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The IEEE VLSI Circuits and Systems Letter (VCAL) is affiliated with the Technical Committee on VLSI (TCVLSI) 

under the IEEE Computer Society. It aims to report recent advances in VLSI technology, education and opportunities 

and, consequently, grow the research and education activities in the area. The letter, published quarterly (from 2018), 

covers the design methodologies for advanced VLSI circuit and systems, including digital circuits and systems, hardware 

security, design for protection, analog and radio-frequency circuits, as well as mixed-signal circuits and systems. The 

emphasis of TCVLSI falls on integrating the design, secured computer-aided design, fabrication, application, and business 

aspects of VLSI while encompassing both hardware and software. 

 

IEEE TCVLSI sponsors a number of premium conferences and workshops, including, but not limited to, ASAP, ASYNC, 

ISVLSI, IWLS, SLIP, and ARITH. Emerging research topics and state-of-the-art advances on VLSI circuits and systems 

are reported at these events on a regular basis. Best paper awards are selected at these conferences to promote the high 

quality research work each year. In addition to these research activities, TCVLSI also supports a variety of educational 

activities related to TCVLSI. Several student travel grants are sponsored by TCVLSI in the following meetings: ASAP, 

ISVLSI, IWLS, iSES (formerly iNIS) and SLIP. Funds are provided to compensate student travels to these meetings as 

well as attract more student participation. The organizing committees of these meetings undertake the task of selecting 

right candidates for these awards. 

 

The current issue of VCAL showcases the state-of-the-art developments covering several important articles: ‘Threshold 

Inverter Quantizer-Based CMOS Phase-Locked Loop Design with Improved VCO Performance’ and ‘Optimization of 

Double-gate Dual material GeOI-Vertical TFET for VLSI Circuit Design’. The peer-reviewed articles can be found in the 

section of “Features Articles”. In the section of “Updates”, upcoming conferences/workshops, call for papers and 

proposals, funding opportunities, job openings, conference report and Ph.D. fellowships are summarized. 
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Abstract – This paper presents a new structure of phase-locked loop (PLL) circuit, which is designed in TSMC 0.18 µm 

n-well CMOS process and 1.8V supply voltage. A standalone component threshold inverter quantizer (TIQ) is proposed 

to sample, discretize and convert the continuous-time signal from the voltage-controlled oscillator (VCO) to a digital 

domain. TIQ is chosen because of its simple structure, speed, fully CMOS compatible and occupies less silicon area. The 

non-linearity in VCO introduces harmonic distortion which can significantly degrade the performance of PLL. The TIQ 

re-constructs the signal from VCO by getting rid of spurious signals that appear at the output of voltage-controlled 

oscillator. The variation in control voltage and non-linearity in VCO are also minimized. We also investigated the 

performance of VCO in terms of tuning range and phase noise. The results show that VCO has a wider tuning range with 

linearity of 76.5% over 1 GHz center frequency and phase noise is -94 dBc/Hz measured at 1 MHz offset frequency. In 

addition, the figure of merit (FOM) of the voltage-controlled oscillator is -159.69 dBc/Hz.  

 

1. Introduction 
 

Phase-locked loop (PLL) is a very important circuit that is widely used in many fields of electrical engineering such 

as high-speed communication systems, power electronics, control systems, computer applications, information and signal 

processing etc. [1]. A PLL is highly preferred because it is a feedback system that locks the on-chip clock phase to that of 

the input frequency and can also survive in a single chip [2]. It is not only that the PLL is an existing technology but also 

proven to be relevant in current trend devices and for future technological advancements. Phase-locked loops are 

inevitably affected by noise and interference in their operation. As each module in the PLL is not ideal, active and passive 

components introduce noise and deteriorate the output phase noise [3]. It is, however, desirable to improve the 

performance of the phase-locked loop in terms of its phase noise, tuning range, reliability, lock time, power consumption 

etc. [4, 5]. There are two main sources that contribute to the PLL output phase noise; in-band phase noise from reference 

clock and the out-of-band phase noise from voltage-controlled oscillator (VCO). One of the interesting ways to achieve 

analog-to-digital (A/D) conversion in modern mixed-signal circuits is using a VCO-based quantization technique [6-8]. 

This is because VCO-based quantizer has a great potential ability to achieve first-order noise shaping of their quantization 

noise [9]. In addition, the nonlinearity of VCO voltage-to-frequency tuning curve is mitigated by placement of the VCO-

based quantizer within a continuous-time (CT) ƩΔ analog-to-digital converter (ADC) [10]. This includes reducing the 

noise-effects of analog control for a voltage-controlled oscillator (VCO). Therefore, it is quite essential to convert the 

VCO continuous-time output to digital, which then serves as the input to frequency divider in the phase-locked loop. 

Other methods have proposed LC oscillator structure because of its low phase noise contribution. Damping resistor is 

incorporated in the design of voltage controlled oscillator in order to eliminate the noise associated with carrier traps in 

semiconductor devices [11]. In [12], PMOS transistors are configured as active resistors and introduced in between the 

cross coupled pair of VCO. These methods have proven effective in reducing flicker noise, but they have generic problem 

of large silicon area consumption. Similarly, transconductance concept is employed to reduce phase noise in active Q-

enhanced VCO [13], but it suffers from high power consumption and only reduces the phase noise by a small fraction. 

PMOS transistors, which function as active resistors, are introduced in between cross-coupled pairs of VCO [12]. This 

configuration produces a small resistance in the saturation region which reduces the flicker noise significantly. 

Nevertheless, the high resistance in the triode region degrades its Q-factor.  

 

 In this work, we propose an additional standalone component, called quantizer, for the novel phase locked loop 

structure. This block consists of a sampler and threshold inverter quantizer (TIQ), which converts the voltage-controlled 

oscillator analog output to digital. TIQ is chosen as the quantizer because of its simple structure and uses standard digital 

CMOS process, which makes it highly suitable for silicon-on-chip design (SoC). Threshold inverter quantizer functions as 
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a comparator or 1-bit quantizer. It is preferred over the op-amp based ladder network comparator circuit because it is 

faster, occupies smaller silicon area, and consumes less power. TIQ has been successfully implemented in CMOS flash 

analog-to-digital converter in order to remove error and improves linearity [14]. However, there is limited literature which 

has considered its implementation in phase-locked loop structures.  

 

The paper is organized as follows. Section 2 presents the proposed architecture and the design of each component of 

PLL. The results of the designed CMOS phase locked loop are fully discussed in Section 3 followed by conclusion in 

Section 4.  

 

2. Proposed Phase Locked Loop Architecture  
 

A simplified block diagram of proposed phase-locked loop is shown in Figure 1. It is similar to a conventional PLL 

structure, but with additional quantizer block. The proposed architecture consists of five main components namely phase 

frequency detector (PFD) and charge pump, loop filter, voltage-controlled oscillator, sampler and threshold inverter 

quantizer, and frequency divider. The PFD senses the phase difference between the reference clock and the feedback 

output from the frequency divider clock and generates switch signal for charge pump (CP). The CP charges and 

discharges the loop filter, the output voltage of which controls the VCO. The TIQ-based quantizer samples the continuous 

time output from the voltage-controlled oscillator and converts it to a digital format. Finally, the divider divides the 

frequency of the output signal at a pre-defined fraction N and connects the feedback signal back to the PFD.  

 
Figure 1: Block diagram of proposed phase locked loop structure. 

 

A.     Phase Frequency Detector/Charge Pump 
 

The Phase-Frequency Detector (PFD) is a well-known component that is commonly used to improve the capture 

range and the capture time of PLL circuit [15]. It detects any phase difference between the reference input signal and the 

feedback signal. Whenever the reference signal leads or lags the feedback signal from frequency divider, the output 

signals; UP and DOWN pulses, are generated based on the phase difference between of two signals as shown in Figure 2, 

These output signals then serve as control signals for charge pump. A PFD is therefore considered as a functional block, 

which produces output signals that are proportional to the phase difference between the reference input and feedback 

signal [16]. In this work, we employ a dynamic CMOS phase frequency detector. It uses two identical cascaded structures 

[17] which are designed in TSMC 0.18 µm CMOS process technology [18], and have their inputs depend on their 

respective outputs.   

 

 The dynamic PFD is chosen because it uses minimum number of transistors, capable of functioning 

effectively at high frequency with reduced blind-zone and consumes less power. In addition, the pre-charge type 

PFD is quite free from dead zone problem because it does not depend on reset signal, but rather on the arrival of 

the input signals. It is beneficial to use a PFD instead of just a phase detector in order to expand the frequency 

lock range. 
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                                        (a)                                                                                                 (b) 

Figure 2: Post-layout simulation of PFD (a) UP signal, (b) DOWN signal.  

 

The charge pump translates the digital form of UP and DN signals from PFD to charge pump current, ICP [19], which 

charges or discharges the loop filter in Figure 3. Capacitor C2 is added in order to remove higher order noises from PFD, 

reference spurs and reduce cycle to cycle jitter at the output [20].  

 
B.     Loop Filter 

  

The loop filter (LF) in Figure 3(a) is a lowpass filter, which consists of only passive elements. It is also referred to as 

passive integrator [10] and eliminates the op-amp power consumption of the active-RC filter, but at the expense of 

reduced low frequency gain. The combination of CP and LF circuits helps to reduce the disturbances and ripple at the 

input of voltage-controlled oscillator in order to obtain a smoother signal at the output. As shown in Figure 3(b), the 

output of CP/LF is regarded as the control voltage, Vctrl, which is used to adjust or tune the frequency of voltage 

controlled oscillator. The loop filter is responsible for filtering high frequency components and also controls the loop 

dynamics and transient response of phase-locked loop [21]. Therefore, the LF of a phase-locked loop needs to be carefully 

designed in order to prevent the loop from being unlocked due to small variations in input. The loop filter is a second 

order filter and its open loop transfer function is defined in equation (1). It has a unit of impedance, Ω, being the output 

generated from charge pump input current. The second-order filter is the highest order passive filter that can be built 

without series resistors between the charge pump and VCO tune line. Figure 4 presents the layout of combined phase 

frequency detector and charge pump. 

 

F(s) =
Vctrl(s)

I𝑐𝑝(𝑠)
=  

1+sR𝐶1

𝑠(𝐶1+𝐶2)+𝑠2𝑅𝐶1𝐶2
                                                                        (1)  

 
In [22], it is shown that increasing the order of loop filter strengthens the suppression of reference phase noise in the loop, 

but not the phase noise of VCO. So, another technique to minimize out-of-band phase noise is proposed and discussed in 

this work.  
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(a)                                                                                      (b) 

Figure 3: Loop filter (a) Equivalent circuit, (b) Post-layout simulation transient response of control voltage. 

 

 
Figure 4: Layout of PFD/CP. 

 
C.    Voltage-Controlled Oscillator 

 

A Voltage-Controlled Oscillator (VCO) is the most important building block in the phase locked loop [23, 24]. It 

generates desired frequency range depending on the input tuning voltage. Quite often, it determines the overall 

performance of PLL in terms of phase noise, tuning range and power consumption. In addition, it dominates almost all 

spectral purity performance of a frequency synthesizer. The phase noise of VCO causes reciprocal mixing which leads to 

interference and hinders the performance of the entire PLL system. It is, however, desirable to design a voltage controlled 

oscillator with reduced phase noise, wide tuning range, high stability and low power consumption. As shown in Figure 

5(a), a three-stage single-ended current starved voltage-controlled oscillator is used in this work. The output of LC 

oscillator produces low phase noise but has some drawbacks such as large consumption of silicon area, limiting self-

resonance frequency, and low quality factor of inductors [25]. Some of the benefits of a single-ended VCO are larger 

frequency swing, higher modulation sensitivity and for wide-band operation. 
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In the current starved VCO configuration of Figure 5(a), M2 and M3 form an inverter (delay stage), M4 and M6 operate 

as the biasing circuit, current mirror. M5 is controlled by Vctrl, and limits current flowing into M6. This action is, thus, 

replicated in other stages of VCO. The oscillator output is achieved through charging and discharging of equivalent 

capacitors of each stage of voltage-controlled oscillator. The oscillation frequency of the current starved VCO is given as 

[26]. 

𝑓𝑜𝑠𝑐 =
1

𝜂𝑁(𝑡𝑟+𝑡𝑓)
                                                                        (2) 

where N denotes the number of delay stages, 𝜂 is a constant, 𝑡𝑟 and 𝑡𝑓 are rise and fall times, respectively. 

 
        (a) 

 
       (b)  

Figure 5: Current starved VCO (a) Circuit diagram, (b) simulated oscillator transient analysis. 
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It is evident in Figure 5(b) of simulated transient response analysis that there is fluctuation in amplitude owing to non-

linearity in the gain of each stage of voltage-controlled oscillator [27]. Therefore, the VCO output is distorted and not full 

rail-to-rail voltage swing. 

