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From the Editor-in-Chief’s Desk - Editorial 
 

The 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. 
 
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 
2018, ISVLSI 2018, IWLS 2018, iSES 2018 (formerly iNIS 2017) and SLIP 2018. 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 areas: majority logic 
synthesis, cascade OTA, Highly Linear Source Degenerated OTA, Self-Correcting the Clock Jitter inside the PLL etc. 
Professional articles are solicited from technical experts to provide an in-depth review of these areas. The 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.  
 
We would like to express our great appreciation to all editorial board members (Yiyu Shi, Shiyan Hu, Hideharu Amano, 
Mike Borowczak, Helen Li, Himanshu Thapliyal, Michael Hübner, Theocharis Theocharides, Saket Srivastava, Yasuhiro 
Takahashi, Jun Tao, Sergio Saponara, James Stine and Qi Zhu) for their dedicated effort and strong support in organizing 
this letter. The complete editorial board information is available at: https://www.computer.org/web/tcvlsi/editorial-board. 
We are thankful to our web chair Mike Borowczak, for his professional service to make the letter publicly available on the 
Internet. We wish to thank all authors who have contributed their professional articles to this issue. We hope that you will 
have an enjoyable moment when reading the letter! The call for contributions for the next issue is available at the end of 
this issue and we encourage you to submit articles, news, etc. to an associate editor covering that scope. 
 

 

 

 

Saraju Mohanty 
Chair TCVLSI and Editor-in-

Chief, University of North Texas 
 

Anirban Sengupta 
Editor-in-Chief and Executive Committee of TCVLSI 

Indian Institute of Technology, Indore 
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Highly Linear Source Degenerated OTA Using Floating Gate MOSFET 
Technique 
Tanmay Dubey, Rishikesh Pandey* and Sanjay Sharma 
Department of Electronics and Communication Engineering, Thapar University, Patiala-147004, India 
Corresponding author: riship23@gmail.com 

Abstract – In this letter, a highly linear operational transconductance amplifier (OTA) is presented. The proposed OTA is 
operated at the supply voltages of ±0.5V. The floating gate MOSFETs are used to achieve low voltage operation of the 
proposed OTA while source degeneration linearization technique is used to increase the linearity. The main advantages of 
the proposed OTA are rail-to-rail input differential voltage range and wide bandwidth. The simulations have been 
performed by Cadence EDA tool using typical parameters of UMC 0.18μm CMOS technology and results are presented to 
validate the theoretical analysis. 

1. Introduction 
From the last two decades as the battery operated devices comes into market, the demand of circuits, which can work 

with low voltage power supply has increased [1]. For analog circuit design, it is more difficult and challenging than its 
digital counterpart to work with low power supply due to the limited voltage headroom. This is because the threshold 
voltage and drain-to-source saturation voltage of CMOS technologies do not scale down at the same rate or do not scale at 
all with the supply voltage. There are two methods available to reduce the power supply requirement of analog circuits. 
One is the technology modification and the other one is the transistor implementation [2]. In technology modification 
technique, the threshold voltage is dependent on device technology and can be reduced by changing the technology node. 
The higher threshold provides better noise immunity but as the threshold voltage reduces the noise margin also decreases 
which can cause poor signal-to-noise ratio (SNR). The drop in noise margin limits the further reduction in threshold 
voltage to the noise floor level. The power requirement of analog circuits can also be reduced by using transistor 
implementation techniques. Some of the transistor implementation techniques available in literature are level shifters, self-
cascode MOSFETs, sub-threshold MOSFETs, bulk-driven MOSFETs, floating gate MOSFETs [3, 4], FinFETs [5] etc. 
Among these techniques, one property which makes floating gate MOSFETs more suitable for low voltage applications is 
the programmability of threshold voltage. The threshold voltage of floating gate MOSFETs can be programed to the lesser 
value than its conventional value [6, 7]. Due to this property and compatibility with standard double-poly CMOS process, 
FGMOS is used in many analog circuits such as digital-to-analog (D/A) converters [8], voltage controlled resistors [9, 
10], neural networks [11], current mirrors [12], operational transconductance amplifiers [7, 13], dividers [10, 14], etc. 
Motivated by the unique characteristics of the floating gate MOSFETs, a highly linear OTA is proposed. The OTA is a 
versatile building block employed as the active cell in many analog integrated circuits such as continuous-time filters [15], 
variable gain amplifiers [16] etc.  

