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Abstract

:

Although Moore’s Law reaches its limits, it has never applied to analog and RF circuits. For example, due to the short channel effect (SCE), drain-induced barrier lowering (DIBL), and sub-threshold slope (SS)…, longer transistors are required to implement analog cells. From 22 nm CMOS technology and beyond, for reasons of variability, the channel of the transistors has no longer been doped. Two technologies then emerged: FinFET transistors for digital applications and UTBB FDSOI transistors, suitable for analog and mixed applications. In a previous paper, a new topology was proposed utilizing some advantages of the FDSOI technology. Thanks to this technology, a novel cross-coupled back-gate (BG) technique was implemented to improve analog and mixed signal cells in order to reduce the surface of the integrated circuit. This technique was applied to a current mirror to reduce the small channel effect and to provide high-output impedance. It was demonstrated that it is possible to overcompensate the SCE and DIBL effects and to create a negative output resistor. This paper presents a new LC tank oscillator based on this current mirror functioning as a negative resistor.
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1. Introduction


The demand for highly efficient and reliable radio frequency (RF) oscillators has grown rapidly with the proliferation of wireless communication systems. Among various oscillator topologies, LC tank oscillators have been widely used due to their simplicity, low cost, and high Q resonance [1]. However, the performance of conventional LC oscillators is limited by the parasitic resistance of inductors and capacitors, which reduces the quality factor (Q) and increases the power consumption.



To address these issues, negative resistance elements have been employed in LC tank oscillators to compensate for the parasitic losses and enhance the feedback loop gain [2]. Negative resistance is a type of impedance that decreases with increasing voltage or current. Negative resistance devices can increase gain and feed it back into the oscillator circuit, effectively increasing the gain and sustaining the oscillations. Phase noise (PN) and power consumption are the most important characteristics of oscillators. To achieve the specifications of telecommunication standards, particularly in terms of PN, the most popular LC tank VCO (voltage-controlled oscillator) is based on a differential cross-coupled structure to compensate the losses of the LC tank [3,4]. In this paper, we propose a new structure based on the advantages of the FDSOI technology.



Thanks to Moore’s Law, the increase in performance in microelectronics technology, continuous for more than 50 years, is made possible by the miniaturization of the MOS transistors [5]. However, this law has never applied to analog and RF circuits. For example, due to the short channel effect (SCE), drain-induced barrier lowering (DIBL), and sub-threshold slope (SS)…, longer transistors are required, especially for analog cells, as shown in Figure 1 [6].



To address these limitations while reducing the size of the transistors, several mainstream advanced technologies have emerged. For example, junctionless dual-gate MOSFETs have good noise performance in small sizes [7,8], and short channel effects can be suppressed by the formation of ultra-thin fin in FinFET devices [9], etc.



In addition, the efficient back-gate biasing provided by the FDSOI MOS transistor is being proposed in this paper as a means to compensate for SCE and DIBL effects. However, the output current is very sensitive to the channel length using the new topology. Finally, it was demonstrated that it is possible to overcompensate the SCE and DIBL effects and to introduce a negative output resistor. The focus of this paper is the LC tank oscillator based on this current mirror functioning as a negative resistor.



In Section 2, a short summary of FDSOI technology is presented, with a focus on the transistor back-gate. Section 3 covers the principle of a basic current mirror and its limits for short-channel-length transistors. The section demonstrates how FDSOI technology can help reduce these limitations. Section 4 describes the implementation of a negative resistor to compensate for the losses of an LC resonator in order to achieve an oscillator. This paper concludes with a summary of the findings.




2. FDSOI Technology


FDSOI technology is based on a thin layer of silicon that is on a buried oxide (Box). Called Ultra-Thin Body and Box (UTBB), FDSOI transistors are embedded in the fully depleted thin silicon layer and therefore offer unique bulk advantages. FDSOI technology claims better power and performance than its bulk counterpart [10]. FDSOI transistors correspond to a simple evolution of the conventional MOS transistor, as shown in Figure 2.



This technology is perfectly adapted to analog, RF, and mixed circuits design. By gaining a comprehensive understanding of FDSOI technology, we can appreciate its benefits as shown in Figure 3 in low-voltage, analog, and RF applications [11]. Specifically, FDSOI offers a substantial reduction in the Pelgrom coefficient (AVt) [12] mismatch factor when compared to other technologies such as 28 nm LP bulk technology. This in turn allows for excellent analog performance while minimizing power consumption.