 

D.   Threshold Inverter Quantizer 

 

Basically, a Threshold Inverter Quantizer (TIQ) consists of two cascaded CMOS inverters. It is based on transistor 

sizing [28] in which the first stage inverter sets the quantization level for the analog input signal by altering the voltage 

transfer characteristics (VTC), and the second ensures that TIQ performs the functions of a comparator circuit, which has 

internally set reference voltage. The switching or reference voltage for the comparator circuit can be generated through 

scaling of variable threshold inverter. Hence, there is no need of resistor array or ladder network for the generation of 

different reference voltages required for comparison. Typically, only the transistor channel length, L, is adjusted and 

keeping the width, W, fixed. The advantages are the power consumption is reduced and occupies smaller silicon area of 

the IC layout [29]. To increase the performance of threshold inverter quantizer, sampling and holding (S/H) circuit is 

highly desirable, most especially during metastable stage [28]. As shown in Figure 6(a), S/H is employed to keep the 

analog input stable for the least time required for digitization and the transmission gate is used as analog switch.   

The CMOS transistor channel length of each first inverter stage for any quantized sub-unit can be obtained from equation 

(3). It is very important that the second stage is identical to the first stage in order to maintain the same DC threshold level 

and keep the linearity in balance for voltage variations of high frequency inputs. 

 𝑉𝑠𝑤𝑖𝑡𝑐ℎ𝑖𝑛𝑔 =
𝑉𝐷𝐷−|𝑉𝑡𝑝|+𝑉𝑡𝑛√

𝐾𝑛
𝐾𝑝

1+√
𝐾𝑛
𝐾𝑝

                                                         (3) 

 

where the transconductance parameters for NMOS and PMOS are 𝐾𝑛 = (
𝑊

𝐿
)

𝑛
µ𝑛𝐶𝑜𝑥  and  𝐾𝑝 = (

𝑊

𝐿
)

𝑝
µ𝑝𝐶𝑜𝑥, 

respectively. In this case, 𝑉𝑡𝑝, 𝑉𝑡𝑛, µ𝑝, µ𝑛 are threshold voltages, hole and electron mobilities for NMOS and PMOS 

transistors, respectively. Figure 6(b) shows the layout of proposed sampler and quantizer. 

 

 In Figure 6(a), one of the main components of sampler and quantizer circuit is buffer. This is because it isolates the 

sampler stage from the quantizer and prevents loading of the input of TIQ. In essence, the operational amplifier is 

carefully designed in TSMC 0.18 µm n-well CMOS process to achieve low output impedance and relatively higher 

bandwidth. The result in Figure 7 shows that TIQ does not only convert the VCO continuous-time output signal to digital 

domain, but also buffers it to full voltage rail-to-rail. In addition, it blocks spurious VCO noise from propagating to the 

input of frequency divider. 

 

 
(a) 
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           (b) 

Figure 6: Sampler and Quantizer circuit (a) Circuit diagram and (b) layout. 

 
Figure 7: Post simulation result of TIQ. 

 

E.     Frequency Divider 

 

A frequency divider (FD) circuit returns the feedback signal from the output of VCO back to the input of phase 

frequency detector. Its main purpose is to generate a periodic output signal, which is a fraction of its analog/digital input 

signal. Although FD takes both analog and digital input, it works more efficiently and faster with digital input because it 

does not have to sample the continuous-time output phase deviation of the VCO. Rather, it only divides or scales the 

digital input by a fraction, N. An ideal frequency divider reduces the inherent phase noise of the input signal by a factor of 

20log (N). However, it does not have any influence on VCO contributions to the phase noise. Therefore, it is worth 

considering that the noise from VCO be filtered prior to applying to the input of frequency divider. A CMOS divide-by-

four divider circuit [30] is implemented in this work. The circuit consists of a ring of inverters separated by transmission 
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gates. This FD topology is more preferred to D flip-flop implementation because it has high speed of operation and 

consumes low power. The divider uses an inverter ring approach. Figure 8 shows the post layout simulation of the 

designed frequency divider. The output generated by FD is feedback into the input of phase frequency detector, where an 

error signal is produced by comparing the phases of reference and feedback signals [31, 32].  

 

 
Figure 8: Post-layout simulation results of frequency divider. 

3.   Result and Analysis 
 

The design of wide tuning range PLLs have been for a longtime interesting most especially in digital integrated 

systems [33, 34]. As VCO is considered as the heart of the whole phase-locked loop system, its characteristics such as 

frequency tuning range and phase noise have large influence on the overall performance of PLL. Depending on 

applications, it is desired for certain phase-locked loop to have a wider tuning range, but not so large as to degrade phase 

noise. Because of wide tuning range, it is quite possible to gain a whole lot of control over the PLL locking characteristics 

and can as well be used in wide range of operating conditions. The gain of VCO, 𝐾𝑉𝐶𝑂, is given in equation (4) and is 

usually specified in MHz/V. Figure 9 presents the VCO tuning or transfer characteristics. The result shows that the 

minimum and maximum oscillating frequencies of current starved VCO are 0.355 GHz and 1.12 GHz respectively. The 

tuning range is evaluated as 0.765 GHz, which is 76.5% linearity over the 1 GHz center frequency.  

 

𝐾𝑉𝐶𝑂 =
𝛥𝑓𝑜𝑠𝑐

𝛥𝑉𝑐𝑡𝑟𝑙
                                                               (4) 
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Figure 9: Tuning characteristics of Voltage Controlled Oscillator. 

 Similarly, analog signals processed by integrate circuits are corrupted by classes of noise such as device electronic 

noise and interference or environmental noise. In this paper, we only discuss the device noise (thermal and flicker noise) 

because these are the major sources of phase noise dominance at high offset frequencies [35]. Oscillator is responsible for 

most of the noise at the output of the majority of designed frequency synthesizers. Its phase noise can cause significant 

phase jitter and frequency instability, which degrades the tracking performance of phase locked loop.  In Figure 10, the 

oscillator phase noise is obtained as -94 dBc/Hz at 1 MHz offset. The phase noise is dominated by flicker (1/f) noise at 

low frequency and predominantly white noise at high frequency.  

 
Figure 10: Simulated phase noise of VCO at 1 GHz carrier. 
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Figure 11: VCO Power Consumption. 

 

 Figure 11 shows the total power consumption when the VCO operates over the range of frequency. From the VCO 

tuning characteristics in Figure 9, the oscillating frequency varies linearly with the control voltage which implies that 

more power is consumed at higher frequency as given in equation (5). The average power is estimated as 268.57 µW. 

    

P𝐷𝑦𝑛𝑎𝑚𝑖𝑐 = 𝑓𝑉𝑑𝑑
2𝐶𝑙                                                                                    (5) 

 

 Table 1 summarizes the measured performances of the voltage-controlled oscillator in our proposed structure in 

comparison with the work published earlier. 
Table 1 

Comparison of Performance of Voltage-Controlled Oscillator 

 

Specifications [36] [37-39] [40] [41] [42] This work 

Technology (nm) 
CMOS 

65 500 90 65 130 180 

Supply Voltage (V) 1.2 3 1.2 1.2 1.2 1.8 

Center Frequency 
(GHz) 

1.53 1.2 5 25.6 0.8 1 

Tuning Range 
(%) 

57 41.7 72 14.7 50 76.5 

Phase Noise 
(dBc/Hz) @ 1MHz 

-127.8 -104 -105 -95.2 -105.2 -94 

Maximum 
Frequency (GHz) 

2.25 1.4 7.1 27.6 0.95 1.12 

 

 Similarly, we compute the figure of merit (FOM) for VCO as -159.69 dBc/Hz using equation (6), 

                                       FOM = L(Δf) − 20log (
f0

Δf
) + 10log (

Pcons

1mW
)                                                        (6) 

where L(∆f ) is the VCO phase noise at the offset frequency ∆f, f0 is the center frequency and Pcons denotes power 

consumption. 
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4. Conclusion 
 

The advantages of threshold inverter quantizer (TIQ) in phase-locked loop design is highlighted in this paper. TIQ 

has the ability to convert continuous-time signal from VCO to digital domain and eliminate spurious signals that appear at 

the output of VCO, which prevents the input of frequency divider from being excessively contaminated with noise. The 

tuning voltage is less varied; thus, it improves the linearity of voltage-controlled oscillator. The proposed novel structure 

achieves a tuning range of 76.5% and phase noise of -94 dBc/Hz measured at 1 MHz offset frequency. The VCO also 

shows an excellent figure of merit (FOM) of -159.69 dBc/Hz. Our work shows a higher performance in terms of wider 

tuning range and lower phase noise. Furthermore, the voltage controlled oscillator consumes only 0.27 mW with a supply 

voltage of 1.8V.  

 

References 

 

1. W. Zhang and W. Nan-Jian, “A novel hybrid phase-locked-loop frequency synthesizer using single-electron devices 

and CMOS transistors,” IEEE Transactions on Circuits and Systems—I: Regular Papers, vol. 54, no. 11, pp. 2516-

2527, 2007. 

2. N. Ahmad, N. A. Binti Ishaimi and M. H. Jabbar, “Charge pump and loop filter for low power PLL using 130nm 

CMOS technology,” IOP Conf. Series: Journal of Physics: Conf. Series 1049 012060, 2018. 

3. Z. Huang, B. Jiang and H. C. Luong, “A 2.1-GHz third-order cascaded PLL with sub-sampling DLL and clock-skew-

sampling phase detector,” IEEE Transactions on Circuits and Systems I: Regular Papers, vol. 1, pp. 1-9, 2017. 

4. H. T. Nicholas and H. Samueli, “A 150-MHz direct digital frequency synthesizer in 1.25-µm CMOS with-90-dBc 

spurious performance,” IEEE J. Solid State Circuits, vol. 26, 1959–1969, 1991. 

5. T. D. Loveless, et al., “A hardened-by-design technique for RF digital phase-locked loop,” IEEE Trans. Nucl. Sci., 

vol. 52, pp. 3432–3438, 2006. 

6. A. Iwata, “The architecture of delta sigma analog-to-digital converters using a VCO as a multibit quantizer,” IEEE 

Trans. Circuits Syst. II, Analog Digit. Signal Process, vol. 46, no. 8, pp. 941–945, 1999.  

7. R. Naiknaware, H. Tang and T. Fiez, “Time-referenced single-path multi-bit ADC using a VCO-based quantizer,” 

IEEE Trans. Circuits Syst. II, Analog Digit. Signal Process, vol. 47, no. 6, pp. 596–602, 2000. 

8. E. Alon, V. Stojanovic and M. Horowitz, “Circuits and techniques for high-resolution measurement of on-chip power 

supply noise,” IEEE J. Solid-State Circuits, vol. 40, no. 4, pp. 820–828, 2005. 

9. M. Hoven, A. Olsen, T. S. Lande and C. Toumazou, “Novel second order modulator/frequency-to-digital converter,” 

Electron. Lett., vol. 31, pp. 81–82, 1995. 

10. M. Z. Straayer and M. H. Perrott. “A 12-Bit, 10-MHz Bandwidth, Continuous ƩΔ ADC with a 5-Bit, 950-MS/s 

VCO-Based Quantizer,” IEEE J. Solid State Circuits, vol. 43, no. 4, pp. 805–814, 2008. 

11. S.-J. Yun, C.-Y. Cha, H.-C. Choi and S.-G. Lee, “RF CMOS LC-oscillator with source damping resistors,” IEEE 

Microwave and Wireless Component Letters, vol. 16, no. 9, pp. 511–513, 2006.  

12. J. Sun, C. C. Boon, X. Zhu, X. Yi, K. Devrishi and F. Meng, “A low-power low-phase-noise VCO with self-adjusted 

active resistor,” IEEE Microwave and Wireless Component Letters, vol. 26, no. 3, pp. 201-203, 2016. 

13. S. S. Rout and R. K. Patjoshi, “A Low Phase Noise Active-Q Enhanced Voltage Controlled Oscillator,” IEEE VLSI 

Circuits and Systems Letter, vol. 6, no. 2, pp. 1-6, 2020.  

14. J. Yoo, K. Choi and D. Lee, “Comparator Generation and Selection for Highly Linear CMOS Flash Analog-to-

Digital Converter,” Analog Integrated Circuits and Signal Processing, vol. 35, no. 2-3, pp.  179-187, 2003. 

15. M. Soyuer and R.G. Meyer, “Frequency limitations of a conventional phase-frequency detector,” IEEE Journal of 

Solid-State Circuits, vol. 25, no. 4, 1990. 

16. F. Barale, Frequency Dividers Design for Multi-GHz PLL Systems. Master’s Thesis, Georgia Institute of 

Technology, Atlanta, GA, USA, 2008.  

17. S. Li and M. Ismail, “A high-performance dynamic-logic phase frequency detector,” Chapter 28, C. Toumazou, G. 

Moschytz and B. Gilbert, Trade-offs in analog circuit design: the designer’s companion, The Netherlands: Kluwer 

Academic Publishers, 2002. 

18. B. Razavi, Monolithic Phase-Locked Loops and Clock Recovery Circuits: Theory and Design; John Wiley & Sons 

Inc.: Hoboken, NJ, USA, 1996. 

19. A. Rajwardan, Design and Simulation of a Charge-Pump Phase-Locked Loop in 65 nm CMOS Technology. Master’s 

Thesis, University of Illinois, Urbana-Champaign, IL, USA, 2016. 