2. Operation of Floating Gate MOSFET 
The floating gate MOSFET (FGMOS) finds its name due to the reason that there exists an electronically isolated gate 

creating a floating node in DC above which numbers of secondary gates are deposited electrically isolated from floating 
gate. There exist only capacitive connection between inputs and floating gate [17]. The floating gate is completely 
surrounded by highly resistive material which makes it suitable to work as a chare storage device. This property of 
FGMOS is firstly used in EPROMs, EEPROMs and flash memories to store the digital information for long time period 
[18]. The second property of FGMOS, which makes it suitable for low-voltage low-power analog circuits is the reduction 
of effective threshold voltage which is controlled by the amount of static charge stored in the floating gate [19].   Figures 
1(a) and (b) show the symbol and equivalent circuit model of N-input n-type FGMOS, respectively. In both the figures, Vi 
(for i=1, 2, …, N) are the control input voltages and D, S and B are the drain, source and substrate, respectively.  
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The drain current ID of n-type N-input FGMOS in saturation region is given as [20, 21]: 

I μ C W
L

∑
V 	 V V            (1) 

where μ  is the electron mobility, C  is the gate-oxide capacitance per unit area, W L  is the aspect ratio, ∑ C  is 
the sum of the N-input capacitances, ViS is the applied input voltage at the ith input gate with respect to source, VDS is 
the drain-to-source voltage, VBS is the substrate-to-source voltage,	V  is the threshold voltage, CT (=∑ C C
C C ) is the total capacitance seen by the floating-gate, CGD is the parasitic capacitance between floating-gate 
and drain, CGS is the parasitic capacitance between floating-gate and source, and CGB is the capacitance between 
floating-gate and substrate.  

Equation (1) can also be written as: 

I K V V                    (2) 

where  K 	 μ C W
L  is the transconductance parameter and V

∑
V 	 V  is the 

floating-gate voltage. 

For a two-input n-type FGMOS if voltages Vb (DC bias voltage) and Vin (input voltage) are applied at the two terminals, 
then due to the bias voltage the threshold voltage (VT) of the FGMOS adjusts itself to a new value VTequivalent.  

V
⁄

⁄
	                  (3) 

The threshold voltage (VTequivalent) of FGMOS becomes lower than the threshold voltage of a conventional MOSFET by 
selection of appropriate values of Vb, C1 and C2 [4, 6]. 

 

                          
 

     (a)                                                                 (b) 

Figure 1: Floating gate MOSFET (a) Symbol and (b) equivalent circuit model 

3. Proposed Source Degenerated OTA 
Figure 2 shows the proposed source degenerated OTA in which all the FGMOSs are biased in the saturation region. 

In this circuit there are two differential pairs connected in series configuration. These differential pairs are formed using 
two-input n-type FGMOSs M1, M3, and M2, M4. The two resistors R1 and R2 provide source degeneration for each 
differential pair. The input voltages V1 and V2 are applied at one of the input gates of FGMOSs M1 and M2 respectively. 
The FGMOS transistor M5 is used to form a current source. In the circuit, two current mirrors are formed using p-type 
FGMOSs M11 – M13, M14 – M16 whereas three current mirrors are formed using n-type FGMOSs M6–M10, M17–M18, M19–
M20. These current mirrors are used for biasing purpose while remaining transistors are used to transfer the currents at the 
appropriate nodes. The bias voltages Vb, Vb1, Vb2, Vb3, Vb4, Vb5 and Vb6 are used to reduce the threshold voltages of 
FGMOSs. 
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Figure 2: Proposed source degenerated OTA 

 

In Figure 2, by applying KVL in the loop ABCDEFG, the loop equation can be written as 

V V IR V V IR V V 0		           (4) 

Since, the differential input voltage Vin = V1-V2 and resistance R1 = R2 = R, (4) reduces to 

V 2IR V V V V               (5) 

By substituting the values of VFGS1, VFGS2, VFGS3 and VFGS4 from (2) in (5), the current (I) flowing through resistance R is 
given as 

I                  (6) 

From Figure 2, the output current (Iout) of proposed OTA is observed as 

I I I 2I	                   (7) 
                    

Using (6) in (7), the output current (Iout) is given as 

I 	K V I R                (8) 

Equation (8) shows the relationship between output current (Iout) and differential input voltage (Vin) of proposed OTA.  

The transconductance (Gm) of the proposed OTA can be calculated as 

G                      (9) 

where  gm=
IB  is the transconductance of the transistors M1-M4.  

The nonlinear term in (8) depends on (Vin – IoutR) rather than Vin. Since, the value of resistance R is chosen as R>>1/gm, 
the nonlinear term becomes zero and thereby high linearity is achieved.  

5. Result and Analysis 
In this Section, the simulation results of proposed OTA are presented. The workability of the proposed circuit has 

been verified by Cadence EDA tool using typical parameters of UMC 0.18μm CMOS technology 
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5.1. Simulation Results of Floating-Gate MOSFET Based Source Degenerated OTA 
The DC transfer characteristics and the frequency response of the proposed OTA are shown in Figures 3 and 4, 

respectively. From Figure 3, it is evident that the output currents of the OTA vary linearly with respect to the input 
differential voltage (Vin) and the range of the input differential voltage for linear operation is -0.5V to +0.5V. From Figure 
4, the transconductance value and the bandwidth of the proposed OTA are observed as 92μA/V and 952MHz, 
respectively. 