One of the main features of this technology is the possibility to bias the back-gate electrode of the transistors in order to modify its threshold voltage, VTh. Figure 4 presents the back-gate (BG) contact of such a transistor, and Figure 5 depicts the measured influence of the BG biasing on the VTh variation [13]. Compared to conventional transistors, in FDSOI technology, the value of VTh can be effectively reduced by BG biasing.



In the following sections, all simulations are realized using Cadence framework and the PDK (process design kit) of the STMicroelectronics 28 nm FDSOI technology.




3. Current Mirror


3.1. Classical Design


A current mirror is a circuit that duplicates the current flowing through an active device by regulating the current in another active device, thus maintaining a stable output current regardless of the load [14]. Figure 6 depicts a basic current mirror employing bulk NMOS transistors.



Neglecting the channel length modulation, the Iref/Iout ratio is equal to the size ratio of the two transistors, given by the well-known Equation (1).


     I  out      I  ref     =       W / L    2        W / L    1     



(1)







The existence of the ideal situation is precluded by channel length modulation [15], which is characterized by the channel length modulation coefficient λ that varies with the size of the length. As a result, the current is copied incorrectly, especially when the transistors are shortened. Then, the two currents, Iref and Iout, are given by Equations (2) and (3).


   I  ref   =  1 2   μ n   C  OX        W L     1       V  gs   −  V  thn      2    1 +   λ V   ds 1      



(2)






   I  out   =  1 2   μ n   C  OX        W L     2         V  gs   −  V  thn      2      1 +    λ V    ds 2      



(3)







With the same Vgs, the ratio becomes:


     I  out      I  ref     =       W / L    2    1 +    λ V    ds 2           W / L    1    1 +    λ V    ds 1        



(4)







Accordingly, the current copy depends on both the ratio of transistor sizes and Vds1 and Vds2, which may not be equal. This mismatch is worsened under short channel conditions with large λ. Several current mirror structures have been developed to reduce the short channel effect, such as the cascode current mirror and Wilson current mirror. These structures enforce equal Vds for the two transistors to ensure uniform channel modulation. However, cascoded types of the basic current mirror (such as Wilson or Widlar topologies) are not feasible for low power supply voltages such as 1 V, as they reduce voltage margin or increase power consumption.




3.2. New Mirror Current Topology Using FDSOI Technology


Our proposed novel solution involves dynamically biasing the back-gate of FDSOI transistors to counteract the short channel effect, even when Vds is not the same [6]. This approach can be applied to the basic current mirror depicted in Figure 6 by configuring the back-gates of FDSOI transistors, as shown in Figure 7.



In fact, reducing the slope of Ids in the saturation region can be achieved by biasing the back-gate voltage. Figure 7a depicts the connection of Vout to the back-gate of M1. With this setup, the back-gate voltage of M1 tracks the drain voltage of M2, which varies from 0 to 1 V. As the back-gate voltage rises, the threshold voltage drops, leading to a reduction in the biasing voltage (Vgs) required to maintain the same source current (cf. Equation (2)). Consequently, the slope of the output current can be controlled, and it can become horizontal or negative based on the lengths of the transistors.



Additionally, the drain voltage of M1 can be leveraged to control the back-gate voltage of M2, as illustrated in Figure 7b. Here, instead of connecting the back-gate of transistor M2 to the ground, it is linked to the drain voltage of M1 to lower the threshold voltage for M2, resulting in an increase in the output current (cf. Equation (3)). The simulations presented below operate in the moderate region by setting a small reference current (such as 1 µA).



In this paper, the PDK used is CMOS28 FDSOI 1.5.a provided by STMicroelectronics. Additionally, the PMOS and NMOS used are lvtpfettw and nfettw from the cmos32lp library, respectively, which take advantage of having a triple-well structure. By setting the correct voltage in each well and substrate, one back-gate can be utilized to control the subtract voltage without any short circuit or leakage issues, thanks to the equivalent two-diode structure [15]. Figure 8 shows simulation results of a basic current mirror with different back-gate configurations, using small transistors (WN/LN = 80 nm/33 nm) to focus on the short channel effect. The output current (Iout) exhibits an exponential relationship within the moderate region (red curve) when the back-gate of each transistor is biased to the ground, similar to a classical bulk transistor. This reveals that the basic current mirror without back-gate control experiences a significant mismatch between the reference current and the output current.