11 

VLSI Circuits and Systems Letter   Volume 6 – Issue 3  August 2020 

20. H. Djahanshahi, C. Andre and T. Salama, “Differential CMOS circuits for 622–MHz/933–MHz clock and data 

recovery applications,” IEEE J. Solid State Circuits, vol. 35, pp. 847–855, 2000. 

21. Y. Sheng, J. Lars, G. Ian, “Techniques for In-band Phase Noise Suppression in Re-circulating DLLs,” IEEE 2003 

Custom Integrated Circuits Conference, 2003, pp. 297-300.  

22. S. Mirabbasi and K. Martin, “Design of loop filter in phase-locked loop,” Electronic Letters, vol. 35, no. 21, pp. 

1801-1802, 1999. 

23. E. Xiao, J. S. Yuan and H. Yang, “Hot-carrier and soft-breakdown effects on VCO performance,” IEEE Transactions 

on Microwave Theory and Techniques, vol. 50, no. 11, pp. 2453-2458, 2002. 

24. J. Korte and M. Hübner, “Reactive current compensation method for PFC applications based on SOGI-PLL,” IEEE 

VLSI Circuits and Systems Letter, vol. 5, no. 2, pp. 1-10, 2019.   

25. M. M. Reja, C. J. M. Verhoeven and I.M. Filanovsky, “Analysis of wide tuning range CMOS VCO with active 

inductors,” 2010 53rd IEEE International Midwest Symposium on Circuits and Systems, 2010, pp. 93-96.  

26. R. J. Baker, CMOS: Circuit Design, Layout, and Simulation, Second Edition, Wiley IEEE Press, 2004. 

27. B. Razavi, Design of CMOS Phase-Locked Loops: From Circuit Level to Architecture Level; Cambridge University 

Press, New York, NY, USA, 2020. 

28. A. Tangel and K. Choi, “The CMOS Inverter as a comparator in ADC designs,” Analog Integrated Circuits and 

Signal Processing, vol. 39, no. 2, pp. 147-155, 2004. 

29. P. J. Uyemura, Fundamentals of MOS Digital Integrated Circuits, Boston: Addison-Wesley, 1998. 

30. C. E. Saavedra, “A Microwave Frequency Divider Using an Inverter Ring and Transmission Gates,” IEEE 

Microwave and Wireless Components Letters, vol. 15, no. 5, pp. 330-332, 2005. 

31. A. W. Rahajandraibe, L. Zaid, V. C. de Beaupre and J. Roche, “Low-gain-wide-range 2.4GHz phase locked loop,” 

14
th
 IEEE International Conference on Electronics, Circuits and Systems, pp. 26-29, 2007. 

32. N. O. Adesina and A. Srivastava, “Memristor-based loop filter design for phase locked loop,” J. Low Power 

Electron. Appl., vol. 9, no. 3, pp. 24, 2019. 

33. M. Mansuri and C. -K. K. Yang, “A low-power adaptive bandwidth PLL and clock buffer with supply-noise 

compensation,” IEEE J. Solid-State Circuits, vol. 38, no.11, pp.1804–1812, 2003. 

34. M. Brownlee, P. K. Hanumolu, K. Mayaram and U. -K. Moon, “A 0.5-GHz to 2.5-GHz PLL with fully differential 

supply regulated tuning,” IEEE J. Solid-State Circuits, vol. 41, no. 12, pp. 2720–2728, 2006. 

35. L. Forbes, C. Zhang, B. Zhang and Y.  Chandra, “Comparison of phase noise simulation techniques on a BJT LC 

oscillator,” IEEE Transactions on Ultrasonics, Ferroelectrics, and Frequency Control, vol. 50, no. 6, pp. 716-719, 

2003. 

36. J. Lina, Z. Songa, M. Weia, B. Chi, “A 6.6 mW 1.25–2.25 GHz low phase noise PLL frequency synthesizer based on 

wide tuning range Class-C VCO,” Microelectronics Journal, vol. 66, pp.119-127, 2017. 

37. Y. Liu, Phase Noise in CMOS Phase-Locked Loop Circuits, Ph.D. (Electrical Engineering), Louisiana State 

University, December 2012.   

38. Y. Liu, A. Srivastava and Y. Xu, “Switchable PLL frequency synthesizer and hot carrier effects,” Journal of Circuits 

and Systems, Vol. 2, No. 1, pp-45-52, 2011. 

39. Y. Liu and A. Srivastava, “CMOS phase-locked loop circuits and hot carrier effects,” J. Low Power Electronics, vol. 

8, no. 3, pp. 304-316, June 2012. 

40. S. Min, T. Copani, S. Kiaei and B. Bakkaloglu, “A 90-nm CMOS 5-GHz ring-oscillator PLL with delay-

discriminator-based active phase-noise cancellation,” IEEE Journal of Solid-State Circuits, vol. 48, no. 5, pp. 1151-

1160, 2013. 

41. S. You, C. Zhang, F. Yuan, Y. Zhang and Y. Zhang, “A 65 nm CMOS phase-locked loop for 5G mobile 

communications,” 2019 Photonics & Electromagnetics Research Symposium - Fall (PIERS - Fall), Xiamen, China, 

2019, pp. 2180-2185. 

42. C. Zhang, Analysis and Design of a Low-Power Low-Noise CMOS Phase-Locked Loop. Master’s Thesis, Simon 

Fraser University, Burnaby, British Columbia, Canada, 2012.  

 

 

 

 

 

 

 



12 

VLSI Circuits and Systems Letter   Volume 6 – Issue 3  August 2020 

About the Authors 

 
Naheem Olakunle Adesina (nadesi1@lsu.edu) is currently pursuing his Ph.D degree in Electrical and Computer 

Engineering at Louisiana State University, Baton Rouge, U.S.A. He received his B.Tech degree from Ladoke 

Akintola University of Technology, Ogbomoso, Nigeria and M.Sc. degree from Obafemi Awolowo University, 

Ile-Ife, Nigeria. Naheem is a Student Member of IEEE and has won academic awards and scholarship. His 

research interests focus on memristive devices, analog and mixed signal VLSI design, signal and information 

processing. 

 

 

 

Ashok Srivastava (eesriv@lsu.edu)  is a Distinguished Professor of Electrical and Computer Engineering in the 

School of Electrical Engineering and Computer Science at Louisiana State University, Baton Rouge, Louisiana, 

U.S.A. Dr. Srivastava serves as an Associate Editor on the Editorial Board of IEEE Transactions on 

Nanotechnology, as a Member of the Editorial Board of the Journal of Low Power Electronics and Applications 

and is Editor-in-Chief of the Journal of Sensor Technology published by the Scientific Research, U.S.A. Dr. 
Srivastava is a Life Senior Member of IEEE, Electron Devices, Circuits and Systems, Solid-State Circuits 
Societies, and Computer Society, Member of IEEE Nanotechnology Council, Member of TCVLSI, Sr. Member 

of SPIE (elevated to Sr. Member, 2015 for Achievements in Smart Sensors and CMOS-MEMS Microsystems), Member of ACM, 
ECS and ASEE. His research interests are in Low Power VLSI Circuit Design and Testability (Digital, Analog and Mixed-
Signal); Neuromorphic Chip Design; Nanoelectronics (Non-classical Device Electronics with focus on Carbon Nanotube, 
Graphene and other 2D materials for post-CMOS VLSI and Emerging Integrated Electronics); Noise in Devices and VLSI 
Circuits; RF Integrated Circuits; Semiconductor Devices Modeling; Radiation-hard Integrated Circuits; and Low-Temperature 
Electronics. See his home page: https://www.lsu.edu/eng/ece/people/Faculty/srivastava.php 

 

mailto:eesriv@lsu.edu
https://www.lsu.edu/eng/ece/people/Faculty/srivastava.php


   
 

 

 

 

Features 
 

Optimization of Double-gate Dual material GeOI-Vertical TFET for VLSI 

Circuit Design 
Tulika Chawla

1
, Mamta Khosla

1 
and Balwinder Raj

2
 

1 Department of Electronics and Communication Engineering, National Institute of Technology, Jalandhar, 

India. 

2 Department of Electronics and Communication Engineering, NITTTR, Chandigarh, India. 

Abstract— In this article, Double gate Dual material Germanium on insulator Vertical tunnel field effect transistor 

(DGDM-GeOI VTFET) device is proposed for Ultra-low power and high performance applications. The gate metal work-

function engineering improves the performance of the device in terms of increasing on-state current, reducing off-state 

current and suppressing the ambipolar current. The low band gap material germanium is used in the source region to 

increase the on-state current and silicon in drain to reduce off-state current. In order to increase the abruptness and Ion/Ioff 

ratio of the device, the source region is overlapped with the tunnel metal-gate electrode. 2D-simulations are carried out on 

ATLAS Silvaco simulation tool. The optimized device performance parameters such as: high on-state current (Ion) of 

1.76x10
-5

 A/µm, high current ratio (Ion/Ioff) of 3.51x10
11

, high on-state current to ambipolar current (Ion/Iamb) of 1.086x10
9
, 

small average subthreshold-swing (SSavg) of 14.684 mV/decade and small threshold voltage (Vth) of 0.12 V have been 

achieved. The achieved parameters of the designed device have been compared with those of the existing reported 

devices. It has been shown that with the proposed device, increase in Ion/Ioff by a factor of 10
2
, decrement in the off-state 

current (Ioff) by a factor of 10
3
, decrease in the threshold voltage (Vth) by a factor of 1.49, and reduction in the SSavg by a 

factor of 1.44  have been achieved in comparison to the latest reported device. Further fairly high transconductance of 

8.5x10
-5

 S/µm is achieved along with high Ion/Ioff  ratio. This proposed structure needs less space on the wafer due to 

vertical alignment of source, channel and drain regions. 

1. Introduction 

For Ultra-low power applications, TFET is a promising device because it overcomes the problem of 
subthreshold swing (SS) as this is present in MOSFETs [1]. The mechanism of carrier transport in 
MOSFETs is Thermionic emission, so SS cannot be less than 60mV/decade [2]. But by employing Band to 
Band tunneling (BTBT) process, TFET [3] can achieve SS below 60mV/dec. However, still conventional Si-
TFET [4, 5] cannot be used as a commercial device due to low on-state current, large SSavg 
(≈52.8mV/decade), large threshold voltage and small Ion/Ioff ratio (≈104). In order to compute the 
tunneling probability, the Wentzel Kramers-Brillouin (WKB) approximation [6] is used that is given in 
(1). 

                                                                          𝑇(𝐸) = 𝑒
(

−4λ√(2𝑚∗)𝐸𝑔
3/2

3|e|ħ(𝐸𝑔+ΔΦ)
)

                                                                        (1) 

Where Eg, m*,ΔΦ and λ is the bandgap energy, effective carrier mass, energetic difference between the 

conduction band of channel and valence band of source and screening length respectively. Here screening 

length can be expressed as;  λ = √
ε𝑠𝑖

ε𝑜𝑥
𝑡𝑜𝑥𝑡𝑠𝑖 . Where λ can be reduced via high-k gate dielectric material or via 

thin gate oxide, this can lead to increase the tunneling probability. The value of tunneling current of the device 

can be computed from equation (2): 

                                                                        𝐼 ∝ 𝑒
(

−4λ√(2𝑚∗)𝐸𝑔
3/2

3|e|ħ(𝐸𝑔+ΔΦ)
)

. (ΔΦ)                                                                  (2) 
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Thus, from (1) and (2), it is clearly defined that tunneling probability and current depend upon the screening 

length, gate oxide thickness, dielectric constant, bandgap of the material and effective carrier mass of the 

material. Conventional Si-TFET have low on-state current (Ion) and large SSavg   due to high effective mass and 

large bandgap [6]. So, this is necessary to remove all these problems to make TFET as a commercialized device 

for Low power applications [26]. 

             To boost the performance of TFET, researchers exploit different ways of engineering on the device. 

Hetero-structures [7] with small effective mass materials are used in source region. Material engineering is 

employed with direct band gap III-V compound semiconductor [8, 9] such as GaSb and InGaSb etc. improve 

the Ion current. Heterojunction structure [10, 11, 12] can bring a high Ion/Ioff ratio because small tunneling 

distance is achieved by hetero-junctions. High k-dielectric material can also increase the on-state current. In 

addition to improve on-state current, both the point and average SS improves as the consequence of the 

improved gate coupling provided by a high-κ dielectric material [10, 13, 14]. In addition to this, structural 

engineering is adopted to further improve the Ion current and Ion/Ioff ratio. Different shapes of TFET are reported 

such as U-shape TFET [23], symmetric U-shape TFET [27], L-shape TFET [28, 22] and T-shape TFET [29] to 

improve the performance parameters. Further pocket doping [31] is done in structure to enhance the 

performance of the device. Line tunneling is adopted to decrease the SSavg and high Ion current. Employing delta 

layer [34] is another different way to boost the performance of the device. Source engineering such as dual 

source [25] can provide double junction formation, this way also enhances the on-state current but still it has 

low off-state current (Ioff). The additional gate structures [10, 17, 33] like DGCMOS/DGTFET, GAA-TFET 

structures are used to increase the channel controllability, this can appreciably increase the on-state current but 

off-state current still in pico-amperes or femto-amperes. Different tunneling mechanisms [15, 16] are used in 

the structures such as point tunneling and line tunneling [40] which can further improve the device 

performance.  