 
 

Figure 3: DC transfer characteristics 

 

 

 
Figure 4: Frequency response of proposed OTA 

 

In Figure 5, the transconductance vs. frequency plots are shown for different values of bias current (IB) ranging from 
160µA to 240µA with the increment of 20µA and the corresponding values of transconductance are obtained as 
78.14μA/V, 85.86μA/V, 91.92μA/V, 96.63μA/V and 100.34μA/V, respectively.  

The Total Harmonic Distortion (THD) with respect to the variations of input differential voltage of proposed OTA is 
shown in Figure 6. To obtain this plot, the peak-to-peak amplitude of sinusoidal differential input voltage is varied from 
0.1V to 1V at 1MHz frequency and from the figure, it is observed that the THD of proposed OTA remains less than           
-43dB for entire range of input voltage variations. The comparison of different performance parameters of proposed OTA 
with other existing OTAs available in literature is listed in Table 1. From the table, it is observed that the proposed OTA 
shows better linearity performance than the OTAs reported in [24-26] and the power consumed by the proposed OTA is 
lesser than that of the OTAs reported in [27, 28]. Along with that the proposed OTA also shows rail-to-rail operation that 
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is not in the case of work presented in [22], [23], and [25-27]. The bandwidth of proposed OTA is also better than the 
other designs. 

 
Figure 5: Variation of transconductance for different values of bias current (IB) 

 

 

 
Figure 6: Total Harmonic Distortion plot of proposed OTA 

 

 

TABLE 1 

COMPARISON OF PROPOSED OTA WITH OTHER OTAS AVAILABLE IN LITERATURE 

References 
Power 
Supply 

(V) 

Gm 
(μA/V) 

Bandwidth 
(MHz) 

Input 
Range 
(Vpp) 

Power 
Consumption 

(mW) 

THD (db) 
@Frequency (MHz) 

@Input (Vpp) 
[22] ±0.9 22 - 1 0.057 - 
[23] 1.5 40 65 0.95 0.126 -110@0.001@0.35 
[24] 0.8 28.4 - 0.8 0.0312 -40@1@0.8 
[25] 1.5 155 40 0.6 0.042 -55@5@0.1 
[26] 2 266 175 0.6 0.160 -48@0.001@0.4 
[27] ±1.5 850 780 0.4 20 - 
[28] ±1.5 46 - 3 2.6 -60@0.1@3 
[29] 0.5 245 10 0.5 0.11 -45@5@0.4 
[30] 0.7 - - 1.4 0.010 -35@5@0.4 

Proposed work ±0.5 92 952 1 0.65 -43@1@1 
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5. Conclusion 
The source degenerated OTA with high linearity using FGMOS technique is developed. The source degeneration 

technique is used to increase the linearity of the designed OTA. The proposed OTA operates at the supply voltages of 
±0.5V. The main features of the proposed circuit are rail-to-rail input voltage range, transconductance gain of 92μA/V and 
bandwidth of 952MHz. 
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Majority Logic Synthesis for Area Delay Trade-off in Emerging Technologies 
Vipul Kumar Mishra 

Department of Computer Science Engineering, Bennett University, Greater Noida, India 

Abstract – This letter presents a novel majority logic synthesis (MLS) which optimize area delay trade-off using a novel 
cost of circuit (CoC) parameter. The CoC overcome the problem faced by previous synthesis algorithms, which were 
mainly focused on the area or delay optimization. Experiments on microelectronics center of north carolina (MCNC) 
benchmarks indicate that the proposed approach has achieved an average reduction of 36% in delay, and an average 
reduction of 15% in cost of circuit with a 1.5% overhead in the area. 

1. Introduction 
The realization of Moore's law was based on continuing transistors scaling down, transistor getting less costly to 

produce, consume less energy and get faster when scaling down. However, further scaling generates new challenges such 
as increased gate leakage current, electro-migration failures, and increased difficulties in lithography due to the 
fundamental physical limits of CMOS technology [1]. Therefore, emerging technologies such as quantum dot cellular 
automata (QCA), nano magnetic logic (NML) and single electron tunneling (SET), are considered as potential alternatives 
of CMOS technology for sustaining Moore's law. In these technologies, majority gate acts as foundation logic device 
during synthesis of the boolean network into majority network using majority gate and inverter. This process is formally 
known as majority logic synthesis. CMOS logic synthesis methodologies are not capable to handle majority gate which 
used as basic unit in majority logic synthesis. Therefore, a novel investigation is required for majority logic synthesis to 
produce optimal results.  
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This letter presents a novel majority logic synthesis approach which optimize the result by using a novel parameter 
named as cost of circuit(CoC) during majority logic synthesis which helps to maintain balance between area and delay of 
the circuit.  