By calculating an optimized size, the back-gate of M1 can be controlled with the drain voltage of M2 and compensate for the short channel effect by decreasing Vbias (blue curve, cf. configuration Figure 7a). Moreover, connecting both back-gates of the two transistors to the drain voltages can result in an output current that increases up to the reference current of 1 µA, as illustrated by the green curve (cf. configuration Figure 7b).



In simulations (cf. Figure 8), the NMOS transistor width and length were fixed at 80 nm and 33 nm, respectively, to reduce gaps between the reference and output currents. Varying the transistor lengths enables manipulation of gds and gmb values. Finally, a transistor length of 35 nm, along with a fixed width of 100 µm, was found to be optimal for compensating gds by gmb, with higher reference currents.




3.3. Implementation and Measurements


The construction of both types of current mirrors was carried out using UTBB-FDSOI PMOS transistors, as shown in Figure 9. The back-gate of each transistor was connected to VDD in the absence of back-gate control.



First, the length of the output transistor (PB) has to be optimized. In order to achieve this more efficient length value, a series of DC simulations was conducted. In Figure 10, only three simulation results were presented with three different values of L (34 nm, 35 nm, and 36 nm) while maintaining a constant width of W = 100 µm, where IREF = 45 µA. The results indicate that the output current of the current mirror is highly dependent on the transistor length and is very sensitive. The optimal transistor length was found by the simulation to be 35 nm, as deviations from this length resulted in either undercompensation (for L = 34 nm) or overcompensation (for L = 36 nm).



The two configurations, with and without back-gate control (in the case of without, the back-gate of the two PMOS transistors is connected to VDD = 1 V), have been implemented in 28 nm FDSOI technology. The layout is depicted in Figure 11 and has a size of 30 × 40 µm2 under the implementation of 28 nm FDSOI technology by STM. Finally, simulations and measurements are compared as shown in Figure 12 and Figure 13.



The experiment involved testing the current mirror with three different current values (IREF = 45, 90, or 180 µA) and comparing the results with and without back-gate control. Both configurations with the optimal L value (35 nm) have the same size of transistors. In Figure 12 and Figure 13, measurements and simulations (solid and dotted lines, respectively) show good agreement in the saturation regions, despite slightly different saturation voltage values (0.1 V for simulation and a higher value for measurement). To our knowledge, we have not found an answer to explain this phenomenon to date. Therefore, it can be concluded that the cross-coupled back-gate auto-biasing technique effectively stabilizes the current in the saturation region at values of 45, 90, and 180 µA, respectively.



As demonstrated in simulation, Figure 12 shows that this topology is very sensitive to the length of the transistor. The overcompensation of the SCE effect is a little bit highlighted in measurement where a small negative resistance appears in the saturation region (especially for higher currents, i.e., IREF = 180 µA). If this sensitivity can be a problem for the realization of a current mirror, it is not the case if we really want to realize a negative resistor, as described in Section 4.



This auto-calibration back-gate technique has been also used to realize a low phase noise complementary ring oscillator [16]. The following section describes how to use this current mirror to realize a negative resistance through overcompensation of the SCE effects.





4. New LC Tank Oscillator


Thanks to the previous results, a negative resistance LC tank oscillator is proposed. The circuit is designed by transforming the current mirror circuit into a negative resistance circuit. The negative resistance is created by adjusting the length of the output transistor of the current mirror. To optimize the size of this output UTBB-PMOS transistor (PB) and to achieve the desired negative resistance, several simulations were conducted. We performed DC simulations to explore the behavior of the negative resistance circuit across varying reference current magnitudes. Figure 14 showcases the simulation outcomes corresponding to a reference current of 1 mA. These simulations were conducted considering an incremental elongation of transistor length (L) from 30 nm to 100 nm (by step of 10 nm), displayed sequentially from top to bottom.



As expected, for a value of L greater than 50 nm, the resistance value is not very sensitive to the variation of this length. Finally, a value of L = 80 nm was chosen for both transistors of the current mirror to realize a negative resistor.



