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Abstract: A 3 to 10 GHz Low Noise Amplifier (LNA) with good gain and band pass property for Ultra Wide
Band (UWB) applications using 0.18 um CMOS technology is designed. Therefore, we proposed a wideband
input network with band pass capability UWB LNA using LC network. It uses a CMOS amplifier with 0.18
pum technology. We have achieved A power gain of 49mW and minimum noise figure of 0.9 dB for the core
LNA.

Index Terms: Complementary metal-oxide semiconductor (CMOS), low-noise amplifier (LNA), band pass ,
ultra wideband (UWB).

I Introduction

The low noise amplifiers (LNA) are key components in the receiving end of the communication system and the
performance is measured in a number of figures which are most notable while return loss , dynamic range and
stability are examples of others. Signal received from the antenna is directly given to the low noise amplifier to
reduce noise in external as well as internal noise of the circuit. In reference [1] there are used two MOSFETS in
cascode topology which has little effects with each other. In this way, the device parameters of these two
MOSFETs connected in cascode topology can be design separately, with almost no trade-off [2, 3]. This
topology requires more area with complexity increment. References [4-6] presented that LNA which are able to
provide gain to input signal powers up to - 15 dBm without degrading linearity or adding much noise. These all
properties enable the wireless receiver to operate in hostile communication environments. During the design of
low noise, the most important factors are forward gain, low noise, matching and stability. In this paper, we
design a CMOS LNA using single stage inductive source degeneration topology with respect to impedance
matching and noise optimization. Generally the cascoded topologies are used in the designing of CMOS LNA.
Here we have used the inductive degeneration common source topology with active device biasing.
Active devices used to increases the temperature sensitivity. Major applications of the LNAs [7-9] are to
increase the signal power as well as minimizing the noise. Reference [10] has proposed a model of the double-
gate CMOS for double-pole four-throw RF switch design at nano meter technology, which is also an application
for the LNA.

1. LNA Design Approach
The 3.1 to 10 GHz CMOS UWB LNA proposed here adopts a source-degenerated cascode configuration, as
shown in Fig. 1. An LC input network for wideband operation is utilized with two new capacitors and for
increasing the higher and lower band pass s, respectively. The load inductor in series with the resistor helps to
enhance the gain flatness. The buffer transistor with a purely resistive load is employed for testing purposes. An
additional inductor is inserted to enhance the overall gain. The overall gain of the LNA without an additional
inductor Lc is given by [22] ( Lc considered to be shorted)
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is the 50-Q source resistance, Ct = Cgsl +Ca and CL is the total capacitance between the drain of the transistor
M2 and ground. S11 is the reflection coefficient at the input port. From (1), it is seen that extra transmission
zeros (i.e.,S21 = 0) can be created when the following conditions are satisfied:

(4
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In which means that the input impedance of the LNA is short circuit, and it occurs as the impedance ZR, i.e., the
impedance of the L1C1tank in series with the capacitor CRL is equal to zero, where
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Zp(w) = (5)

By using (2), (4), and (5), the locations of transmission zeros can be predicted as

1 1
Wpy = 77— Wp, = F7———— (6)
Y LgCRH vV LI(CRL + Cl)

The overall gain of the circuit is increased by inserting an additional inductor as shown in the fig 1. Complete
schematic of proposed LNA. With an additional inductor Lc, the increased value of the voltage gain is
proportional to the inductance value of additional inductor Lc.
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Fig. 1. Complete circuit diagram of proposed UWB LNA

A. Band pass capability.

The above ratiocination reveals that the additional capacitors and will bring about two transmission zeros to
ameliorate the out-band performance. However, the band pass characteristics are restricted by the series
resistance of the on-chip inductor. As seen from (6), the higher and lower out-band transmission zeros are
associated with the inductors and and L1 , respectively. These component values influence not only the zeros’
frequencies, but also the out-band suppression levels,. The higher frequency out-band elimination efficiency is
mainly determined by the impedance of the LgCRH tank at the resonant frequency (i.e., the larger impedance,
the superior out-band suppression). Therefore, the first step is to assign a larger to arrive at larger resonant
impedance [20, Ch. 14]. In addition, a preferable power gain in the target frequency range can be procured
contemporaneously by using a larger value of Lg. The impedance of input LC circuit produces one series and
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one parallel resonance from which the lower transmission zero can be created. It is expectable that a smaller
impedance at the series resonant frequency will accomplish the superior out-band elimination efficiency.

1. Implementation and simulation
A. Noise Figure
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Parameter / 45GHz 5.5 GHz 6.5GHz
frequency
Noise figure 1.3dB 3.1dB 8.3dB
Vg:ﬁ?e -39.97dB=10mV -43.59dB=6mV -47.51dB=4.2mV
Power gain | -33.99dB=19mW | -38.67dB=11.9mW | -42.90dB=7.16mW

IV. Conclusion
In this paper, we proposed a UWB LNA configuration with band pass ability and demonstrated the simulated
results using the 0.18 um CMOS process. Extra transmission zeros are created by the use of an LC input
network with additional capacitors and for improving the higher and lower out-band performances. Finally we
have achieved gain enhancement and low power dissipation with an additional inductor.