 

2. Related Work 
Researchers have proposed a majority synthesis technique in [7] was the first automated method for majority logic 

synthesis, it failed to produce optimal results in terms of majority gate count and number of majority levels. In [8], authors 
proposed a cost metric to evaluate a majority network which helps to improve the majority circuit.  Moreover, the authors 
in [9] presented a methodology which can handle 4 variable networks by using 3-input majority gates. The drawback of 
[7-9] is that they are exhaustive in nature. Also, the methodologies presented in [7-9] used both area and delay separately 
in their approach during synthesis but, maintaining trade-off between area and delay is become critical during synthesis.  

3. Proposed Approach 
The flow diagram of proposed Majority logic synthesis is shown in Figure 1. The proposed procedure starts with taking an 
input of a Boolean network. Then preprocessing is performed using the SIS [2] or ABC [3] tool in such a way that 
preprocessed network should not have more than three fan-in, adopted from [8,10]. After preprocessing process Boolean 
network will have ‘N' Boolean functions with maximum 3 fan-in. (Note- Any Boolean function with 3 or less fan in can be 
transformed maximum four majority gates and two levels. Suppose a Boolean network has N function with 3 fan-in each 
then 4*N majority gate and 2*N level needed for equivalent majority network in worst case and N majority gate and 1 
level in best case. Therefore, proposed methodology reduces required majority gate and number of levels.) The next step 
is to convert all 'N' Boolean function into majority function one by one using B2M engine as shown in Figure 1. For each 
function f present in preprocessed network N, first selected function f is checked that f is a primitive function or non-
primitive function. (Note- Those Boolean functions which can be represented by only onemajority gate are called as  
primitives. Primitives act as a library (basic units) for the majority logic synthesis process). If f is a primitive function  
then add respective majority function to the majority network. If f is not a primitive function then we determine majority 
expression using proposed B2M Engine (shown in Figure 1) and add majority function M into the majority network. This 
process repeats until all of the functions in the ‘N' will not transform into equivalent majority functions. 
The first step of proposed B2M engine is determine the minterm of the boolean function f. Then determine modified 
levenshtein distance (MLD) between f and the primitives pi using eqn. 1.  

,
| | | ∩ |
| | | ∩ |

          (1)  

a. Determine f1 
First, we select a function fx which has minimum MLD from the primitives. If there is a tie among functions then select 
the function fx with minimum cost. Cost can be calculated using the following function: 

	 1 2           (2) 

 
Where Amax is the maximum area of a two-level function, A(mf) area of the majority function, D(mf) delay of majority 
function, Dmax maximum delay of two-level majority function, w1 and w2 are weight factors for area and delay 
components. W1 =0.5 and w2 =0.5 indicate equal weightage to area and delay both.   

b. Determine f2 
After selecting f1, the next task is to determine f2. Select a function fi from primitive such that fi should satisfy rule 
describe in eqn, 3. If tie then select minimum cost function using eqn. 2. 

           (3) 
 
Where fmt is miterm of function f and  is minterm of function fi. 
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c. Determine f3 
After selecting f2, the next task is to determine f3. Select a function fi from primitives such that fi should satisfy rule 
describe in eqn 4. Once we determine f1; f2; f3 then generate majority function M (f1; f2; f3). 

        (4) 
This whole process repeats until all the functions in the boolean network are not converted into the majority function. 
Finally, we have an equivalent majority network for a given boolean network. 

4. Result  
The proposed approach has been implemented in Java and runs on Intel core i5-6200M processor, 2.3 GHz 8GB DDR3 
RAM. For comparison, we tested multiple benchmarks circuit from MCNC benchmark [11]. A comparative study of the 
proposed approach and previous works [7]–[9] in terms of area, delay and CoC of the majority network have been 
presented in this section. Area and delay value of majority gate taken from [4-6] are shown in Table 1.  

 
 

Figure 1: Flow diagram of proposed majority logic synthesis 
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Table 1. Area and Delay values of Majority gate and inverter 

 
During comparison area, delay and CoC of the majority network calculated using eqn. 5, 6, and 7 respectively.   

 # 3* ( 3) # 5* ( 5)Area M A M M A M            5 

* ( )Delay Level Delay of Majority gate           6 

1 2* *
Max Max

Area Delay
CoC

Area Delay
              7 

where #M3 denotes the number of 3-input majority gates, #M5 denote number of 5-input majority gates, A(M3) denotes 

the area of a 3-input majority gate, and A(M5) denotes the area of a 5-input majority gate. ᶲ1 is weight factor of area, ᶲ2 is 
weight factor of delay. Areamax is maximum possible area of circuit, Delaymax maximum possible delay of the circuit. 

The comparative results are shown in Figure 2. It is clearly shown in the Figure 2B that proposed approach able to 
achieve a significant improvement (36 % in delay). Moreover,  proposed approach able to achieve 15% in cost of circuit 
as shown in figure 2C while proposed approach pay the penalty of 1.5% in area as shown in Figure 2A. During calculation 

of CoC we give equal priority to delay and area of the circuit. Thus, ᶲ1 = 0.5 and ᶲ2 = 0.5. 