                The above mechanisms are employed to improve Ion/Ioff ratio, increase Ion and decrease the SSavg but 

still there is a major problem that exists, and that is large ambipolar current [18, 19]. In order to overcome the 

Iamb current, dual material gate structure has been reported [20, 21]. However, very few reported structures are 

able to simultaneously improve the Ion and decrease the SSavg and also suppress the Iamb.  Therefore, the 

motivation behind this proposed work, has been to improve the performance of the device, simultaneously 

considering all the performance parameters such as: Ion, Ioff, Ion/Ioff, SSavg, Iamb, Ion/Iamb. This device is aptly 

suitable for ultra-low power and high-performance applications such as: Sensors for healthcare devices [14], 

environmental monitoring devices [19] and energy harvesting applications [43, 44, 45, 46]. An optimized 

structure of DGDM-GeOI VTFET shown in Figure 1 is designed to suppress the Iamb current and to increase the 

Ion with reduced value of SSavg.  

             This article is comprised of four sections: section 2 discusses the proposed structure of the device; 

section 3 explains framework of the simulation work, different tunneling mechanisms of BTBT tunneling, and 

also describes the optimization of gate-metal work-functions, channel length and gate to source overlap 

thickness in order to increase the performance of the device, section 4 discusses the status of the proposed 

device with respect to the previously reported structures; section 5, concludes the work.   

2. Proposed Device structure  

The structure of Germanium on insulator based Double gate dual material VTFET is shown in Figure 1 which is 

similar to pillar shape and the p+ Ge source is overlapped with tunnel gate metal electrode. The structure is 

composed of heavily doped (p++) Ge source, intrinsic(n+) Si-channel and heavily doped (n++) Si-drain. Ge is 

preferred to be used as source material due to small effective mass and low bandgap [5], this would increase the 

on-state current. Whereas, Si is used in the drain region to decrease the value of off-state current, as Si has high 

effective mass and high bandgap [3]. Hence in this way appropriate material engineering has been employed in 
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the structure to improve the Ion/Ioff   ratio of the device. The other interesting feature of the proposed device is 

vertical stacking of source, channel and drain so that consumption of space on wafer is minimized. The 

Germanium on insulator structure provides high mobility charge carriers and also decreases the leakage current. 

Hence GeOI additionally provides benefit in the improvement of Ion/Ioff ratio. The purpose behind designing a 

DGDM-GeOI VTFET device is to overcome the short comings of Double gate single material TFET such as 

low Ion, high Ioff, low Ion/Ioff, high Iamb and high SSavg. To tackle with the above shortcomings, the proposed 

structure gate metal electrode is divided into three metal gate work-functions: Tunnel gate (MG1), control gate 

(MG2) and auxiliary gate (MG3). The modulation in gate metal work-function improves the on-state current 

and also suppresses the ambipolar current. Further this device uses the concept of novel line/vertical tunneling 

as well as conventional tunneling (point tunneling/lateral tunneling), explanation of tunneling mechanism is 

discussed in section 3
 
of this article. The gate overlap with the source region causes line tunneling and gate 

overlaps with channel region causes point tunneling. On-state current increases with the gate to source overlap 

length (LGSO) but it can also increase the parasitic capacitance (CGS) [15]. So, there is need to keep the balance 

between value of LGSO and CGS, therefore the value for LGSO for the proposed device has been kept at 40nm.  

Further to upsurge the on-state current, HfO2 (K=22) is used as a gate insulator of 1nm thick.  

3. Simulation and Discussion 

This section is divided into further sub-sections: in the first sub-section, the simulation framework is discussed 

and in the second sub-section, the tunneling mechanism of the proposed device is discussed.  In the following 

sub-sections, optimization of different parameters such as: gate-metal work-functions, channel length and gate 

to source overlap thickness is analyzed through simulation results carried out on ATLAS Silvaco simulation 

tool [24].  

A. Simulation framework 

The framework of simulation has been comprised with different models such as: Shockley-Read Hall(SRH) 

model [36, 37] to calculate the generation and recombination of the charge carriers and also measures the 

indirect recombinations at the interface traps, bandgap-narrowing model (bgn) [38] to consider the bandgap 

effects in the heavy doped regions, Non-local BTBT model (bbt.non local) [24] for accurate tunneling of charge 

carriers, Fermi-dirac statistical model(fermi)[24] and Lombardi mobility model(CVT) [35] to measure precised 

channel mobility, [36] to validate the working of the device with  the theoretical physics of the device. Default 

parameters are initially used to calibrate the device structure and the calibration curve is shown in Figure 2. 
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Figure 1: Cross-sectional view of DGDM-GeOI VTFET                 Figure 2: Calibration of the simulated result with [15].  

B. Physics behind the tunneling mechanism in DGDM-GeOI VTFET 

In conventional devices, the charge carriers are injected through tunnel barrier use only point tunneling. Here, in 

this proposed device, novel line tunneling concept (vertical tunneling) is used with the conventional point 

tunneling concept (lateral tunneling). In point tunneling, gate causes the inversion of channel region, so the 

charge carriers tunnel from valence band of source to conduction band of channel. Figure 3 shows the band 

diagram along vertical cutline axis(C-C’) to show the lateral tunneling (point tunneling) in the device. The 

BTBT generation rate is lesser in lateral tunneling (point tunneling). The line/vertical tunneling induces when 

gate is overlapped with source region.  Figure 4 shows band diagram along the horizontal cutline axis(A-A’) in 

the on and off state. During the on-state, vertical tunneling of electrons takes place from the inner Ge-source 

region to the inverted surface of the gate to source overlapped region. Further, electrons flow to the drain 

through the channel region. Vertical tunneling has higher BTBT generation rate and higher tunneling current 

due to wide tunneling area available because of gate to source overlap. Figure 5 shows band diagram along 

vertical cutline (B-B’) in the on and off states, during on-state the barrier height is small as compared to the off-

state and band bending occurs at the junction of the gate to source overlap region in the source region. The 

contour colour map of point and Line BTBT is shown in Figure 6.  At low electric field, point tunneling takes 

place close to the source channel junction shown by contour colour map shown in Figure 7. At high electric 

field, Vertical tunneling takes place near the gate source overlap area shown by contour colour map shown in 

Figure 7.  Hence, in this novel device, the tunneling current is due to both types of tunneling as gate is 

overlapped with channel and source both.  

C. Optimization of Gate metal work-functions 

The impact of MG1 on the performance of device is analyzed through Id-Vgs curve shown in Figure 8. Here, 

MG1 varies from 3.8eV to 4.5eV and MG2 and MG3 kept constant at 4.3eV and 3.8eV respectively. As MG1 

decreases, Ion value increases significantly with decrease in on-set voltage of BTBT. This happens due to 

increase in band-bending in the source region as MG1 overlaps the source region. Figure 9 shows the variation 

in band bending at various MG1 values. The MG1 gate acts as tunneling gate, thus the tunneling in the device 

basically depends upon work-function value of this gate.  Figure 9 clearly depicts the presence of vertical/line 

tunneling in the source region. From the Id-Vgs characteristics, the optimum value chosen for MG1 is 3.8eV 

which is Hafnium Carbide (HfCx) [39] on HfO2. This novel metal gate has good thermal stability and it is 

appropriate for nTFET device applications [39]. Figure 10 shows the influence of MG2 variation on the device 

through Id-Vgs characteristics. While studying the impact of MG2 on the device, keep the MG3 and MG1 work-

functions at constant value i.e. 3.8eV. In the off-state, leakage current is reduced by potential difference 

between MG1 and MG2 when Vds=0.5V 
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Figure 3: Energy band diagram along vertical cutline 

axis (C-C’) to show point tunneling through the device. 

Figure 4: Energy band diagram to show vertical 

tunneling along horizontal cutline axis (A-A'). 

 

Figure 5: Energy band diagram along vertical cutline 

axis (B-B') to show vertical tunneling under the tunnel 

gate in the source region. 

          

Figure 6: Contour colour map of Point and Line BTBT. 

      

Figure 7: Contour colour map showing Electric field in 

log. scale. 

    

Figure 8: Impact of  Variation of MG1 work-function on 

the transfer characteristics. 

 

and Vgs=0V. But during On-state (Vds=Vgs=0.5V), the potential difference is sufficiently small, to permit the 

flow of electrons. Figure 10 shows that with the increase in MG2, there is a trade-off between On-state current 

and off-state current. Now, there is need to decide the optimum value of MG2 in order to have good Ion/Ioff ratio 

and reduced SSavg. The optimum value for MG2 is 4.3eV. 

                          From the above analysis and discussion, the high-value of on-state current and low off-state 

current value is achieved by optimum selection of MG1 and MG2 work-functions. But still ambipolar current is 

required to be suppressed. In order to reduce the value of ambipolar current, MG3 gate work-function is 
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analyzed. As we analyze the MG3 work-function at different values lying in between 3.8 eV and 4.3eV through 

Id-Vgs 

 

 

Figure 9: Energy band diagram to show the band 

bending due to the impact of MG1. 

 

Figure 10: Impact of MG2 work-function on the transfer 

characteristics. 

        

 

Figure 11: Impact of MG3 work-function on the transfer 

characteristics. 

 

Figure 12: Transfer characteristics showing the impact 

of MG3 in the  ambipolar conditions. 

 

characteristics shown in Figure 11, there is no significant variation in on-state current as well as off-state current 

observed. But this gate work-function is able to restrain the value of ambipolar current as it is clearly shown in 

Figure 12. The optimized values for MG1, MG2 and MG3 are 3.8 eV, 4.3eV and 3.8eV respectively. The on-

state current is 1.61x10
-5

 A/µm, Iamb is 1.53x10
-15

 A/µm and SSavg is 15.11 mV/decade. 
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D. Optimization of Channel length 

Figure 13 shows the transfer characteristics of n-channel DGDM-GeOI VTFET as a function of channel length 

at VDS=0.5V. It is clearly depicted in the figure that Ion and Vth are almost independent of the channel length. 

However, as the channel length decreases, there is negligible change in Ion but a large change in the Ioff   takes 

place. Further Ioff remains same (10
-17

A/µm) for 38nm, 40nm and 50nm but at less than 35nm, a sharp 

exponential increase in the Ioff is observed. Figure 13 clearly depicts that for channel length variation from 

38nm to 50nm, there is negligible variation in the transfer characteristics. It can be concluded that due to 

process variation in the channel length from 38nm to 50nm by keeping other parameters constant, the device 

performance would not get effected much. The channel length for the proposed device for carrying out other 

simulation has been kept at 40nm since optimized performance parameters are achieved at this length.  

              Although the impact of the process variations in the channel length on the electrical properties of a 

DGTFET is quite high [42] but in case of this device DGDM-GeOI VTFET, this impact is quite less. Therefore, 

the proposed device can be used widely for low power applications. Since Channel length is not the only 

parameter to enhance the performance of the device, there is need to optimize other device parameters also to 

increase the performance of the device.  

E. Optimization of Gate to source overlap thickness 

Another parameter which need to be optimized is gate to source overlap thickness (TGSO). The impact of gate to 

source overlap thickness is analyzed at 20nm, 30nm and 40nm. Theoretically, as the TGSO increases, gate to 

channel coupling decreases, which reduces the on-state current. This effect is present at TGSO 40nm and also 

shown by simulated results in Figure 14.  Again, if TGSO is small then also on- state current is small due to small 

volume available at the junction (volume effect) [41]. This effect seen at TGSO 20nm. As we increase the value 

of TGSO from 20nm, then the BTBT rate is high due to more volume available at the junction and good gate to 

channel coupling. Simulated results validates the theoretical concepts. Figure14 demonstrates the alteration of 

Ion with respect to the Vgs for different constant values of TGSO vary from 20nm to 40nm. Figure 15 shows the 

variation in ambipolar current with the variation in TGSO. Trade-off between various performance parameters 

are analyzed with the variation in TGSO. The optimized selected value for TGSO is 30nm after analyzing the 

transfer characteristics and calculated output parameters. The on-state current is increase from 1.611x10
-5

 A/µm 

to 1.763x10
-5 

A/µm and SSavg reduces from 15.11 mV/decade to 14.684 mV/decade.  

 

Figure 13: Variation in transfer characteristics at 

different channel lengths. 

 

Figure 14: Variation in transfer characteristics with 

respect to the TGSO. 
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Figure 15: Transfer characteristics showing the impact 

of  TGSO in the ambipolar conditions. 

 

Figure 16: Transconductance variation with   gate   

voltage at constant TGSO values. 

 

             It can be concluded that due to process variation of TGSO from 30nm to 40nm, there is negligible effect 

on the Ioff   and Iamb but Ion increases for 30nm. Hence, TGSO is a critical parameter to enhance the performance of 

the device. 

