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Abstract: -  This paper presents the design and experimental results of a miniaturized monolithic 2.4/5.7 GHz 
concurrent dual-band low noise amplifier with cascade configuration using InGaP/GaAs HBT technology for 
the first time. The first stage of the LNA provides high gain and input matching simultaneously at both 2.4 GHz 
and 5.7 GHz bands. The output matching of the second stage is realized by shunt-shunt feedback. It consumes 
only 9 mW power and achieves transducer gains (S21) of 24.8 dB and 15.7 dB, input return losses (S11) of -23.6 
dB and -22.6 dB, output return losses (S22) of -15.3 dB and -21.5 dB, reverse isolation (S12) of -48.0 dB and -44.4 
dB, and noise figures of 3.42 dB and 2.72 dB at 2.4 GHz and 5.7 GHz, respectively. The LNA only occupies an 
area of 650 µm × 300 µm excluding the test pads because only two inductors are used. 
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1   Introduction 

Wireless communication has evolved into a 
world of multi-standards/multi-services with 
operating frequencies of 900 MHz/1.8 GHz/1.9 
GHz bands for GSM, 1.5 GHz band for GPS and 2.4 
GHz/5.2 GHz/5.7 GHz bands for WLAN. Therefore, 
it is desirable to combine two or more standards in 
one mobile unit [1]-[2]. The primary challenge in 
designing multi-band transceivers is increasing the 
functionality of such communication systems while 
minimizing the number of additional hardware such 
as low noise amplifiers (LNAs). Typical design 
strategies have used different LNAs for different 
frequency bands [2]-[5]. However, this method 
inevitably increases the cost and power dissipation. 
Recently, a 2.45/5.25 GHz concurrent dual-band 
CMOS LNA with excellent performances has been 
reported [5]. However, in this circuit, off-chip 
capacitors and inductors are used. In addition, a 
2.4/5.2/5.7 GHz triple bands SiGe HBT LNA 
achieved by switching between different base bias 
currents (IB) is reported [6]. The disadvantage of this 
circuit is its small IIP3. To realize low cost and low 
power consumption and to operate at 2.4/5.7 GHz 
bands simultaneously, a single LNA suitable for 
2.4/5.7 GHz dual-band operation is needed. 
Therefore, in this paper, for the first time, we 
present the design and implementation of a 2.4/5.7 
GHz concurrent dual-band LNA using InGaP/GaAs 
HBT technology. 
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Fig. 1   The complete circuit of the 2.4/5.7 GHz concurrent 
dual-band InGaP/GaAs HBT LNA. 

 
 
2   Circuit Design 

To realize high transducer gain and good reverse 
isolation, a cascade configuration was adopted for the 
2.4/5.7 GHz concurrent dual-band InGaP/GaAs HBT 
LNA. The complete circuit of the LNA was shown in 
Fig. 1. The approach introduced in Ref. [5] was 
adopted to achieve the input impedance matching and 
noise matching of the LNA. The wideband output 
matching of the LNA was realized by using a 
shunt-shunt feedback architecture, which had the 
advantages of stabilizing gain and minimizing chip 
area (because no LC component was used in the 
output terminal). 
 
 
2.1 Input Impedance and Noise Matching 

In the first stage, the size and bias of the 
transistor were chosen appropriately to minimize 



power consumption and to obtain low noise figure by 
keeping the device current density close to the 
minimum noise figure region. Besides, the input 
impedance matching was achieved at the two bands 
of interest. This can be explained by the small signal 
equivalent circuit model seen at the input port as 
shown in Fig. 2. The input impedance is given 
by:
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RLC network. The real parts of Zin (50Ω) at the 
2.4/5.7 GHz bands mainly come from Zp. The 
uninterested frequency (notch frequency fnotch) was 
set as 3.5 GHz. At the notch frequency, the input 
impedance is a maximum because of the bad input 
impedance matching (that is, large reflection 
coefficient). The imaginary part of Zp is inductive and 
capacitive for frequencies lower and higher than fnotch, 
respectively, while the imaginary part of Zs is 
capacitive and inductive for frequencies lower and 
higher than fnotch, respectively. By appropriately 
selecting the values of Lp, Cp, Cs, and Ls, the 
imaginary parts of Zp and Zs are canceled at both 2.4 
GHz and 5.7 GHz, and the summation of the real part 
of Zp and Zs approach 50Ω at both 2.4 and 5.7 GHz. 
Since the minimization of the noise figure of the 
LNA is very important, the matching network was 
designed to achieve the minimum oval noise figure, 
but still to maintain a reasonable input impedance 
matching at both of the frequencies of interest. In this 
circuit, the sum of the impedance of Zp and Zs were 
reduced to its minimum in order to minimize the 
noise figure [5]. 
 
2.2 Output Matching 

The output matching of the second stage was 
realized by a common shunt-shunt feedback 
technique [7]. This technique would stabilize gain 
but cause the degradation of noise figure because of 
the feedback resistors. This disadvantage was not 
critical in the second stage as its contribution to 
overall noise figure was reduced by the power gain of 
the first stage. 