 

 
(A): Comparison of proposed approach and previous approaches in terms of area 

 
(B): Comparison of proposed approach and previous approaches in terms of Delay 
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(C): Comparison of proposed approach and previous approaches in terms of CoC 

Figure 2: Comparison of proposed approach and previous approaches 

5. Conclusion 

This paper presented a novel cost aware majority logic synthesis methodology for emerging technologies. We introduced 
a novel parameter CoC to determine cost of circuit which helps to maintain trade-off between the area and delay. The 
proposed methodology achieved an average reduction in delay by 36% and overall cost of the circuit is reduced by 15% 
with and penalty of 1.5 % in area of the circuit when compared with the most recent works proposed in the literature. 
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Self-Correcting the Clock Jitter inside the PLL for prevention of Functional 
Failure inside the IC chip  
Suman Bhowmik, Sambhu Nath Pradhan, Bidyut K. Bhattacharyya, Fellow IEEE 

Abstract – Inputs of combinational circuits are generally taken after a latched stage in VLSI chip. If the combinational 
circuit is driven by an ideal clock with no jitter, it gives appropriate output after passing the necessary timing tests. But if 
the clock period of one clock differs from clock period of another clock in the same clock signal (clock jitter), then inputs 
will not get latched at the appropriate time to the combinational block. As a result, the combinational block will not give 
the desired output according to the input vectors, which leads to functional failure of the IC chip. In this work, PLL (Phase 
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Locked Loop) using feedback circuit is used for clock generation. This feedback circuit generates signal that 
automatically corrects the jitter in the clock signal. It is shown that using this technique functional failure can be 
prevented for combinational blocks inside the IC chip. For this purpose, benchmark circuit c432 of iscas’89 has been used 
to demonstrate the functional failure prevention using this scheme.  

1. Introduction 
Clock signal is used in circuit for synchronizing different input, output and intermediate signals. This clock signal 

can be generated by different techniques [1, 2], but in most of the cases PLL is used now a days for clock generation. An 
ordinary PLL can produce ideal clock when power supply stays at a constant value, which is the ideal case. But power 
supply doesn’t provide constant voltage all the time and fluctuates with time due to many reasons among which sudden 
current drawn by any circuit elements is notable. This power supply fluctuation of supply voltage is known as Power 
supply noise. Let us consider a standard PLL which is providing ideal clock signal. Now if we fluctuate the supply 
voltage, we can see clock period of the output clock increases as power supply voltage goes low and clock period reduces 
as power supply voltage goes high [3]. As a result, frequency of the clock changes with time due to power supply voltage 
fluctuation. Because of this frequency variation it causes set-up time violation and hold time violation which eventually 
leads to the functional failure of circuit operation [4]. Generation of clock jitter in CMOS PLL, due to power supply 
voltage fluctuation has been described in [5, 6]. It has been observed that, for every mV voltage drop, operating frequency 
of the chip reduces by about 2 MHz [7]. To reduce clock jitter, frequency divider can be used inside the ring oscillator for 
frequency boosting [8]. Ferroelectric capacitor based VCO is also used inside the PLL for clock jitter reduction [9]. By 
modifying charge pump circuit inside the PLL, jitter can be reduced [10]. Power supply noise reduction by controlling the 
current ramp using variable frequency clock instead of constant frequency has been shown in [11]. In [12], a technique 
has been proposed where auto generated control feedback inside the PLL can be used in order to reduce clock jitter at the 
output frequency clock. Operating principal of this auto generated control feedback methodology has been explained 
elaborately in [13]. In this work, it is shown that using this self-generated control feedback technique functional failure of 
the logic blocks inside the IC chip can be prevented. 

2. Concept of the Functional Failure due to Clock-Jitter 
Launch flop and capture flop play important role in the design of VLSI circuit. Launch clock edge is the edge where 

data is launched or we can say the edge where input signal is latched. Capture clock edge is the edge where data is 
detected after passing through some combinational logic. In short if we consider a positive (or negative) clock edge as 
launch clock edge, next positive (or negative) clock edge will be considered as capture clock edge. Designer’s main target 
stays to design such a way that all the combinational delay gets fit in between launch clock edge and capture clock edge 
which is one clock cycle. In practical scenario, it is less than one clock cycle due to set up and hold time but we don’t 
have to go deep in that approach to understand this work. Main reason to discuss this is to highlight the fact that input of 
the combinational block has to go through a flop stage which is discussed with the help of timing diagram in Fig. 1. 
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Figure 1: Violation of latched input to combinational circuit due to clock jitter. 

