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A 45RFSOI DC to 32 GHz Bandwidth Inductorless low power amplifier
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In this work an ultra-wideband inductorless amplifier implemented in a 45nm CMOS SOI technology is presented The amplifier operates over a DC to 32 GHz frequency range. The architecture allows a rail-to-rail operation for a supply voltage of 1V. The amplifier achieves 19 dB gain with the input return loss better than -10 dB from DC to 12 GHz and output return loss better than -15 overall bandwidth. The power consumption is 7.8 mW. The core size is only 0.000149 mm². To the author's best knowledge, this amplifier provides the highest flat gain over the 30 GHz operation bandwidth and the smallest area consumption compared to similar works in the literature.

I. INTRODUCTION

The optimization of amplifiers is a very challenging design goal while ensuring given specifications (high gain, linearity, input matching, bandwidth, noise). This optimization is difficult due to the interdependency of the specifications. Therefore, finding the right trade-off is strongly dependent on the application. In this work, an ultra-wideband (UWB) amplifier dedicated to wireless sensors is targeted. Accordingly, in this work we have focused on bandwidth enhancement, compactness as well as on battery lifetime improvement [START_REF] Roy | Ultrawideband radio design: the promise of high-speed, short-range wireless connectivity[END_REF].

A well-known technique to enhance the bandwidth is the distributed amplifier. In this case, ,the wideband behavior is obtained thanks to multiple inductors that resonate the gate to source and drain to source capacitances (Cgs/Cgd) of multiple serialized MOS transistors [START_REF] Heydari | Design and Analysis of a Performance-Optimized CMOS UWB Distributed LNA[END_REF]. Alternatively, a solution using cascoded transistors with a Chebyshev input matching filter can be used. This configuration offers a wideband input matching and a high power gain [START_REF] Lee | CMOS LNA for fullband UWB systems using a simple wide input matching network[END_REF], [START_REF] Kim | High-gain and wide band CMOS low noise amplifier with two-stage cascade and simplified Chebyshev filter[END_REF]. Unfortunately, these two solutions are either power hungry or occupy a large area making them not adapted to our specifications.

The 1V supply voltage is giving rise to insufficient voltage headroom to keep the transistors in saturation region and deteriorating the performance of the circuit. As a consequence, the stacked arrangement of transistors is not adapted reducing the circuit architecture choices. To reduce the power consumption, the current reuse technique can be adopted. It can be classified into two topologies. The first one is cascode structure, which uses a two stages to share the same current source, which reduces power dissipation by using the same current source [START_REF] Mubashir | A 2 to 10 GHz ultra-wideband commongate low noise amplifier using body bias technique in 0.18 m CMOS[END_REF]. However, as stated previously, the use of a multi-transistors stack increases the required supply voltage. The second topology is the inverter topology, which utilizes NMOS and PMOS pairs. This technique can achieve an overall effective transconductance with half of the power consumption required for a conventional NMOS transistor [6].

This paper focuses on the design and implementation of a wideband amplifier in 45RFSOI technology for the receiver path of a UWB system. The remainder of this paper is as follows. In Section II, inductorless techniques are presented. In Section III, the operating principle and circuit implementation of the proposed UWB amplifier will be described. In Section IV, the measurement results compared to post-layout simulation of the proposed design techniques will be presented, and compared to those of the recent works. Finally, the conclusions of this work are given in Section V.

II. INDUCTORLESS TECHNIQUES

The common gate topologies, such as that shown in Fig. 1(a) offer intrinsic wide bandwidth with better stability and reverse isolation in comparison to CS structure due to the absence of the Miller effect for a moderate power consumption. Besides, the input device conductance is contrived by the amplifier transconductance. Since the transconductance must be set to 20 ms to be matched to a 50 Ω according to [START_REF] Roy | Ultrawideband radio design: the promise of high-speed, short-range wireless connectivity[END_REF], a trade off between the gain optimization, the NF and power consumption has to be done.

Z in = 1 g m (1) 
Resistive shunt-feedback (SFB) amplifiers (Fig. 1(b)) transfer high input impedance into a low one for wideband impedance matching by using a resistive feedback, where the input admittance is defined through the ratio of the voltage gain A and the feedback resistance. The power consumption is constant, but the output impedance is degraded and, consequently, the gain capability. Nonetheless, the tradeoff in both CG and SFB circuits is to keep high voltage gain and good input matching with low power consumption.Positive feedback LNAs (Fig. 1(c)) offer additional design freedom for increasing the transconductance to improve the gain and noise figure, but they suffer from a trade-off between input matching and power consumption [START_REF] Hsieh | A 40-GHz Low-Noise Amplifier With a Positive-Feedback Network in 0.18-µm CMOS[END_REF]. In Resistive Termination Topology, a 50 Ω Resistor (R T ) is simply placed across the input terminals of a common-source amplifier (Fig. 1(d)) with a source resistance and an output resistance. However, this additional resistor introduces thermal noise that increases the amplifier's NF and attenuates the signal before the transistor, resulting in unacceptably high noise. This method utilizes a resistor at the input terminal of the LNA to provide a 50 Ω input resistance. In gm-boosted structure (Fig. 1(e)), the inversion amplification, A, is used between the source and the gate so that the effective transconductance of the transistor is increased by (1+A), providing an effective gate voltage boost of the transistor [START_REF] Tiwari | An Inductorless Wideband Gm-boosted Balun LNA with nMOS-pMOS Configurn and Capacitively Coupled Loads for sub-GHz IoT Applications[END_REF]. This technique can be designed in a differential implementation (Fig. 1(f)) by cross coupling of two CG amplifiers [START_REF] Chen | An inductorless wideband common-gate LNA with dual capacitor cross-coupled feedback and negative impedance techniques[END_REF]. The use of capacitors limits the boostiong gain to unity (A=1) without affecting the power consumption. The input impedance can be computed as:

Z in = 1 g m1 (1 + A) (2) 
where A with passive implementation is equal to

A = C c C c + C gs (3) 
Assuming that: C c C gs . The feedback circuit with a degenerated source follower (Fig. 2(g)) efficiently decouples the output from the input impedance but extra P dc is required. The active shunt feedback amplifiers exhibits large bandwidth with a relatively high NF at high frequencies. There is a trade-off between high gain and voltage supply that can be eased with a current-reuse structure (Fig. 2(h))resulting in a higher transconductance [START_REF] Kim | High-gain and wide band CMOS low noise amplifier with two-stage cascade and simplified Chebyshev filter[END_REF].

g m,CR = g m,N M OS + g m,P M OS + 1 R f b (4)
This topology increases the voltage gain (4) while reducing the power consumption, allows transistors biasing due to the feedback resistor. In addition, It has a rail-to-rail operation (VDD to gnd).

III. AMPLIFIER DESIGN

This circuit is implemented on the Global Foundries 45nm CMOS RFSOI process (45RFSOI). It provides 7 copper metal layers and one aluminum top-layer. SOI NFET has lower parasitics than bulk CMOS, enabling high ft /fmax (305/380GHz). This opportunity has been exploited to extend the bandwidth of the circuits. Fig. 2. Amplifier architecture This single ended Inductorless amplifier structure (Fig. 2) uses two broadening techniques: Cascade connection of inverters and an active feedback to achieve broadband impedance matching and enhance 3-dB bandwidth with active picking. A geometry-optimized inverter with resistive feedback is used for each amplifying stage where (W/L=20u/40n). A very high gain is achieved by cascading multiple inverter stages while reducing the DC power consumption since the bias current is constant. However, there is a trade-off between the gain and the bandwidth of the amplifier. Amplifier bandwidth is mainly determined by RC time constances of each node. In 45RFSOI technology, due to low parasitic capacitance to the substrate, a 20 GHz bandwidth without the active feedback can be achieved. The transfer function can be expressed as [10].

V out V in = - G m R T (1 + sC T R T ) (5) 
Where RT denotes Rf1 Rf2 Rf1 Rf2 and CT represent C1+C2+C3+C4, Rf1/Rf2/Rf3/Rf4 and C1/C2/C3/C4 denote equivalent resistors and capacitors contributed by previous and next stages, respectively. By adding the active feedback using inverter whith small width (W/L=1u/40n), peaking occurs aournd 20 GHz to extend the bandwidth to 30 GHz. Feedback resistors (Rf1=Rf2=Rf3=Rf4=400 Ω) implement a voltagedivided self-bias of 500 mV with no need of external bias voltage.

IV. RESULTS AND DISCUSSIONS

The expected theoretical results are verified by implementing the circuit in 45RFSOI technology. Fig. 3 shows the die micrograph of the LNA with probes. As highlighted on the photograph, since no inductive components are introduced, chip area is greatly saved and integration is improved. The total area is only 13.9 µm x 10.7 µm. The proposed LNA draws 7.9 mA from 1V supply, consuming a total power of only 7.9 mW. The S-parameter and NF measurement were conducted on the probe station using Rohde & Schwarz ZV167 Vector Network Analyzer (Fig. 4).

The LNA achieves a flat gain of 19 dB withen a -3 dB bandwidth of 32 GHz (Fig. 5). The measurement frequency started from 300 MHz due to source signal generator limitation. However, since the measurements agree ± 0.5 dB to the post layout simulations, we assume that the measurements can be extrapolated for frequencies below 300 MHz. Therefore, the -3dB bandwidth is estimated to be from DC to 32 GHz. The simulated noise is lower than 5 dB over the 32 GHz bandwidth. However, the measurement shows an increase by 2 dB compared to post layout simulations (Fig. 6). As can be seen in the Fig. 7, the current reuse stage, in charge of input matching, achieves a good S11 lower than 8 dB from DC to 18 GHz. A good output matching is also ensured by a low S22 less than 12 dB for all bands of interest. Table I summarizes the implemented LNA and the state-of-the-art UWB LNAs reported in the literature.

F OM I = G T (dB) × BW (GH Z ) N F (dB) × P DC (mW ) F OM II = G T (dB) × BW (GH Z ) × IIP 3(mW ) N F (dB) × P DC (mW ) × area(mm 2 ) (7) 
V. CONCLUSION

The outstanding performance in terms of its simplicity, compactness, ultra-wide band operation and low DC power 
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 1 Fig. 1. Wideband inductorless topologies: (a) common gate amplifier,(b) resistive shunt feedback amplifier, (c) positive feedback amplifier, (d) resistive termination amplifier, (e) gm boosted amplifier, (f) differential cross coupled capacitor, (g) source follower based shunt feedback amplifier, (h) inverter based amplifier
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 3 Fig. 3. Amplifier micrograph
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 5 Fig. 5. Measured (Blue dotted line) and simulated Gain (Red line)
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 6 Fig. 6. noise Vs frequency
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 7 Fig. 7. Input and output impedance measurement (dotted blue) vs post layout simulation (red line)