To generate the input current, a UTBB-NMOS transistor was used, and the current was controlled by VBIAS, as shown in Figure 15. The negative resistance circuit was connected in parallel with the oscillation circuit, enabling continuous oscillation. The oscillation frequency was determined by the values of the inductor and capacitor in the LC tank circuit.



The circuit’s resonance frequency of 2.45 GHz was achieved by selecting the appropriate values for the inductor and capacitor. Specifically, an inductor value of 1 nH and a capacitor value of 4.2 pF were selected, considering the relationship between the inductance, capacitance, and resonance frequency given by:


   f 0  =  1  2 π   LC     = 2.45    GHz   



(5)







To evaluate the transient and phase noise performance of the circuit at different values of VBIAS, several extensive simulations were performed. The impact of different VBIAS values on the circuit’s performance was the main focus. To realize more accurate simulations, the series resistance of the inductor was taken into account, which is depicted in Figure 16.



Thanks to the geometry of the inductor, it is considered that its length equals 8 × (125 + 102)/2 = 908 µm. The resistivity of the chosen metal layer is 6.6 mΩ, so the series resistance is equal to r = 908/30 × 6.6 = 200 mΩ. The equivalent parallel resistor is given by Equation (6).


   R  / /   =  L  rC     =   1.2   k Ω  



(6)







Thanks to this value, the quality factor of the LC tank equals Q = 2πRCf0 = 77. To verify these values, the impedance of the LC tank was simulated, including the series resistor r = 200 mΩ. The frequency response result is depicted in Figure 17. The impedance initially increases and then decreases as the frequency increases, reaching its maximum value at the resonant frequency.



At the resonance frequency (f0 = 2.45 GHz, cf. Figure 17), the simulated impedance equals R// = 1.2 kΩ as expected, and the bandwidth (for Z = 850 Ω) is 2472 − 2440 = 32 MHz, so the quality factor is given by Q = 2455/32 = 76.



The goal is now to realize a negative resistor that has to compensate for R//. The size W/L of PA and PB and the minimum value of IREF (generated by N1 through VBIAS) need to be determined. First, W = 100 µm was chosen to achieve some values of IREF higher than a few mA. By adjusting in simulation the size of L from 30 nm to 120 nm to perform a negative resistor, the slope of the circuit, |IOUT/VDS|, exhibits a non-linear trend, initially increasing and then decreasing until reaching its peak at approximately L = 80 nm. Notably, the output signal demonstrates its maximal amplitude and shortest response time when L is set to 80 nm. Finally, to determine the minimum value of IREF for the oscillation’s start, an ideal current generator was used to replace N1. The simulation results exhibit a value of IREFmin = 2.3 mA. To achieve this current with a low value of VBIAS (0.5 V for example), the size of N1 is W/L = 30 µm/30 nm. Figure 18 gives the different sizes of the components.



The results of the different transient and phase noise simulations are summarized in Table 1. In fact, for these simulations, an ideal current generator was kept instead of transistor N1. These results show that the oscillation frequency is quite stable and the best compromise between settling time, power consumption (cf. IREF), and phase noise is achieved for IREF = 5.0 mA (i.e., VBIAS = 0.6 V). Depending on the application, it is possible to adjust the phase noise to power consumption ratio while maintaining the same frequency resonance.



Figure 19 and Figure 20 illustrate, respectively, the transient simulation and phase noise characteristics of the circuit when IREF was set to 5.0 mA (VBIAS = 0.6 V). In Figure 19a, the periodic output signal is displayed, with a settling time equal to 45 ns. In Figure 19b, the oscillation signal is scaled up to measure the oscillation frequency, which is found to be 2.37 GHz.



The power-delay product (PDP) of this oscillator was calculated using Equation (7) [17], which is 3.86 fJ. The phase noise is −114 dBc/Hz @1 MHz, as shown in Figure 20.


   PDP      fJ   =    power      mW      maximum   frequency      GHz      



(7)







Then, the total output capacitance of the current mirror was extracted, which is very close to CDS(PB). This value equals Cout = 0.3 pF. The total capacitance of the LC tank is CT = 4.2 + 0.3 = 4.5 pF, giving a resonance frequency f0 = 2.37 GHz, as found in the simulation.