       In Fig.1, latched input to combinational portion of circuit has been shown for both ideal clock and jittered clock. The 
signals ‘clk_ideal’ and ‘clk_jitter’ are ideal clock with no jitter and clock with jitter respectively. The signals ‘pi_A’ and 
‘pi_B’ are actual input signals. But for synchronizing with time, these signals have to be latched and at a particular time 
where the edge of the clock is latched,is known launch clock edge as discussed above. When pi_A is changing for the first 
time from low to high, it has been detected in third clock edge for both ideal clock and jittered clock.But for pi_B, first 
transition from low to high has been detected in second clock cycle whereas it has been detected in third clock edge for 
jittered clock. Now, if we notice, ideal_A and ideal_B are two different signals having different shape. But jitter_A and 
jitter_B have turned out to be exact similar signal. Now when these signals, jitter_A and jitter_B will go through some 
combinational circuit operation, it will not give that appropriate result, which is expected (when ideal_A and ideal_B goes 
through combinational operation).For example if we consider simple XOR operation between pi_A and pi_B, ideally it 
should give HIGH for two clock cycles because in those two clock cycles (2nd to 3rd clock and 6th to 7th clock) ideal_A 
and ideal_B are different.But if we do XOR operation for jittered clock it will give LOW for entire time as both jitter_A 
and jitter_B have turned out to be exact similar signal. From above discussion it can be easily understood that, due to 
clock jitter functional deviation occurs for combinational circuit operation. It has been observed that using auto generated 
control feedback PLL, this functional failure of logic circuits can be prevented which has been discussed in later sections. 
In some earlier works, effect of performance because of clock jitter has been shown [14, 15]. Using proper packaging 
technology, including decoupling capacitor, using of LDOs are popular technique to deal with the issue [16, 17].   

3. Verification using Test Bench Circuit  
From the above section, it is understood logically that functional failure occurs due to clock jitter. In this work, we 

have shown that using self-generated control feedback PLL, this functional failure can be prevented. For that functionality 
of same combinational logic circuit has been tested in three different cases. First case for ideal clock, second case for 
jittered clock and third case using automatically generated control feedback PLL. Among these three, first case is ideal 
whereas rest of the two cases are practical. Second case shows the functional failure in practical case and the third case 
shows that functional failure can be prevented even in the practical case. To demonstrate these three cases, the benchmark 
circuit c432 of ISCAS’89 [12] has been used as combinational circuit. In Fig. 2, schematic of case three has been shown 
where self-generated control feedback has been passed through a clock-tree circuit. CLOCK CIRCUIT of Fig. 2 generates 
jittered clock due to power supply voltage fluctuation. With the help of R1 and R2, the auto generated control feedback 
signal Vctrl has been generated which is the inverted signal of VP. As a result, when VP goes higher, Vctrl goes lower and 
vice versa [12]. This compensates the rise and fall of current and thus eventually reduces the clock jitter in final clock 
output [11]. Each input to the c432 circuit has been taken after passing through input latch and thus 32 latches has been 
introduced for 32 different inputs as shown in Fig. 2. As the power supply of the latches is the same power supply of the 
oscillator circuit, effect of noise will appear in latch performance also.  So, effect of power supply noise on the overall 
performance of the chip can be understood more precisely. 

Clock Tree block shown in Fig. 2 has been designed using several CMOS buffer circuits. 32_Latches block is made 
up of several D-flip flops. To design c432 test-bench circuit, at first design specification and netlist has been taken. After 
that all the blocks required to make the entire test-bench circuit, have been designed and verified separately and joined 
altogether according to the design specification.  

 It is important to mention that CLOCK CIRCUIT mentioned in the Fig. 2 is a Phase Locked Loop (PLL) circuit. 
PLL circuit has been designed has input clock of 250 MHz and output clock of 2 GHz. In Fig. 3, block diagram of the 
designed PLL has been shown. Phase frequency detector block detects the phase difference between input and output 
clock. Charge pump block generates a voltage level signal correspond to phase difference signal produced by the phase 
frequency detector block. Low pass filter block smoothens the signal obtained by the charge pump block. After that comes 
Voltage controlled Oscillator or VCO which generates a corresponding output frequency from a input voltage. There is 
another block, frequency divider which is optional and required only in case of frequency multiplication. In our case, it is 
frequency divide by 4 circuit. BCLK is low frequency clock which has to be obtained by physical clock generator and 
CLK is the output of the PLL. For designing purpose, virtuoso tool of cadence has been used and all the design has been 
done in 45nm process file. 
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Figure 2: Implementation and Verification of proposed technique in c432 benchmark circuit 

 

Fig. 3 Phase Locked Loop block diagram 

4. Result and Discussion 

In this section, functionality of logic block has been tested and shown for three different cases. Ideal case with 
constant power supply voltage and constant clock has been shown in Fig. 4 (a). In Fig. 4 (b), practical case has been 
shown where power supply is fluctuating with time. It is noticed that clock frequency is also fluctuating in this case with 
time. Whenever supply voltage level is high, clock frequency is more and vice versa. In Fig. 4 (c), main power supply 
voltage is fluctuating as it is the real case but we can see another signal which is reverse of the supply voltage (self-
generated control feedback signal) as shown in Fig. 4. This signal compensates the current flowing through the circuit and 
thus produces constant clock which can be seen in the Fig. 4.  