References

[1] S. Lo, I. Sever, S.-P. Ma, P. Jang, A. Zou, C. Arnott, K. Ghatak, A. Schwartz, L. Huynh, V. T. Phan, and T. Nguyen, “A dual-
antenna phased-array UWB transceiver in 0.18-um CMOS,” IEEE J. Solid- State Circuits, vol. 41, no. 12, pp. 2776-2786, Dec.
2006.

[2] T. W. Fischer, B. Kelleci, K. Shi, A. I. Karsilayan, and Serpedin “An analog approach to suppressing in-band narrow-band
interference in UWB receivers,” IEEE Trans. Circuits Syst. |, Reg. Papers, vol. 54, no. 5, pp. 941-950, May 2007.

[3] K. Rambabu, M. Y.-W. Chia, K. M. Chan, and J. Bornemann, “Design of multiple-stopband filters for interference
suppression in UWB applications,” IEEE Trans. Microw. Theory Tech., vol. 54, no. 8, pp 3333 3338, Aug. 2006.

[4] Sever, S. Lo, S.-P. Ma, P. Jang, A. Zou, C. Arnott, K. Ghatak, A. Schwartz, L. Huynh, and T. Nguyen, “A dual-antenna phase-
array ultra-wideband CMOS transceiver,” IEEE Commun. Mag., vol. 44, no. 8, pp. 102-110, Aug. 2006.

[5] A. Valdes-Garcia, C. Mishra, F. Bahmani, J. Silva-Martinez, and E. Sanchez-Sinencio, “An 11-band 3—- 10 GHz receiver in SiGe
BiCMOS for multiband OFDM UWB communication,” IEEE J. Solid-State Circuits, vol. 42, no. 4, pp. 935-948, Apr. 2007.

[6] A. Bevilacqua, A. Maniero, A. Gerosa, and A. Neviani, “An integrated solution for suppressing WLAN signals in UWB
receivers,” IEEE Trans. Circuits Syst. |, Reg. Papers, vol. 54, no. 8, pp. 1617— 1625,Aug. 2007.

[7] A. Vallese, A. Bevilacqua, C. Sandner, M. Tiebout, A. Gerosa, and A. Neviani, “Analysis and design of an integrated notch filter
for the rejection of interference in UWB systems,” IEEE J. Solid-State Circuits, vol. 44, no. 2, pp. 331-343, Feb. 2009.

[8] X. Guan and C. Nguyen, “Low-power-consumption and high-gain CMOS distributed amplifiers using cascade of inductively
coupled common-source gain cells for UWB systems,” IEEE Trans. Microw. Theory Tech., vol. 54, no. 8, pp. 3278-3283, Aug.
2006.

[9] P. Heydari, “Design and analysis of a performance-optimized CMOS UWB distributed LNA,” IEEE J. Solid-State Circuits, vol.
42, no. 9, pp. 1892-1905, Sep. 2007.

[10] Y. Park, C.-H. Lee, J. D. Cressler, and J. Laskar, “The analysis ofUWB SiGe HBT LNA for its noise, linearity, and minimum
group delay variation,” IEEE Trans. Microw. Theory Tech., vol. 54, no. 4, pp. 1687— 1697, Apr. 2006.

[11] P. Z. Rao, Y. C. Cheng, C. P. Liang, and S. J. Chung, “Cascode feedback amplifier combined with resonant matching for UWB
system,” in Proc. Progr. Electromagn. Res. Symp., Mar. 2007, pp. 1040-1043.

[12] J. Lee and J. D. Cressler, “Analysis and design of an ultra-wideband low-noise amplifier using resistive feedback in SiGe HBT
technology,” IEEE Trans. Microw. Theory Tech., vol. 54, no. 3, pp. 1262-1268, Mar. 2006.

[13] G. Cusmai, M. Brandolini, P. Rossi, and F. Svelto, “A 0.18-pm CMOS selective receiver front-end for UWB applications,” IEEE
J. Solid-State Circuits, vol. 41, no. 8, pp. 1764-1771, Aug. 2006.

[14] Y. Lu, K. S. Yeo, A. Cabuk, J. Ma, M. A. Do, and Z. Lu, “A novel CMOS low-noise amplifier design for 3.1- to 10.6-GHz ultra-
wideband wireless receivers,” IEEE Trans. Circuits Syst. |, Reg. Papers, vol. 53, no. 8, pp. 1683-1692, Aug. 2006.

[15] X. Li, S. Shekhar, and D. J. Allstot, “Gmn-boosted common-gate LNA and differential Colpitts VCO/QVCO in 0.18- m CMOS,”
IEEE J.Solid-State Circuits, vol. 40, no. 12, pp. 2609-2619, Dec. 2005.

[16] A. Bevilacqua and A. M. Niknejad, “An ultrawideband CMOS lownoise amplifier for 3.1 10.6-GHz wireless receivers,” IEEE

J. Solid- State Circuits, vol. 39, no. 12, pp. 2259-2268, Dec. 2004.

AIJRSTEM 16-158; © 2016, AIJRSTEM All Rights Reserved Page 92