5. Comparison with Classical LC Tank VCO


Due to its performance in terms of phase noise, the most popular LC tank VCO is based on a differential cross-coupled structure to realize the negative resistor, as depicted in Figure 21 [18]. However, the tail current transistor, MT in Figure 21, is one of the biggest noise contributors of this structure [19]. Different techniques to reduce this noise have been proposed, such as sinusoidal tail current shaping [20], tail current flicker noise reduction by complementary switched biasing [21], sinusoidal shaping of the ISF [22], novel tail current noise second harmonic filtering [23], … A significant and interesting contribution was proposed in 2007 [24] using SOI technology. In fact, the technology was PD (partially depleted) SOI, which allows to suppress the tail current transistor. The biasing current is directly modulated by the body voltage of the differential cross-coupled transistor pair, as depicted in Figure 22. More recent results have been published using FinFET or FDSOI technology [25,26,27]. Table 2 provides a comparison of LC tank performance with these latest works. The FOMs of the different circuits are quite similar, but this work exhibits a better phase noise with higher power consumption. The FOM is given by relation (8).


  FOM = − L    f m    + 20 log      f 0     f m      − 10 log      P  DC     1 mW      



(8)







These results show that our structure is more or less at the state of the art with a better phase noise and a simpler design, so with a very low-silicon area. Other comparisons between LC tank and RTW VCOs or LC tank and Ring VCOs can be found, respectively, in [28,29]. Moreover, another LC tank design in 22 nm technology is depicted in [30]. This paper, dedicated to SEU mitigation, also gives a comparison with two other published results.




6. Conclusions


In this paper, a novel back-gate control technique using UTBB-FDSOI transistors was presented that effectively reduces the SCE and DIBL effects in analog cells. By reducing these effects, it is able to decrease the size of the analog cells while maintaining their performance and reliability. Furthermore, it has been demonstrated that overcompensating the SCE and DIBL effects can create a negative resistor circuit, which was utilized to design and implement a negative resistance for the LC tank oscillator. According to our simulations, the LC tank oscillator exhibits stable oscillations at a frequency of 2.4 GHz with an optimal length of 80 nm (for W = 100 µm), while maintaining a low phase noise of −114 dBc/Hz @1 MHz at a VBIAS of 0.6 V.



These first results mainly served as proof of concept of this new topology; however, it is possible to improve the performance of this circuit. It is thus possible to reduce the total consumption of this circuit by a factor of 2 by modifying the size of transistors N1 and PA (cf. Figure 18). Therefore, if we divide the width of these two transistors by a factor of 10 (i.e., WN1 = 3 µm instead of 30 µm and WPA = 10 µm instead of 100 µm), the current IREF is only 0.5 mA while the current in the output transistor (PB) remains at 5 mA for VBIAS = 0.6 V. This modification does not change the output current or the negative value of the equivalent resistance but allows the total consumption to be reduced to 5.1 mW instead of 9.26 mW. This modification also allows the size of the final integrated circuit to be reduced.



Finally, we can replace the capacitance C of the LC tank by an NMOS varactor in order to produce a VCO, which can be integrated into a PLL, for example, to realize a transceiver. In this regard, we can note that the performance of the final circuit will not be sensitive to technological variations of the transistors used. The value of the negative resistor depends little on the size of the PB transistor if this length remains between 50 and 100 nm. We will conduct further studies, including process, voltage, and temperature (PVT) and Monte Carlo simulations, to fully evaluate the stability of the negative resistance and the performance of the LC VCO. However, it should be noted that this is more engineering work than research.
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Figure 1. Limitations of the Moore Law for analog circuits. 
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Figure 2. From bulk to UTBB MOS transistor. 
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Figure 3. Advantages of FDSOI technology for analog design [11]. 
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Figure 4. Illustration of the back-gate biasing. 
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Figure 5. VTh variation versus bulk or back-gate biasing [13]. 
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Figure 6. Basic current mirror. 
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Figure 7. Basic current mirrors with two different back-gate configurations: (a) with one back-gate control and (b) two calibrated back-gate control. 
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Figure 8. Comparison with different back-gate configurations. 
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Figure 9. Implemented structure where the red wires correspond to the back-gate control. 
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Figure 10. Simulations of a current mirror with BG control for different lengths of the output transistor. 
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Figure 11. Layout of the two current mirrors. 
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Figure 12. Comparison between measurements and simulations with back-gate control. 
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Figure 13. Comparison between measurements and simulations without back-gate control. 
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Figure 14. Simulation results for different lengths of the transistor with 1 mA. 
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Figure 15. LC tank oscillator based on new negative resistor where the red wires correspond to the back-gate biasing for each transistor. 
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Figure 16. Layout of the 1 nH inductor. 
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Figure 17. Impedance of the LC tank versus frequency. 
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Figure 18. Sizing of the LC tank oscillator (The red wires correspond to the back-gate biasing of each transistor). 
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Figure 19. Transient simulations: (a) settling time and (b) steady state. 
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Figure 20. Phase noise simulation with VBIAS = 0.6 V. 
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Figure 21. Differential cross-coupled LC oscillator: (a) CMOS, (b) NMOS, (c) PMOS [13]. 
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Figure 22. LC oscillator in PDSOI technology with body voltage control. 
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Table 1. Performances for different values of VBIAS.
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VBIAS (V)