In order to minimize chip area, the fewer 
inductors, the better. Therefore, resistors were used 
as output loadings in place of LC resonant circuit. 
Another advantage of using resistive loads was 
wideband matching. That is why this LNA was 

capable of offering high gain at both 2.4 GHz and 5.7 
GHz. Furthermore, the input and output matching 
were pretty good. 
 
 
3   Experimential Results 

An InGaP/GaAs HBT IC process with ft=40 
GHz was used to fabricate the LNA. The die 
photograph of the finished monolithic 2.4/5.7 GHz 
dual-band LNA is shown in Fig. 3. The layout was 
done in a uni-directional fashion to avoid signal 
coupling between the input and output. The RF input 
and output terminals were placed on opposite sides of 
the chip to improve port-to-port isolation. The total 
chip area was only 650 µm × 300 µm excluding the 
test pads. This LNA drained 5 mA current at supply 
voltage of 1.8 V; that is to say, it only consumed 9 
mW power. 
     The noise and scattering parameters were 
measured on wafer using an automated NP5 
measurement system from ATN Microwave Inc. This 
LNA achieved transducer gains (S21) of 24.8 dB and 
15.7 dB, and input return losses (S11) of -23.6 dB and 
-22.6 dB at 2.4 GHz and 5.7 GHz frequency bands, 
respectively, as shown in Fig. 4 and 5. As can be seen 
in Fig. 6, the measured reverse isolation (S12) for the 
LNA was quite good, i.e. -48.0 dB and -44.4 dB, at 
2.4 GHz and 5.7 GHz frequency bands, respectively, 
and with less than -40 dB of isolation for frequencies 
lower than 7 GHz. The measured noise figure (NF) 
was 3.42 dB and 2.72 dB at 2.4 GHz and 5.7 GHz 
frequency bands, respectively, as shown in Fig. 8. 
Finally, two-tone-intermodulation measurement was 
performed and results are shown in Fig. 9. Clearly, an 
IIP3 = −17 dBm was obtained.  

The performances at 5.7 GHz of our 2.4/5.7 
GHz concurrent dual-band InGaP/GaAs LNA (NF of 
2.72 dB, and S21 of 15.7 dB) were better than those 
(NF of 4.5 dB, and S21 of 15.5 dB) of the 2.45/5.25 
GHz concurrent dual-band CMOS LNA at 5.25 GHz 
with a bonding wire as the gate inductor using 0.35 
µm CMOS technology [5]. This means the 
performance of our InGaP/GaAs dual-band LNA can 
be much better than that of its CMOS version without 
the use of bonding wire. 
 
 
4   Conclusion 

A low power monolithic concurrent 2.4/5.7 
GHz dual-band LNA using InGaP/GaAs HBT 
technology is presented for the first time. The total 
chip area is only 650 µm × 300 µm excluding the test 
pads. S21 of 24.8 dB and 15.7 dB, S11 of -23.6 dB and 
-22.6 dB, S12 of -48.0 dB and -44.4 dB, and NF of 



3.42 dB and 2.72 dB are achieved at 2.4/5.7 GHz 
bands, respectively. The total power consumption is 
only 9 mW at +1.8 V power supply. Compared to the 
recently published GaAs and SiGe HBT LNA results 
(see Table 1), the performance of this work is pretty 
good and occupies the smallest chip area. 
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Fig. 2 The small signal equivalent model seen at the input terminal of the 2.4/5.7 GHz concurrent dual-band  
GaInP/GaAs HBT LNA. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 Fig. 3 The die photograph of the2.4/5.7 GHz concurrent dual-band GaInP/GaAs HBT LNA. 
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 Fig. 4 The measured transducer gains (S21) 

of the 2.4/5.2 GHz dual-band LNA.  
 

Fig. 5 The simulated and measured input return loss 
(S11) of the 2.4/5.2 GHz dual-band LNA. 

 
 
 
 
 
 22

 
 
 
 
 
 
 Fig. 7 The measured output return loss (S22) 

of the 2.4/5.2 GHz dual-band LNA. 
Fig. 6 The measured reverse isolation (S12) 

of the 2.4/5.2 GHz dual-band LNA.  
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Fig. 8 The measured noise figure (NF)  
of the 2.4/5.2 GHz dual-band LNA.  

 

Fig. 9 The measured third order inter-modulation 
characteristics of the 2.4/5.2 GHz dual- band
LNA. 



 

Table 1 Comparison of the performance of this work and the recently published GaAs and SiGe HBT LNA results.
GaAs HBT [8]

Technology

SiGe HBT [9]

This work

This work

CMOS [5]

CMOS [5]

Center frequency (GHz)S21 (dB)S11 (dB)NF (dB)Power (mW) )(mm Area 2

5

5.8

2.45

2.4

5.7

5.25

16.2

13

14*

15.5*

24.8

15.7

-6

-6

-25

-15

-23.6

-22.6

2.4

2.1**

2.3**

4.5**

3.42

2.72

72

13

10

10

9

9

1.59x0.83

0.7x0.8

0.8x0.8

0.8x0.8

0.65x0.3

0.65x0.3

* Voltage gain   ** Off-chip