           Another important performance parameter is transconductance (gm) of the device which is specified by 

the slope of log (Id)–Vgs plot while keeping the Vds   constant. This can be expressed as, gm = dId/dVgs [21]. As 

this is clearly depicted from the above formula, transconductance of a device depends on the rate of change of 

output current (Id=Ion) with respect to rate of change of input voltage (Vgs). From Figure 14, it is clear that Ion for 

30nm gate to source overlap thickness is comparatively higher than 20nm and 40nm gate to source overlap 

thickness. As the variation of Id with respect to Vgs is greater for 30nm gate to source overlap VTFET, therefore 

maximum transconductance is achieved at 30nm as shown in Figure 16 which is important performance 

parameter for analog applications. This simulated plot also verifies the theoretical concept of the 

transconductance. So, the final optimized design parameters of DGDM-GeOI VTFET are summarized in Table 

1. 

TABLE 1 
 OPTIMIZED DESIGN PARAMETERS FOR DGDM-GEOI VERTICAL TFET 

Parameters Values 
Source doping concentration (p++) 1x 1019 cm-3 
Channel doping concentration (n+) 1x 1015cm-3 
Drain doping concentration (n++) 1x 1019 cm-3 

High-K dielectric thickness (THK) 1nm 
Auxiliary gate work-function(MG3) 3.8eV 
Control gate work-function (MG2) 4.3eV 
Tunnel gate work-function (MG1) 3.8eV 

Channel length (Lch) 40nm 
Gate to source overlap thickness (TGSO) 30nm 

Gate to source overlap length (LGSO) 40nm 
Buried oxide length(Lbox) 20nm 

 

Figure 17 represents the output characteristics of the final optimized device in which the variation of output 

current (Id) with reference to drain voltage is shown at various constant gate voltage (Vgs) values.           
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Figure 17: Output characteristics(Id-Vds) at different constant gate voltage 

4. Benchmarking of the proposed device against the reported work. 

The benchmarking of the proposed optimized DGDM-GeOI VTFET device is accomplished with Dual-source 

TFET[25], Symmetric UTFET[27], Hetero T-shape TFET[29], TMG TFET [32], VTFET[15], GS-TFET[30], 

T-shape pocket TFET[31],  III-V TFET[8], Si source TFET[30], DG Si-TFET[10], Conventional Si  delta 

doped VTFET[3] and  Delta doped VTFET[34] structures at Vds=Vgs=0.5V by comparing the transfer 

characteristic shown in Figure 18. The Vth is the value of gate voltage (Vgs) at 10
−8

A/μm (constant current 

method). The on-state current is found at Vgs=0.5V. The SSavg is calculated from the given equation (3): 

                                                                                    𝑆𝑆𝑎𝑣𝑔 =
( 𝑉𝑇  −𝑉𝑂𝐹𝐹)

log(𝐼𝑉𝑇
)−log(𝐼𝑉𝑂𝐹𝐹

)
                                                         (3) 

A status map is mentioned in Table 2. The performance parameters are extracted from the reported work and 

therefore the term ‘approximate’ is mentioned in the Table 2. It is clearly understood from Table 2 that due to 

the employment of gate-metal work-function engineering and vertical tunneling, the proposed device shows 

lowest SSavg, reduced Vth, highest Ion/Ioff ratio with a fairly good gm than the other reported TFET structures. 

    TABLE 2  

STATUS MAP OF THE TFET STRUCTURES 

TFET structures 
with appx. results 

Ion (A/µm) Ioff (A/µm) Ion/Ioff Vth (V) SSavg 

(mV/dec) 

gm(s/µm) 

Dual-source TFET 
[25] 

1.22x10-8 2.29x10-16 5.3x107 0.5 64 5.36x10-8 

Symmetric UTFET 
[27] 

1.25x10-5 1.27x10-12 9.8x106 0.13 25.7 9.55x10-5 

Hetero T-shape 
TFET [29] 

1.8x10-6 2.48x10-16 7.2x109 0.26 34 2.52x10-5 

TMG TFET [32] 10x10-6 3.07x10-13 3.2x108 0.175 43.5 7.23x10-5 
VTFET [15] 8x10-6 0.4x10-12 2x107 0.24 51 6.62x10-5 

GS-TFET [30] 1.18x10-7 1.99x10-18 5.9x1010 0.39 40.2 1.67x10-6 

T-shape TFET [31] 5.98x10-7 1.08x10-15 5.5x108 0.32 45.9 
 

5.6x10-7 

Delta doped 
VTFET[34] 

2.76x10-5 1.2x10-14 2.3x109 0.18 21.2 26x10-5 

Optimized 
proposed device 

1.76x10-5 5.01x10-17 3.5x1011 0.12 14.68 8.5x10-5 
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    Figure 18: Comparative analysis of proposed structure with reported TFET structures.             

5. Conclusion 

The GeOI based double gate VTFET is employed with work-function engineering and novel tunneling (line-

tunneling) concept is proposed and analyzed. Optimization of different device parameters are done to improve 

the performance parameters using ATLAS Silvaco TCAD tool. The work-function engineering reduces the off-

state current along with the ambipolarity behaviour of the device. The Germanium on insulator structure 

provides dual advantage i.e. increases the on-state current and also reduces the leakage current. Dual tunneling 

(Line and point) in the structure provides additional benefits to boost the performance. The comparative study 

of proposed device with different reported TFET structures is carried out. The simulation results of the 

optimized device are:  Ion is 1.763x10
-5 

A/µm, Ioff is 5.01x10
-17

 A/µm, Iamb is 1.62x10
-15

 A/µm, Vth is 0.12 V, 

Ion/Ioff ratio is 3.5x10
11

 and SSavg is 14.684 mV/decade. Off-state current (Ioff) reduced by a factor of 10
3
, 

threshold voltage (Vth) reduced by a factor of 1.49, and SSavg reduced by a factor of 1.44 have been achieved in 

comparison to the latest reported device. Further fairly high transconductance of 8.5x10
-5

 S/µm is achieved 

along with high Ion/Ioff ratio by this proposed device. The above results clearly illustrate that this device can be a 

promising choice for ultra-low power applications.  
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https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505765&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505765&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/publications/pub_summ.jsp?org=CISE&ods_key=nsf20542
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=504813&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=504813&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=6201&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=6201&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/publications/pub_summ.jsp?org=CISE&ods_key=nsf19590
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=504813&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=504813&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=5383&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=5383&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=5383&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/publications/pub_summ.jsp?org=CISE&ods_key=nsf20554
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=12810&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=12810&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/publications/pub_summ.jsp?org=CISE&ods_key=nsf19512
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505667&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505667&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/publications/pub_summ.jsp?org=CISE&ods_key=nsf19589
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=504813&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=504813&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505233&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505233&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/publications/pub_summ.jsp?org=CISE&ods_key=nsf20527
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505771&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505771&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/publications/pub_summ.jsp?org=CISE&ods_key=nsf20545
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505362&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/publications/pub_summ.jsp?org=CISE&ods_key=nsf20528


Title Program Guidelines  Due Dates    

Program Phase I (STTR) NNSF-wide 

Small Business Technology Transfer 

Program Phase II NNSF-wide 

20-546 Full Proposal:December 3, 2020 

Cyberlearning for Work at the Human-

Technology Frontier 

17-598 Full Proposal:January 11, 2021 

Partnerships for Innovation (PFI) NNSF-wide 19-506 Full Proposal:January 13, 2021 

CISE Community Research Infrastructure 

(CCRI) 

19-512 Full Proposal:January 14, 2021 

Major Research Instrumentation 

Program: (MRI) NNSF-wide 

18-513 Full Proposal:January 19, 2021 

Training-based Workforce Development 

for Advanced Cyberinfrastructure 

(CyberTraining) CCrosscutting 

19-524 Full Proposal:January 20, 2021 

Principles and Practice of Scalable 

Systems (PPoSS) 

20-534 Full Proposal:January 25, 2021 

Quantum Leap Challenge Institutes 

(QLCI) NNSF-wide 

19-559 Full Proposal:February 1, 2021 

Spectrum Innovation Initiative: National 

Center for Wireless Spectrum Research 

(SII-Center) CCrosscutting 

20-557 Letter of Intent:February 1, 2021 

Computer Science for All (CSforAll: 

Research and RPPs) CCrosscutting 

20-539 Full Proposal:February 10, 2021 

Expeditions in Computing (Expeditions) 20-544 Full Proposal:February 16, 2021 

Ethical and Responsible Research (ER2) 19-609 Full Proposal:February 22, 2021 

Cyberinfrastructure Centers of 

Excellence (CI CoE) 

 Full Proposal:Accepted Anytime 

https://www.nsf.gov/funding/pgm_list.jsp?ord=title_asc&org=CISE&sel_org=CISE&status=1
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505362&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505775&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505775&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/publications/pub_summ.jsp?org=CISE&ods_key=nsf20546
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=504984&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=504984&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/publications/pub_summ.jsp?org=CISE&ods_key=nsf17598
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=504790&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/publications/pub_summ.jsp?org=CISE&ods_key=nsf19506
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=12810&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=12810&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/publications/pub_summ.jsp?org=CISE&ods_key=nsf19512
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=5260&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=5260&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/publications/pub_summ.jsp?org=CISE&ods_key=nsf18513
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505342&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505342&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505342&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/publications/pub_summ.jsp?org=CISE&ods_key=nsf19524
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505751&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505751&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/publications/pub_summ.jsp?org=CISE&ods_key=nsf20534
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505634&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505634&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/publications/pub_summ.jsp?org=CISE&ods_key=nsf19559
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505788&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505788&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505788&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/publications/pub_summ.jsp?org=CISE&ods_key=nsf20557
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505359&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505359&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/publications/pub_summ.jsp?org=CISE&ods_key=nsf20539
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=503169&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/publications/pub_summ.jsp?org=CISE&ods_key=nsf20544
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505693&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/publications/pub_summ.jsp?org=CISE&ods_key=nsf19609
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505744&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505744&org=CISE&sel_org=CISE&from=fund


Title Program Guidelines  Due Dates    

Cyberinfrastructure for Emerging Science 

and Engineering Research (CESER) 

 Full Proposal:Accepted Anytime 

Established Program to Stimulate 

Competitive Research: Workshop 

Opportunities (EPS-WO) (EPS-WO) NNSF-wide 

19-588 Full Proposal:Accepted Anytime 

Facilitating Research at Primarily 

Undergraduate Institutions: NNSF-wi de 

14-579 Full Proposal:Accepted Anytime 

Foundational Research in Robotics 

(Robotics) CCrosscutti ng 

 Full Proposal:Accepted Anytime 

Innovation Corps - National Innovation 

Network Teams Program (I-CorpsTM 

Teams) NNSF-wide 

18-515 Full Proposal:Accepted Anytime 

NSF/FDA SCHOLAR-IN-RESIDENCE AT 

FDA 

18-556 Full Proposal:Accepted Anytime 

Research Coordination Networks CCrosscutti ng 17-594 Full Proposal:Accepted Anytime 

Secure and Trustworthy Cyberspace 

(SaTC) 

19-603 Full Proposal:Accepted Anytime 

 

 Announcements for Academic, Postdoctoral and PhD Positions 
AcademicKeys 
 

http://www.academickeys.com/ 

HigherEdJobs 
 

https://www.higheredjobs.com/ 

IEEE Job Site 
 

http://jobs.ieee.org/ 

IEEE Computer Society | Jobs 
 

https://www.computer.org/web/jobs 

Computing Job Announcements – CRA 
 

https://cra.org/ads/ 

PolytechnicPositions www.polytechnicpositions.com/ 
 

 

https://www.nsf.gov/funding/pgm_list.jsp?ord=title_asc&org=CISE&sel_org=CISE&status=1
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505385&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505385&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=503341&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=503341&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=503341&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/publications/pub_summ.jsp?org=CISE&ods_key=nsf19588
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=5518&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=5518&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/publications/pub_summ.jsp?org=CISE&ods_key=nsf14579
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505784&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505784&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=504672&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=504672&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=504672&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/publications/pub_summ.jsp?org=CISE&ods_key=nsf18515
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505455&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505455&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/publications/pub_summ.jsp?org=CISE&ods_key=nsf18556
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=11691&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/publications/pub_summ.jsp?org=CISE&ods_key=nsf17594
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=504709&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=504709&org=CISE&sel_org=CISE&from=fund
https://www.nsf.gov/publications/pub_summ.jsp?org=CISE&ods_key=nsf19603
http://www.academickeys.com/
https://www.higheredjobs.com/
http://jobs.ieee.org/
https://www.computer.org/web/jobs


Funding Opportunity 
Title   Organization  Program Guidelines  Due Dates   

Algorithms for 
Threat Detection 
(ATD) program 

NSF Weblink 17-Feb-21 

Microsoft Security 
AI proposal 

Microsoft Weblink 5-Jun-20 

Full-Time Opportunities 

Title   Organization  Location Program Guidelines  

Research Engineer, 
CV and Machine 

Perception 
Facebook  Redmond, WA Link 

Research Engineer, 
University Grad 

Facebook Pittsburgh, PA Link 

Postdoctoral 
Research Scientist - 

Computer Vision 
(PhD) 

Facebook Pittsburgh, PA Link 

Research Scientist, 
Artificial 

Intelligence - 
Graphics and 

Robotics (PhD) 