Now for all the three cases, one of the input signals and one of the output signals have been shown. Same input and 
output signals have been shown for all the three cases. Latched input of the case (a), goes high for first 3 clock cycles then 
goes low for 2 clock cycles and so on. Output signal goes high in the second clock pulse for 1 clock cycle then goes low 
for 4 clock cycles and so on. Now if we see the case (b) from Fig. 4, it can be easily understood that neither input nor 
output is producing appropriate signal with reference to ideal case (a), which denotes the functional failure of the circuit 
operation. Now, if we notice case (3), where self-jitter correcting technique for generated clock is used, inputs and outputs 
are properly matching with the ideal case (a). Actually by self-correcting methodology current flowing through the circuit 
is controlled which eventually compensates the frequency fluctuation at the output. As a result, almost constant frequency 
clock can be obtained at the output with low jitter with self-correcting methodology. By understanding the explanation 
from Fig. 4, we can say that functional failure has been prevented by using self-generated control feedback for clock 
generation. 
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Fig. 4. Timing diagram showing functional failure prevention using auto generated control feedback technique 

5. Conclusion 
In this work it has been shown that using self-control feedback technique for clock generation, functional failure of 

logic circuit inside IC chip can be prevented. To validate this claim, a standard benchmark circuit c432 of ISCAS’89 has 
been used. It is shown that clock jitter is produced due to power supply voltage fluctuation, which eventually causes the 
functional failure of IC chip. Self-generated control feedback technique corrects the clock jitter which eventually prevents 
functional failure and this has been shown in this paper with necessary circuit diagram, timing diagram and explanation.  
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Gain Improved Design of Cascode OTA using PMOS Based Positive Feedback  
Sirikonda Rambabu, Alak Majumder 

VLSI Design Lab, Department of Electronics and Communication Engineering, 
National Institute of Technology, Arunachal Pradesh, India 

Abstract – The demand for low power circuits operating in large bandwidth has driven the research community to use 
Current Mode Techniques in analog circuit applications. One of the vital current mode circuits is an Operational 
Transconductance Amplifier (OTA), which induces output current from the differential inputs. In this work, a high speed, 
high gain OTA incorporating PMOS positive feedback is tendered and scrutinized. All the simulations are carried out for 
90nm CMOS process at a power supply of 1Volt with 0.5fF load using Cadence Virtuoso® platform. The circuit reads a 
gain, unity gain frequency (UGF) and power consumption of 58.4dB, 9.73GHz and 8.6µW respectively. 

 
1. Introduction 

The recent developments in technology evoke the need for high speed data transmission in order to meet the user 
demand. The requirements of low cost and reliable high speed data link in the past decade instigated to develop new logic 
circuits for analog and mixed signal design. The application specific integrated circuits (ASICs), notably comprising of 
digital blocks, generally consume huge power which has to be taken care of with the down scaling of power supply 
voltage and feature size. However, this exhibits the lowering of dynamic range and linearity of the analog circuits present 
in those ASICs. It is known that the current mode design techniques carry the potential to strengthen the bandwidth and 
linearity of analog circuits. Among the current mode designs, one of the popular analog signal processing blocks is 
operational transconductance amplifier (OTA), the modified form of operational amplifier having high output impedance 
[1]. The major application areas of OTA are namely data converters, four–quadrant multipliers, mixers, modulators, 
continuous–time filters and high–speed A/D converter [2 - 4]. Generally, high unity gain frequency (UGF) OTA are 
important of high speed applications whereas, the precision applications require high DC gain. But the design of high 
gain, high speed OTA for reduced supply voltage is still an open challenge. The architecture of conventional OTA is 
presented in figure 1, the voltage gain (Av) of which is expressed as:  
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Where, gm and gout indicate the transconductance and output conductance respectively and they are noted as follows: 
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Figure 1: Schematic of Conventional OTA                     Figure 2: Modification in Conventional OTA [5] 

A modified version of Conventional OTA, as shown in figure 2 is introduced in [5], where the differential inputs 
control the biasing of M7 and M8 to offer an enhancement in the transconductance (gm), as expressed in equation (4). As 
the value of numerator in equation (1) increases, it conceives higher DC gain along with the enhancement in the output 
swing and UGF. 