	
IREF (mA)

	
Settling Time (ns)

	
fosc (GHz)

	
PN (dBc/Hz @1 MHz)






	
0.1–0.4

	
No oscillation




	
0.5

	
2.3

	
80

	
2.38

	
−113




	
0.6

	
5.0

	
45

	
2.37

	
−114




	
0.7

	
7.4

	
30

	
2.36

	
−112




	
0.8

	
8.8

	
26

	
2.36

	
−111




	
0.9

	
9.6

	
25

	
2.36

	
−111




	
1.0

	
10.1

	
25

	
2.36

	
−111











 





Table 2. LC tank performance summary and comparison.






Table 2. LC tank performance summary and comparison.





	Reference
	[25]
	[26]
	[27]
	This Work





	Technology (nm)
	22 FinFET
	28 BULK
	22 FDSOI
	28 FDSOI



	Supply Voltage (V)
	0.85
	0.35
	0.8
	1



	fosc (GHz)
	16
	2.4
	24
	2.4



	PN@1 MHz (dBc/Hz)
	−98
	−110
	−93
	−114



	Power Dissipation (mW)
	5.94
	1.3
	20
	9.26



	FOM (dB)
	174
	176
	168
	172



	Simulation or measurement results
	Measurement
	Measurement
	Simulation
	Simulation
















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2024 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).








Check ACS Ref Order





Check Foot Note Order





Check CrossRef













media/file8.jpg
Vbb (V)






media/file27.png
L=30nm

L=40nm
L=10C
n:o ol.l 0:3 0.5 0.6 0:'? 0.8 0.9





media/file43.png
IV
W ajusi
by .4 b
=l PMOS |
Yiohe
by b Nl
=l MO |
Chxed
|
><
W by |_E‘ E‘






media/file44.png





media/file12.jpg
Vbias.






media/file14.jpg
w——vithout back-gate control

-

=—one back-gate control

= with two calibrated back-gate control






media/file35.png
W = 100pm P, Py W =100pm
L = 80nm I d l L = 80nm
(VOUT}
N1 I 30um
! 30nm L=1nH
Ve C=4.2pF __

R=0.2Q






media/file20.jpg
eZzA






media/file5.png
Efficient Short Devices Improved Analog Perf. Improved Noise

. Sl NMOS_SO|_W=s{m)
Gmigds : analogue DC gain ,LGmfld@ WL g . -u-....
- : & e we] e A .
28 FD-S0| : ammlﬁy—l et F P
p—r - a : - 1:= -]
3 SR _- iR W o | ¥ . e ~0 .
- _.____'_,__-——"‘"' ot L BBLPHKMG | : - - NRVT_Bulk_W=3(pm) —
2B HIMG W[ § | S IN— ) [ § -
r R B Lol e e, ® LT
= £ ..'rﬁm'Er h"EL“— g"‘ I:-“' "n‘
Gate length - Higher Gm for a given current density ": N F™
T p—rt , Cag, TFium @ WiL=10 / el el
it 2BLF HKMG | | 2L HKME }-," ] NMOS H—_
ii -~ S - | =
i S e H N ""J - bl -
T - - “Brhl “ = : ‘
. LR b Tamv\ sl Eq.-
o o I”ﬂlﬂ m"" - - o - - :_
- Efficient use of short devices : - Lower gate capacitance T i
= High analogue gain & Low L
- LowVimismatch (Avt ~ Zimifpm) Higher achievable bandwidth or | | - Same normaized drain cursn