Facebook 
Pittsburgh, PA 

Link 

Menlo Park, CA 

Researcher 
- 

Simulation 
in AI 

Microsoft 
Bellevue, 
WA (US) 

https://careers.microsoft.com/us/en/job/842957/Researcher  

Software 
Engineer - 

Mixed 
Reality 

Microsoft 

Redmond, 
Washington, 

United 
States 

https://careers.microsoft.com/us/en/job/819001/Software-
Engineer 

 

 

 

https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=503427
https://www.microsoft.com/en-us/research/academic-program/microsoft-security-ai-rfp/
file:///C:/Users/IIT%20CSE%20AS/Downloads/facebook.com/careers/jobs/306174876938042/
https://www.facebook.com/careers/jobs/283063392865083/
https://www.facebook.com/careers/jobs/658369838055585/
https://www.facebook.com/careers/jobs/544876539798949/
https://careers.microsoft.com/us/en/job/842957/Researcher
https://careers.microsoft.com/us/en/job/819001/Software-Engineer
https://careers.microsoft.com/us/en/job/819001/Software-Engineer


Funding Opportunity 
Title   Organization  Program Guidelines  Due Dates   

Full Time 
Opportunities for 
PhD Students or 

Recent Graduates: 
Computer Vision 

Microsoft 
Redmond, 

Washington, United 
States 

https://careers.microsoft.com/students/
us/en/job/653134/Full-Time-

Opportunities-for-PhD-Students-or-
Recent-Graduates-Computer-Vision 

Architect - 
Performance 
Verification NVIDIA Bangalore, India 

https://nvidia.wd5.myworkdayjobs.com/
en-

US/NVIDIAExternalCareerSite/job/India--
-Bangalore/Architect---Performance-

Verification_JR1931489 

Research Scientist, 
Trust in AI (PhD) 

Facebook 
New York, NY 

Link 

Menlo Park, CA 

DFT Engineer - New 
College Graduate 

JR1931969   |   US, 
CA, Santa Clara    

NVIDIA Santa Clara (USA) 

https://nvidia.wd5.myworkdayjobs.com/
en-

US/NVIDIAExternalCareerSite/job/US-
CA-Santa-Clara/DFT-Engineer---New-

College-Graduate_JR1931969-1 

System Software 
Engineer - GPU - 

New College 
Graduate 

NVIDIA Taiwan, Taipei 

https://nvidia.wd5.myworkdayjobs.com/
en-

US/NVIDIAExternalCareerSite/job/Taiwa
n-Taipei/System-Software-Engineer---

GPU---NCG_JR1927965 

Deep Learning Data 
Sceintist 

INTEL Romania https://jobs.intel.com/ShowJob/Id/2504
915/Deep-Learning-Data-Scientist 

Software Engineer 
for Mobileye 

Autonomous Driving 
Group 

INTEL Haifa https://jobs.intel.com/ShowJob/Id/2021
930/Software-Engineer-for-Mobileye-

Autonomous-Driving-Group-Haifa 

AI/Video SW 
Application Engineer 

INTEL Bangalore, India 
https://jobs.intel.com/ShowJob/Id/2400
790/AI-Video-SW-Application-Engineer 

Deep Learning 
Software Engineer 

INTEL Romania 
https://jobs.intel.com/ShowJob/Id/2512
408/Deep-Learning-Software-Engineer 

 

 

 

https://careers.microsoft.com/students/us/en/job/653134/Full-Time-Opportunities-for-PhD-Students-or-Recent-Graduates-Computer-Vision
https://careers.microsoft.com/students/us/en/job/653134/Full-Time-Opportunities-for-PhD-Students-or-Recent-Graduates-Computer-Vision
https://careers.microsoft.com/students/us/en/job/653134/Full-Time-Opportunities-for-PhD-Students-or-Recent-Graduates-Computer-Vision
https://careers.microsoft.com/students/us/en/job/653134/Full-Time-Opportunities-for-PhD-Students-or-Recent-Graduates-Computer-Vision
https://nvidia.wd5.myworkdayjobs.com/en-US/NVIDIAExternalCareerSite/job/India---Bangalore/Architect---Performance-Verification_JR1931489
https://nvidia.wd5.myworkdayjobs.com/en-US/NVIDIAExternalCareerSite/job/India---Bangalore/Architect---Performance-Verification_JR1931489
https://nvidia.wd5.myworkdayjobs.com/en-US/NVIDIAExternalCareerSite/job/India---Bangalore/Architect---Performance-Verification_JR1931489
https://nvidia.wd5.myworkdayjobs.com/en-US/NVIDIAExternalCareerSite/job/India---Bangalore/Architect---Performance-Verification_JR1931489
https://nvidia.wd5.myworkdayjobs.com/en-US/NVIDIAExternalCareerSite/job/India---Bangalore/Architect---Performance-Verification_JR1931489
https://www.facebook.com/careers/jobs/212173256390966/
https://nvidia.wd5.myworkdayjobs.com/en-US/NVIDIAExternalCareerSite/job/Taiwan-Taipei/System-Software-Engineer---GPU---NCG_JR1927965
https://nvidia.wd5.myworkdayjobs.com/en-US/NVIDIAExternalCareerSite/job/Taiwan-Taipei/System-Software-Engineer---GPU---NCG_JR1927965
https://nvidia.wd5.myworkdayjobs.com/en-US/NVIDIAExternalCareerSite/job/Taiwan-Taipei/System-Software-Engineer---GPU---NCG_JR1927965
https://nvidia.wd5.myworkdayjobs.com/en-US/NVIDIAExternalCareerSite/job/Taiwan-Taipei/System-Software-Engineer---GPU---NCG_JR1927965
https://nvidia.wd5.myworkdayjobs.com/en-US/NVIDIAExternalCareerSite/job/Taiwan-Taipei/System-Software-Engineer---GPU---NCG_JR1927965
https://jobs.intel.com/ShowJob/Id/2021930/Software-Engineer-for-Mobileye-Autonomous-Driving-Group-Haifa
https://jobs.intel.com/ShowJob/Id/2021930/Software-Engineer-for-Mobileye-Autonomous-Driving-Group-Haifa
https://jobs.intel.com/ShowJob/Id/2021930/Software-Engineer-for-Mobileye-Autonomous-Driving-Group-Haifa
https://jobs.intel.com/ShowJob/Id/2400790/AI-Video-SW-Application-Engineer
https://jobs.intel.com/ShowJob/Id/2400790/AI-Video-SW-Application-Engineer
https://jobs.intel.com/ShowJob/Id/2512408/Deep-Learning-Software-Engineer
https://jobs.intel.com/ShowJob/Id/2512408/Deep-Learning-Software-Engineer


Internships Opportunities 

Title   
Organizatio

n 
 Location Program Guidelines  

Software 
Engineer 
Intern, 

Computer 
Vision (PhD 

Facebook Zurich, 
Switzerlan

d 
https://www.facebook.com/careers/jobs/4114407361680

65/ 

Reinforcemen
t Learning 
Intern – 
MSRA 

Machine 
Learning 

Group 

Microsoft 

Beijing 
(China) 

https://www.microsoft.com/en-
us/research/opportunity/reinforcement-learning-intern-

msra-machine-learning-group/  

Embedded 
Engineering 
Intern - AI 
(Fall 2020) NVIDIA 

Santa 
Clara 
(USA) 

https://nvidia.wd5.myworkdayjobs.com/en-
US/NVIDIAExternalCareerSite/job/US-CA-Santa-

Clara/Embedded-Engineering-Intern---AI--Fall-2020-
_JR1930701-1 

Deep 
Learning 
Software 

Engineering 
Intern INTEL 

Shanghai, 
Shanghai 

CN 
https://jobs.intel.com/ShowJob/Id/2220565/Deep-

Learning-software-engineer-intern 

Machine 
Learning 

Workload 
Development 

- Intern INTEL 

Santa 
Clara 
(USA) 

https://jobs.intel.com/ShowJob/Id/2444529/Machine-
Learning-Workload-Development-Intern 

Deep 
Learning 
Applied 

Research 
Student INTEL 

Haifa, 
Israel 

https://jobs.intel.com/ShowJob/Id/2500384/Deep-
Learning-Applied-Research-Student  

 

https://www.facebook.com/careers/jobs/411440736168065/
https://www.facebook.com/careers/jobs/411440736168065/
https://www.microsoft.com/en-us/research/opportunity/reinforcement-learning-intern-msra-machine-learning-group/
https://www.microsoft.com/en-us/research/opportunity/reinforcement-learning-intern-msra-machine-learning-group/
https://www.microsoft.com/en-us/research/opportunity/reinforcement-learning-intern-msra-machine-learning-group/
https://nvidia.wd5.myworkdayjobs.com/en-US/NVIDIAExternalCareerSite/job/US-CA-Santa-Clara/Embedded-Engineering-Intern---AI--Fall-2020-_JR1930701-1
https://nvidia.wd5.myworkdayjobs.com/en-US/NVIDIAExternalCareerSite/job/US-CA-Santa-Clara/Embedded-Engineering-Intern---AI--Fall-2020-_JR1930701-1
https://nvidia.wd5.myworkdayjobs.com/en-US/NVIDIAExternalCareerSite/job/US-CA-Santa-Clara/Embedded-Engineering-Intern---AI--Fall-2020-_JR1930701-1
https://nvidia.wd5.myworkdayjobs.com/en-US/NVIDIAExternalCareerSite/job/US-CA-Santa-Clara/Embedded-Engineering-Intern---AI--Fall-2020-_JR1930701-1
https://jobs.intel.com/ShowJob/Id/2444529/Machine-Learning-Workload-Development-Intern
https://jobs.intel.com/ShowJob/Id/2444529/Machine-Learning-Workload-Development-Intern
https://jobs.intel.com/ShowJob/Id/2500384/Deep-Learning-Applied-Research-Student
https://jobs.intel.com/ShowJob/Id/2500384/Deep-Learning-Applied-Research-Student


 

 

 

 

 

 

 

 IEEE International Conference on Application-specific Systems, 

Architectures and Processors (ASAP), Manchester, UK, July 6-8, 2020; 

web: https://asap2020.cs.manchester.ac.uk/ 

 

 IEEE Computer Society Annual Symposium on VLSI (ISVLSI), virtual 

conference, July 6-8, 2020; web: http://www.isvlsi.org  

 

 Design Automation Conference (DAC), virtual conference, July 20-24, 

2020; web: https://dac.com/ 

 

 The Annual International Conference on RFID (RFID), Orlando, FL, 

USA, September 9-11, 2020; web: http://2020.ieee-rfid.org/ 

 

 Embedded Systems Week (ESWEEK), virtual conference, September 

20-25, 2020; web: http://esweek.hosting2.acm.org/ 

 

 IFIP/IEEE International Conference on Very Large Scale Integration 

(VLSI-SoC), Salt Lake City, UT, USA, October 5-7, 2020; web: 

https://sites.google.com/view/vlsi-soc-2020/home 

 

 The IEEE International Symposium on Circuits and Systems (ISCAS), 

Seville, Spain, October 12-14, 2020; web: https://www.iscas2020.org 

 

 IEEE/ACM International Symposium on Microarchitecture (MICRO), 

Athens, Greece, October 17-21, 2020; web: 

https://www.microarch.org/micro53/  

 

 IEEE International Conference on Computer Design (ICCD), virtual 

conference, October 18-21, 2020; web: 

https://www.iccd-conf.com/Home.html  

 

 International Conference on Computer Aided Design (ICCAD), 

virtual conference, November 2-5, 2020; web: https://iccad.com/  

 

 IEEE Asian Solid-State Circuits Conference (A-SSCC), Hiroshima, 

Japan, November 9-11, 2020; web: http://www.a-sscc2020.org/  

 

Upcoming Conferences/Workshops 

https://asap2020.cs.manchester.ac.uk/
http://www.isvlsi.org/
https://dac.com/
http://2020.ieee-rfid.org/
http://esweek.hosting2.acm.org/
https://sites.google.com/view/vlsi-soc-2020/home
https://www.iscas2020.org/
https://www.microarch.org/micro53/
https://www.iccd-conf.com/Home.html
https://iccad.com/
http://www.a-sscc2020.org/
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ACM Journal on Emerging Technologies in Computing Systems (JETC) 

Call for Papers 

Special Issue on Trustworthy AI 

 

Guest Editors: 

Yier Jin, University of Florida, yier.jin@ece.ufl.edu  

Tsung-Yi Ho, National Tsing Hua University, tyho@cs.nthu.edu.tw  

Stjepan Picek, TU Delft, S.Picek@tudelft.nl   

Siddharth Garg, New York University, sg175@nyu.edu  

 
Neural Networks (NNs) have recently shown tremendous progress in various real-world 

applications, ranging across object recognition, natural language processing and autonomous 
vehicles. Additionally, there has been an increasing effort to deploy large-scale NN models on 

dedicated hardware platforms such as GPU, FPGAs, or customized ASICs in order to improve 

the performance and efficiency of data processing systems. Hardware vendors including Xilinx 

and Intel spend great efforts collecting a data set, training these NNs models on it, and 

developing the NNs accelerators, and thus want to keep the trained models private and secret. 
 

