier design. In-
ductive reactance at the source lead increases the

real part of the transistor’s gate input impedance.
Thus a source inductor with a larger value can im-
prove the circuit stability quickly. At the same
time, the inductor affects the input impedance,
optimum noise match impedance,and gain great-
ly. Lehmann has reported that S;; is altered by
both the source feedback inductor and the output
load impedance, whereas S, is unaffected by the
output load impedance and only varies with the
feedback inductor'®’ . Because the noise figure of
the amplifier is mainly determined by the input
matching network’s parasitic resistance, the noise
characteristics of the transistor, and the first
stage’s gain, the input matching network, which
contains only one small series inductor to mini-
mize the parasitic resistance, is severely needed.
Regulating the values of the series feedback in-
ductor and load impedance, the input impedance
and the optimum noise match impedance can be
situated on a 50() resistance circle on a Smith
Chart. But the result is depressed because a large
series source inductor is needed to stabilize the
circuit. This larger inductor reduces the first stage
gain under 7dB, which will affect the whole gain
and noise performance badly. Choi reported a gate
width optimization technology,using a wider gate
to reduce the input impedance'™ . But the DC pow-
er consumption would be unacceptable with this
approach. To overcome this inconsistency,a small
divided resistance at the drain lead after a medi-
um inductance was introduced to increase the sta-
bility of the circuit while maintaining the low
noise performance. After carefully regulating the
series inductor and load impedance,both the input
impedance and the optimum noise match imped-
ance were situated on a 50Q) resistance circle in
the Smith Chart. Figure 2 shows that S,, and S1;
lic on a 50Q resistance circle in Smith Chart at
4GHz when the source inductor is 0.35nH and the
load impedance has suitable values. It also shows
that S, and S;; are symmetrical about the pure
resistance line of the Smith Chart. From this anal-
ysis, we find that a single 1.55nH series inductor
at the gate lead can make the optimum noise and
conjugated input impedance match.

The second stage also uses an 8 X 25pm
PHEMT with the same bias conditions as the first
stage for minimizing DC power dissipation. A
short microstrip was used to replace the 0.35nH
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Fig. 2 Sop and Sy values at 4GHz with 0.35nH
source inductor

source inductor. A schematic diagram of the two-
stage monolithic amplifier is shown in Fig. 3.
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Fig. 3 Schematic circuit of the LNA

The circuit was fabricated using a 0. 5m gate
length low noise enhancement PHEMT, as shown
in Fig. 4. To achieve high quality factors, an in-
ductor was implemented using two metal layers.
All of the circuit elements were formed on 100pm
GaAs substrate. The wafer was processed with

Fig. 4 Photograph of the two-stage MMIC LNA

passivation and thinned to 100pm. Then the back
was etched via holes to provide low ground para-
sitic inductance. The chip size is 2. Zmm X 1. 2Zmm
X 0. 1mm.

4 Testing result

On-wafer measurements were performed u-
sing microwave and DC bias probes. A 50Q test
device for small signal parameters(HP 8510C)and
noise figure(Agilent N8975A) was used. When the
DC power was 3V, the total DC current of the cir-
cuit was 32mA. The amplifier had a small signal
gain over 26dB, gain flatness below 0. 5dB,and re-
verse isolation less than — 40dB from 3.5 to
4.3GHz, as shown in Fig. 5. The simulated gain
was plotted with the measured gain to verify the
difference between design and final measure-
ment. As expected,the gain curve shapes are simi-
lar,but the measured gain is slightly reduced, by a-
bout 2dB. It may be that the influence of passive
elements on each other is not fully considered
when a schematic simulation is used. The meas-
ured and simulated noise figures from 2.5 to
5.5GHz are shown in Fig.6. It reveals a noise fig-
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Fig.5 Simulated and measured gain and reverse isola-
tion versus frequency (measured data plotted with tri-
angles)
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Fig.6 Simulated and measured 50Q noise figure ver-
sus frequency
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ure less than 0.9dB between 3.5 and 4. 3GHz.
Choi reported a two-stage low noise amplifier
with a lowest noise figure of 0. 76dB at 5GHz, but
the associated gain was only 16dB. We believe our
noise figure is the best result ever reported of an
MMIC LNA with a gain more than 20dB for the
S-C band. Figures 7 and 8 show the input and out-
put return loss versus frequency. Both input and
output return losses were less than — 10dB from
3.5 to 4.3GHz. The output power at 1dB gain
compression was also measured at ambient tem-
perature. The worst result was 5dBm at 3. 5GHz.