However, recent studies have demonstrated that severe vulnerabilities exist in hardware 

implementations of these NN accelerators. An adversary, who has no knowledge of the details of 

structures and designs inside these accelerators (i.e., black-box), can effectively reverse engineer 

the neural networks by leveraging various side-channel information, such as timing, power and 
electromagnetic (EM) emanations. 

 

Besides these emerging hardware security threats to the NN accelerators, there also exists a 

series of techniques targeting general Artificial intelligence (AI)/deep neural network (DNN) 

algorithms. Researchers have investigated into these topics in the last few years and they also 
become a major threat to trustworthy AI development and deployment. Among them, Transfer 

Learning aims to recognize and apply knowledge gained from previous tasks, source domains, to 

different but related tasks, target domains. Researchers have recently shown that layers trained 

on a source task with large-scale labelled datasets can be reused to predict on a target domain 

that has substantially less available data. 
 

Adversarial Examples. Adversarial attacks against DNNs generate adversarial examples by 

adding particular perturbations to the original inputs. In the image processing area, these 

carefully crafted images are often imperceptible to human eyes as the perturbations are slight, 

but can easily fool a classifier into predicting incorrect labels.  
 

Model Extraction Attacks. In these attacks, a malicious entity aims to accurately extract model 

equivalent to a target model by querying the labels and confidence scores of model predictions to 

inputs. Several studies present efficient algorithms to steal machine learning models. More 

efficient black-box attack methods are also developed to steal deep learning models with 
millions of parameters by applying a special type of transfer learning scheme and specially 

crafted adversarial examples. 

 

The goal of the special issue is to help increase the awareness for AI users on AI trustworthiness 

and also to gather researchers’ latest results in the area of AI attacks and defense. 

mailto:yier.jin@ece.ufl.edu
mailto:tyho@cs.nthu.edu.tw
mailto:S.Picek@tudelft.nl
mailto:sg175@nyu.edu
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Considering the above challenges and potential solutions, the scope of this Special Issue of ACM 

JETC deals with Trustworthy AI at different design and implementation phases of AI/DNN, 
which include the following but not limited to: 

 
(1) AI Vulnerabilities 

• Implementation attacks, e.g. Side channel attacks, to AI accelerators 

• Model stealing attacks 

• Emerging attacks 

• Trojaning attacks (backdoor machine learning) 

• Reprogramming of neural networks 

 

(2) Trustworthy AI 

• Resilient algorithm development 

• Robust AI accelerator 

• Implementation attack resilient AI chip designs 

• Countermeasures 

 

(3) AI for Cybersecurity and Hardware Security 

• Novel AI applications in hardware security 

• Novel AI applications in cybersecurity 

• AI for automated design and analysis in cybersecurity 

 

Submission Guidelines: 

 

All original manuscripts or revisions to the ACM JETC must be submitted online at 

https://mc.manuscriptcentral.com/jetc. The author guidelines for ACM JETC can be found 

at https://dl.acm.org/journal/jetc/author-guidelines. Select the paper type "SI: Trustworthy AI" 

upon submission to ensure that the article is considered for this special issue. Authors must also 

mention the same in their submission cover letter. 

 

Submitted articles must not have been previously published or currently submitted for publication 

elsewhere. For previously published conference papers, it is required that submissions to the 

special issue have at least 30% new content. Submissions that do not meet this requirement will 

be summarily rejected. 

 

Important Dates 

Submission Deadline: November 15, 2020 

Revision: January 15, 2021 

Acceptance Notification: February 15, 2021 
Publication: Mid-2021 

 

For further information, please contact Yier Jin at yier.jin@ece.ufl.edu.  

mailto:yier.jin@ece.ufl.edu


Call for Papers 
ACM Journal on Emerging Technologies in Computing Systems 
Special Issue on Design Automation for Quantum Computing 
 
Guest Editors 
Rolf Drechsler, University of Bremen, Germany, drechsle@uni-bremen.de  
Robert Wille, Johannes Kepler University, Austria, robert.wille@jku.at 
 
Scope:  
Quantum computing is currently moving from an academic idea to a practical reality. The recent past has 
seen tremendous progress in the physical implementation of corresponding quantum computers. Big 
players such as IBM, Google, Intel, Microsoft, and Alibaba heavily invest into quantum computing 
research and numerous starts-ups focusing on those topics are currently founded. At the same time, 
quantum computing remains an emerging technology where several open issues still need to be 
investigated. This particularly holds for the design automation community, which could substantially help 
engineers in designing and realizing corresponding quantum algorithms. But methods and tools for 
quantum computing are often still at the beginning of their development. The goal of this special issue is 
to present new approaches and recent accomplishments in this field. 
 
Topics 
• Quantum algorithms 
• Quantum programming languages 
• Simulation of quantum computations 
• Compilers for quantum computing (including scheduling, mapping, transpiration, etc.) 
• Synthesis of components for quantum computing 
• Reversible logic for quantum circuits 
• Error correction for quantum circuits  
• Test and Verification of quantum circuits 
• Models and data-structures for quantum computing 
 
Submission Guidelines 
All original manuscripts or revisions to the ACM JETC must be submitted online at 
https://mc.manuscriptcentral.com/jetc. The author guidelines for ACM JETC can be found at 
https://dl.acm.org/journal/jetc/author-guidelines. Select the paper type "SI: Design Automation for 
Quantum Computing" upon submission to ensure that the article is considered for this special issue. 
Authors must also mention the same in their submission cover letter. 
 
Submitted articles must not have been previously published or currently submitted for publication 
elsewhere. For previously published conference papers, it is required that submissions to the special 
issue have at least 30% new content. Submissions that do not meet this requirement will be summarily 
rejected. 
 
Important Dates 
Submission Deadline: November 1, 2020 
Author Notification:  January 30, 2021 
Revised Manuscript Due: March 1, 2021 
Notification of Acceptance: May 1, 2021 
Publication date: TBD 
 
For questions for further information, please contact Robert Wille at robert.wille@jku.at. 
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ACM Journal on Emerging Technologies in Computing Systems (JETC) 
 
Special Issue on Hardware-Assisted Security for Emerging Internet of Things 
 
Guest Editors: 
 
Saraju P. Mohanty, University of North Texas, saraju.mohanty@unt.edu 
Jim Plusquellic, University of New Mexico, jplusq@unm.edu 
Garrett Rose, University of Tennessee, garose@utk.edu 
Wei Zhang, Hong Kong University of Science and Technology, wei.zhang@ust.hk 
Maria K. Michael, University of Cyprus, mmichael@ucy.ac.cy 
 
 
Special Issue Scope: 
 
Device, circuit, and system level security solutions for emerging Internet of Things (IoT), such as 
Internet of Medical Things (IoMT), and Industrial Internet of Things (IIoT). Security solutions at 
different design phases of electronics systems which build emerging IoT. 
 
We have been seeing IoT being deployed to ensure that smart system (Cyber-Physical Systems or 
CPS) and smart system of systems (like smart cities) are possible with the use of the right variety 
of connected sensors, and data analytics. IoT computing then evolved to edge computing and fog 
computing based on the location of computing and intelligence. As a natural evolution, when 
implantable and/or wearable devices are connected to the IoT, users become part of the IoT as 
Human-in-the-Loop (HITL), thus leading to Internet-of-Everything (IoE). In the IoE framework, 
device, system, and data security are required, and location and data privacy are also important. 
 
Adversarial attacks in the IoT can be remote or local using various software and hardware methods. 
At the same time, the security solutions can be based on software or hardware. Software-based 
security solutions that rely on some form of encryption are not fool-proof, as breaking them is just 
a matter of time. Software-based solutions also need significant computational resources and 
energy. IoT devices may not always have the computational resources to run the software security 
solutions. For example, an IoT sensor may not have the capabilities, and IoMT devices such as 
pacemakers and insulin pumps may not have the computational power given energy constraints. 
Thus, a paradigm shift to Hardware-Assisted Security (HAS) is needed to provide security 
solutions in IoT/IoMT/IoE framework. HAS provides hardware-based security for: (1) information 
being processed, (2) the hardware itself, and (3) the overall system. HAS may take on various 
forms including: (1) specialized hardware primitives used for security, (2) chip-level security-
centric design modifications, and (3) system-level security monitors and design modifications. A 
key aspect of HAS is to integrate security into the system design flow and avoid retrofitting 
systems with security features after the IoT system is productized. 
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Considering the above challenges and potential solutions, the scope of this Special Issue of ACM 
JETC deals with HAS solutions at different design phases of IoT components and systems, which 
include the following but not limited to: 
 

(1) Sensor security 
(2) Circuit, Logic, and Architecture level security solutions 
(3) Hardware based system level security 
(4) Security, Energy, and Latency trade-offs in IoT component design 
(5) Methods for memory security and protection 
(6) RF, IR, Analog, Mixed-Signal Hardware Security 
(7) Hardware based method for Trojan detection and protection in Electronic Systems 
(8) Side channel attack resistant embedded systems 
(9) Physical Unclonable Function (PUF) based security and protection methods 
(10) Hardware-Assisted IoT-friendly blockchain 
(11) Hardware-enabled authentication and/or data integrity verification in IoT/IoE 
(12) Hardware-Assisted security solutions for Smart Healthcare, Smart Car, Smart Grid  

 
Submission Guidelines: 
  
All original manuscripts or revisions to the ACM JETC must be submitted electronically online at 
https://mc.manuscriptcentral.com/jetc. The author guideline for ACM JETC can be found at 
https://dl.acm.org/journal/jetc/author-guidelines. Select the paper type "Hardware-Assisted 
Security for Emerging Internet of Things (HAS)" in Step-1 of submission to ensure that the article 
is considered for this Special Call. Authors must also mention the same in the Cover Letter during 
the submission.  
 
Submitted articles must not have been previously published or currently submitted for publication 
elsewhere. For previously published conference papers, it is required that submissions to the 
special issue have at least 50% new content.  Submissions that do not meet this requirement will 
be summarily rejected.  
 
Important Dates 
Submission Deadline: October 15, 2020     
Revision: December 15, 2020  
Acceptance Notification: January 15, 2021     
Publication: Mid-2021 
 
For further information, please contact Saraju P. Mohanty at saraju.mohanty@unt.edu. 
 
 



ACM Journal on Emerging Technologies in Computing 

Special issue on:  
Computation-In-Memory (CIM): from Device to Applications 

Guest Editors:  

Said Hamdioui, TU Delft < S.Hamdioui@tudelft.nl > 
Alberto Bosio, INL < alberto.bosio@ec-lyon.fr > 
Elena-Ioana Vatajelu, CNRS-TIMA < ioana.vatajelu@univ-grenoble-alpes.fr > 
 

Context and Motivation for the Special Issue 

Today’s and emerging applications are extremely demanding in terms of storage and computing power. 
Data-intensive/big-data applications and internet-of-things (IoT) will transform the future; they will not 
only impact all aspects of our life, but also change a lot the IC and computer world. Emerging applications 
require computing power, which was typical of supercomputers a few years ago, but with constraints on 
size, power consumption and guaranteed response time that are typical of the embedded applications. 
Both today’s computer architectures and device technologies (used to manufacture them) are facing 
major challenges making them incapable to deliver the required functionalities and features. Computers 
are facing the three well-known walls: (1) The Memory wall due to the increasing gap between processor 
and memory speeds, and the limited memory bandwidth making the memory access the killer of 
performance and power for memory access dominated applications; e.g. big-data; (2) The Instruction 
Level parallelism (ILP) wall due to the increasing difficulty in finding enough parallelism in software/code 
that has to run on a parallel hardware being the mainstream today; (3) The Power wall as the practical 
power limit for cooling is reached, meaning no further increase in CPU clock speed. On the other hand, 
nanoscale CMOS technology, which has been the enabler of the computing revolution, also faces three 
walls: (1) The Reliability wall as technology scaling leads to reduced device lifetime and higher failure rate, 
(2) The Leakage wall as the static power is becoming dominant at smaller technologies (due to volatile 
technology and lower Vdd) and may even be more than the dynamic power; (3) The Cost wall as the cost 
per device via pure geometric scaling of process technology is plateauing. All of these have led to the 
slowdown of the traditional device scaling. In order for computing systems to continue deliver sustainable 
benefits for the foreseeable future society, alternative computing architectures and notions have to be 
explored in the light of emerging new device technologies. 

Non-volatile resistive devices such as memristive ones, are promising candidates to complement and/or 
replace traditional CMOS (at least in some applications) due to many advantages including CMOS process 
compatibility, zero standby power, great scalability and high density, and its potential to implement high 
density memories and different logic design styles, enabling new computing paradigms such as resistive 
computing. This special issue intends to capture the state of the art and to explore directions for non-
volatile resistive devices and their potential applications and benefits such as energy efficiency, density, 
reconfigurability, nonvolatile memory, novel computational structures and approaches, massive 
parallelism, etc. These characteristics may force to deeply revise existing computing and storage 
paradigms, ultimately breaking the walls that the semiconductor industry is facing. 

mailto:S.Hamdioui@tudelft.nl
mailto:alberto.bosio@ec-lyon.fr
mailto:ioana.vatajelu@univ-grenoble-alpes.fr


Topics 

This special issue intends to capture the state of the art and to explore directions for memristive devices 
and circuits including potential applications and benefits.  

Contributors to the DATE 2020 CIM workshop as well as experts (both from academia an industry) will be 
invited to submit their work in all aspects of resistive devices and computing including (but not limited 
to): 

• Device and technology: physics and modeling, device technologies, device characterization. 
• Novel logic and circuit design concepts using NV devices: Boolean logic, threshold logic, arithmetic 

circuits, multi-level based logic, memories, PUF technology, TRNG design. 
• System architectures and new computing paradigms: resistive computing, neuro-inspired 

computing, novel architectures and CMOS integration, cellular automata and array computing. 
• Applications exploiting NV devices: signal processing, chaos and complex networks, sensors 

applications, AI applications. 
• Automation and CAD tools: mapping tools, compilers, logic synthesis tools, design space exploration 

tools. 
• Test and Reliability: test and reliability solutions for circuits and architectures. 

Potential Contributors 

The Special Issue will have an open call for contributions and, in addition, contributors to CIM workshop 
at DATE 2020 will be approached.  

Important Dates and Review Process 

Each paper will receive at least three reviews. The proposed schedule is: 

• Submission Deadline: July 1, 2020 August 1, 2020 
● Author Notification: September 15, 2020 October 15, 2020 
● Revised Manuscript Due: October 15, 2020 November 15, 2020 
● Notification of Acceptance: December 1, 2020 January 1, 2021 
● Publication date: TBD 

 

 
 



ACM Transactions on Emerging Technologies in Computing Systems (JETC) 
Call for Papers 

Special Issue on Monolithic 3D: Technology, Design and Computing Systems Applications 
Perspectives 

Guest Editors: 
 
Sébastien THURIES, sebastien.thuries@cea.fr, CEA-LIST 
Aida TODRI-SANIAL, aida.todri@lirmm.fr, CNRS/LIRMM 
 
Scope and Purpose:  
 
Over the last 50 years, Computing Systems have successfully surfed the Moore’s law wave. 
Today, we observe a clear stagnation in this miniaturization race while a new generation of 
applications (such as Artificial Intelligence) are producing unprecedented amounts of raw 
data. To overcome this major challenge, new technologies aiming at revising classical 
Computing Architecture that are continuously moving data from the processing unit to 
memory are essential. Monolithic-3D technology (M3D) has the potential to improve the 
energy efficiency of new computing architectures. Indeed, thanks to its nano-scale Monolithic 
Inter Tier Via that is 100x smaller than state of the art Through Silicon Vias, M3D opens the 
door for new computing systems immersed in memory.  
 
Currently, there is much effort spent on M3D technology development and system-level 
design. Yet, numerous challenges remain. For example, the development of “cold process” to 
monolithically fabricate a reliable device on top of another one. Another challenge is on the 
understanding of the physical issues (electro-thermal) and design of energy efficient and 
reliable M3D systems. Ultimately, CAD tools for planar technology must be adapted for M3D 
to enable new computing architectures for large on-chip memory bandwidth. This special 
issue aims at addressing these problems to speed up the emergence of High Energy Efficient 
Computing Systems. 

Topics of Interest: 
This special issue is looking for innovative research on Monolithic 3D computing systems 
over multiple scales of circuit design, microarchitecture, system applications and software 
development. The areas of interests include but not limited to:  
 
• Systems and applications  
• Hardware architectures and micro architectures 
• Hardware – Software co-design 
• Model and simulation 
• Design tools and framework, covering any of architecture – circuit - technology levels. 
• Reliability and Testability 
 
Interested authors should submit their papers to mc.manuscriptcentral.com/jetc, and select 
the paper type “Special Issue on Monolithic 3D.” The author guidelines can be found at 
jetc.acm.org/authors.cfm. 
 
Important Dates  
• Manuscript submissions due: September 1, 2020 
• First round of reviews completed: November 11, 2020  
• Revised manuscripts due: December 15, 2020 
• Second round of reviews completed: January 1, 2021                       
• Final manuscripts due: January 3, 2021  
 
For questions or further information, please contact jetc.monolithic3d-editors@acm.org. 
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What is TC-VLSI? 

A technical committee of IEEE-CS serves as the focal point of 
the various technical activities within a technical discipline. 

TCVLSI is a constituency of the IEEE-CS that oversees various technical 

activities related to VLSI. 

Join TCVLSI  

It’s free to join @  
bit.ly/join-tcvlsi  

 

 

 

 

 

Technical Scope Various 
aspects of  

VLSI design including 
design of system-level, 
logic-level, and circuit-

level, and semiconductor 
processes 

 
 

TCVLSI Offers 
‣  Student travel grants 
‣   Best paper awards 
‣  Timely CFP info 
‣  Free membership 
‣  Venue to contribute to 

VLSI 
‣  Circuits & Systems 

Letter 
‣  News & View to VLSI 

Community 

NEWSLETTER 
It’s free, 4 Issues/Year 

bit.ly/vcal-news 

1 

STARTING A 

CONFERENCE? 
Get in touch &  
Let us know! 

2 

LOOKING FOR 

CO-

SPONSORSHIP? 
We want to hear from you! 
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CONTACT: TCVLSI CHAIR | ASENGUPT@IITI.AC.IN 2020 

Technical Committee on VLSI (TCVLSI), IEEE-CS 

http://www.ieee-tcvlsi.org  

Key People 

TCVLSI Chair 

Anirban Sengupta, Indian Institute of Technology Indore 

Newsletter EiC –  

Anirban Sengupta, Indian Institute of Technology Indore 

Vice Chair for Conferences – 

Jia Di, University of Arkansas 

Treasurer –  

Hai (Helen) Li, Duke University 

Vice Chair for Membership and Co-Webmaster – –  

Dhruva Ghai, Oriental University Indore, India 

Vice Chair for Liaison –  

Nagi Naganathan, Avago Technologies 

Vice Chair Outreach and Webmaster – – 

Mike Borowczak, University of Wyoming 

Past Chair –  

Saraju Mohanty, University of North Texas, USA 

 

TCVLSI Sister Conferences  

Sponsored 

ARITH: www.arithsymposium.org 

ASAP: http://www.asapconference.org/ 

ASYNC: http://asyncsymposium.org/ 

iSES: http://www.ieee-ises.org (formerly iNIS) 

ISVLSI: http://www.isvlsi.org 

IWLS: http://www.iwls.org 

MSE: http://www.mseconference.org  

SLIP: http://www.sliponline.org 

ECMSM: http://ecmsm2017.mondragon.edu/en  

 

Technically Co-Sponsored 

ACSD: http://pn2017.unizar.es/ 

VLSID: http://vlsidesignconference.org 

http://bit.ly/join-tcvlsi
http://bit.ly/vcal-news
http://www.ieee-tcvlsi.org/


 

 

 IEEE Computer Society Technical Committee on VLSI

(A Quarterly Publication of IEEE-CS TC on VLSI, TCVLSI) 

Editor-in-Chief (EiC): 
Anirban Sengupta, Indian Institute of Technology 
Indore, India, asengupt@iiti.ac.in 

  

Deputy Editor-in-Chief (EiC): 
Yiyu Shi, University of Notre Dame, USA 

  

Associate Editors: 

Features: Hideharu Amano, Keio University, Japan 

Features: Shiyan Hu, Michigan Technological University, 
USA  

Features: Saket Srivastava, University of Lincoln, United 
Kingdom 

Features: Qi Zhu, University of California, Riverside, 
USA 

Opinions: Michael Hübner, Ruhr-University of Bochum, 
Germany 

Opinions: Yasuhiro Takahashi, Gifu University, Japan  

Opinions: Sergio Saponara, University of Pisa, Italy 

Updates: Hai (Helen) Li, Duke University, USA,  

Updates: Jun Tao, Fudan University, China,  

Updates: Nicolas Sklavos, University of Patras, Greece, 

Updates: Himanshu Thapliyal, University of Kentucky, 
USA  

Outreach and Community: James Stine, Oklahoma 
State University, USA 

Outreach and Community: Mike Borowczak, University 
of Wyoming, USA 

 

  

More information at: 
https://www.computer.org/web/tcvlsi/circuit

s-and-systems-letter 
Submission details:  

Please visit the website and use standard 
VCAL template to prepare the manuscript 

 

The IEEE VLSI Circuits and Systems Letter (VCAL) 

is a quarterly publication which aims to provide 

timely updates on technologies, educations and 

opportunities related to VLSI circuits and systems. 

The letter is published four times a year and it 

contains the following sections: 

Features: selective research papers within the 

technical scope of TCVLSI. Goal is to report novel 

interesting topics related to TCVLSI, as well as short 

review/survey papers on emerging topics in the 

areas of VLSI circuits and systems. 

Opinions: Discussions and book reviews on recent 

VLSI/nanoelectronic/emerging circuits and systems 

for nano computing, and “Expert Talks” to include 

the interviews of eminent experts for their concerns 

and predictions on cutting-edge technologies. 

Updates: Upcoming conferences/workshops of 

interest to TCVLSI members, call for papers of 

conferences and journals for TCVLSI members, 

funding opportunities and job openings in academia 

or industry relevant to TCVLSI members, and 

TCVLSI member news. 

Outreach and Community: The “Outreach K20” 

section highlights integrating VLSI computing 

concepts with activities for K-4, 4-8, 9-12 and/or 

undergraduate students.  

Have questions on submissions; contact EiC: Dr. 

Anirban Sengupta (asengupt@iiti.ac.in) 

Join TCVLSI for FREE to be a part 
of a global community, visit: 

http://www.ieee-tcvlsi.org 
 

Aim and Scope  

 

IEEE VLSI Circuits & Systems Letter 
 

mailto:asengupt@iiti.ac.in
https://www.computer.org/web/tcvlsi/circuits-and-systems-letter
https://www.computer.org/web/tcvlsi/circuits-and-systems-letter
mailto:asengupt@iiti.ac.in


   
 

ieee-tcvlsi.org 

 

 

IEEE VCAL – TCVLSI Newsletter: Call for Contributions 
 

The VLSI Circuits and Systems Letter aims to provide timely updates on technologies, educations and opportunities 

related to VLSI circuits and systems for TCVLSI members. The letter will be published quarterly a year (containing peer-

reviewed papers) and it contains the following sections: 

 Features: Selective short papers within the technical scope of TCVLSI. This section introduces interesting topics 

related to TCVLSI, and short review/survey papers on emerging topics in the areas of VLSI circuits and systems. 

 Opinions: Discussions and book reviews on recent VLSI/nanoelectronic/emerging circuits and systems for nano 

computing, and “Expert Talks” to include the interviews of eminent experts for their concerns and predictions on 

cutting-edge technologies. 

 Updates: Upcoming conferences/workshops of interest to TCVLSI members, call for papers of conferences and 

journals for TCVLSI members, funding opportunities and job openings in academia or industry relevant to TCVLSI 

members, and TCVLSI member news. 

 Outreach and Community: The “Outreach K20” section highlights integrating VLSI computing concepts with 

activities for K-4, 4-8, 9-12 and/or undergraduate students. 

 

We are soliciting contributions to all these four sections. Please directly contact the associate editor of the section. 

Submission Deadline: 

All contributions must be submitted by Sep 15, 2020 in order to be included in the November issue of the letter. 

Editor-in-Chief: 

 Anirban Sengupta, Indian Institute of Technology Indore, asengupt@iiti.ac.in 

Deputy Editor-in-Chief: 

 Yiyu Shi, University of Notre Dame, USA, yshi4@nd.edu 

Associate Editors: 

 Features: Nicolas Sklavos, University of Patras, Greece, nsklavos@ieee.org 

 Features: Hideharu Amano, Keio University, Japan, hunga@am.ics.keio.ac.jp 

 Features: Shiyan Hu, Michigan Technological University, USA, shiyan@mtu.edu 

 Features: Saket Srivastava, University of Lincoln, United Kingdom, ssrivastava@lincoln.ac.uk 

 Features: Qi Zhu, University of California, Riverside, USA, qzhu@ece.ucr.edu  

 Opinions: Michael Hübner, Ruhr-University of Bochum, Germany, Michael.Huebner@ruhr-uni-bochum.de 

 Opinions: Yasuhiro Takahashi, Gifu University, Japan, yasut@gifu-u.ac.jp 

 Opinions: Sergio Saponara, University of Pisa, sergio.saponara@iet.unipi.it 

 Updates: Helen Li, University of Pittsburg, USA, hal66@pitt.edu (featured member story) 

 Updates: Jun Tao, Fudan University, China, taojun@fudan.edu.cn (upcoming conferences, symposia, and 

workshops, and funding opportunities) 

 Updates: Amey Kulkarni, NVIDIA, USA, amey@ieee.org (Industry funding and job opportunities) 

 Updates: Himanshu Thapliyal, University of Kentucky, USA, hthapliyal@uky.edu (call for papers and proposals, 

job openings and Ph.D. fellowships) 
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