/dB

3.0 35 4.0 4.5 50 55
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Fig. 7 Input return loss versus frequency of the LNA
(measured data plotted with triangles)
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Fig. 8 Output return loss versus frequency of the
LNA (measured data plotted with triangles)

5 Conclusion

A two-stage low noise amplifier using series
source inductor and drain divided resistance has
been fabricated. The amplifier demonstrated ex-
cellent gain, noise figure, input and output return
loss performance, which have a noise figure as low
as 0. 9dB and gain more than 26dB from 3.5 to
4. 3GHz. The amplifier can be used in high speed
satellite communication directly.

Acknowledgments The author would like to thank
professor Zhang Haiying and her colleagues of the
MMIC design team for their valuable assistance.

References

[ 1] Morkner H.Frank M, Millicker D.et al. A high performance
1. 5dB low noise GaAs PHEMT MMIC amplifier for low cost
1. 5-8GHz commercial applications. IEEE Microwave and
Millimeter Wave Monolithic Circuits Symposium,1993:13

[2] Soyuer M,PlouchartJ O.A 5. 8GHz I-V low noise amplifier
in SiGe bipolar technology. IEEE Radio Frequency Integrat-
ed Circuits Symposium,1997:19

[ 3] Kobayashi K W,Tran L T.Lammert M D,et al.Sub 1. 3dB
noise figure direct coupled MMIC LNAs using a high current
gain 1ym GaAs HBT technology. GaAs IC Symposium,
1997.240

[ 4] Tsukahara Y.Chaki S,Sasaki Y.et al. A C-band 4 stage low
noise miniaturized amplifier using lumped clements. IEEE
MTT-S Digest,1995:1125

[ 5] Tkachenko Y, Klimashov A, Wei C. et al. Enhancement
mode PHEMT for single supply high efficiency power ampli-
fiers. Eur Microwave Workshop,Munich, Germany, 1999

[ 6] Lehmann R E,Heston D D. X-band monolithic series feed-
back LNA.MTT-S International Microwave Symposium Di-
gest.1985,85:51

[7] Choi BG, Lee Y S. A low noise on - chip matched MMIC
LNA of 0. 76dB noise figure at 5GHz for high speed wireless
LAN applications. 22nd Anuual GaAs IC Symposium, 2000,
8:143



2084 E R N 527 %

—HRREES RN R R RRAERKE

w O&T KEX B OB OFEM K X H#HtAE
(P E B BE R F O, dbat 100029)

WE: RE T M T LREEIRAL T 0. 5pm MK I 55 70 6 B o vl 70 58 3 00 R4 1Y TR 2 TR BRI B A iR R
PR - R T 48 R0 BT AR o 40 /) v Bt i AR 2 1 7 188 g A o L DE S . 7 50 35 IR A% 15 % AR e
WK 3. 5~4. 3GHz M F W P . M R BUNF 0. 9dB, 3 25 K F 26dB, [ #FE/N T — 10dB. X & £ 4 1k i
TR R 5 5 T 20dB AR IR A O A o B A dee /N 2R B IR B B R AR IR R IOR i B R SRR R L
e 75 P B 1 494 50 TR IR TR o v T A R R MRS L BOAR SR i AR R R SRR S A T — 1/ B B E v BEL R DK
/NG A DU TS ) 45 2 A v L 14 PR B 4

R MM ORS00 T R R R R AR s DA T AR R

PACC: 2960C EEACC: 1220
HESES: TN4 STHEARIRAD: A TEHS . 0253-4177(2006)12-2080-05

* [H R [ RBA IS (S :60276021) F [H 58 8 55 FE Al T 9% & J& B A (AL vfE 5 . G2002CB311901) % B 1 H
T WA E/E# . Email : hua0021@sina. com
2006-07-04 I 5] ,2006-07-27 E ©2006 i [HHL FE e