 

m m1 m7g g g                           (4) 
 

The prior art of OTA structure is abundantly available in literature. In [6], a high gain and high swing two stage 
cascode structure was presented with less unity gain frequency (UGF) thereby influencing the performance of the 
amplifier. Vijeta et.al [7] has designed a floating gate MOSFET based two stage OTA to offer a noteworthy gain, but with 
a penalty in the phase margin, which resulted in lesser stability. In [8], an OTA with negative conductance load was 
discussed, which affected the precision of the amplifier after producing high UGF, but lesser gain. A new compensation 
technique based OTA was presented in [9], with higher gain and UGF giving away large penalty in terms of power 
consumption. An implementation of feed forward frequency compensation technique and reverse nested miller was 
reported in [10] by Sharan et.al to obtain a large gain OTA, which resulted in diminished UGF. Again, Zhang et.al also 
presented a feed forward regulated cascode OTA in 2008 to be operated in GHz range for large transconductance [11]. A 
SOI (Silicon-on-Insulator) FinFET based OTA was attempted in [12] to get a good gain, but with a small UGF. Likewise, 
there have been many approaches to enhance the DC gain of an OTA. Among these approaches, there was a technique 
which cascaded the gain stages to generate multiplication of gains, but it resulted in large phase shift and limited high 
frequency performance. Another approach was found by cascading the transistors to increase output impedance and gain 
only to suffer degradation in the output swing. Though the first approach delivered high gain, its power consumption is 
immense due to multiple biasing voltages applied [13]. 

Therefore, we have modified the conventional use of positive feedback in this paper to show an improvement in the 
gain of OTA by maintaining large UGF with comparably lower power in contrast to the traditional cascade OTA. 

 
2. Proposed OTA Structure 

The various design topologies of Op–Amp/OTA are Telescopic, Folded-Cascode, Two-Stage and Gain-Boosted. 
Telescopic has the highest speed with low power dissipation and low noise, but it suffered the issue of limited output 
swing and gain [1]. A modification of conventional OTA using telescopic topology is presented in this paper to achieve 
higher gain, higher swing and better speed with low power consumption. 
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A. Positive Feedback Concept 

The gradual scale down of MOSFETs alludes the positive feedback circuits to reasonably improve the small signal 
gain. The beauty of the proposed structure is such that it supplies a negative conductance by assimilating positive 
feedback from the output node. This results to nullify positive conductance by a margin at the output only to deliver high 
DC gain [14]. However, one major problem while incorporating positive feedback is that it induces the possibility of 
instability, which is to be controlled with significant design methodology. While applying positive feedback, the intrinsic 
gain gets diminished because of the scale down of MOSFET to maintain the stability. Another problem associated with 
positive feedback is that it strongly depends on the amplifier’s gain with transistor matching. However, it can be solved by 
proper choice of aspect ratios of the transistors [15]. 
 
B. Proposed OTA with PMOS positive Feedback 

The PMOS positive feedback is utilized as a load to the modified telescopic OTA to configure the final proposed 
architecture presented in figure 3(a), where the transistors M1, M7 and M2, M8 are steered by the differential input 
signals. In order to operate all the transistors in saturation region, proper biasing voltages are set. Taking the half circuit 
into consideration, the transistors M1 and M7 are fed with a positive AC input alongside a DC voltage to retain the 
transistors in saturation region. In this process, a negative output is observed at the node “Voutm” to control the operation of 
transistor M11, thereby maintaining a negative conductance at the output which neutralized the positive conductance 
occurrence due to the transistors M1, M3, M5 and M7. As a consequence, high gain is obtained.  

 

         
 

(a)                                                                                               (b) 
Figure 3: (a) Proposed Architecture with PMOS Positive Feedback (b) Equivalent small signal model 
	
C. Small Signal Analysis 

In figure 3(b), we have demonstrated the small signal equivalent circuit of the proposed OTA after considering the 
half circuit. To simplify the analysis in this case, we have not considered the body effect or substrate bias effect. The 
small signal analysis in figure 3(b) depicts the following equations: 

 

1 7 inV V V= =                          (5) 

3 xV V=                            (6) 

z 5V V=                            (7)
 

11 yV V=                           (8)
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11 y outV V V=                           (9) 
 

It is possible to express the transconductance (gm) of figure 3(b) using equation (4) as there is no input term in the 
positive feedback load. The circuit output conductance (gout) can be expressed as: 

out
out
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= at inV 0=

    

ds1 ds3 ds5 ds7 ds13 ds11
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m3 m5 m11

g .g g .g g .g
g

g g g
   	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 				(10)

		
The output conductance of the proposed OTA with PMOS positive feedback is represented by equation (10), which 

depicts that the output conductance is affected by negative conductance. A portion of positive conductance gets eliminated 
because of negative conductance effect which curtails the value of gout in comparison to that in equation (3). Thereby, a 
higher gain is achieved in contrast to equation (1). 

 
3. Results and Analysis 

The proposed OTA structure is simulated using Cadence Virtuoso® for 90nm GPDK technology with 10KHz input 
frequency (10µV amplitude) at a power supply (Vdd) of 1 Volt. A DC input of 610mV with bias voltages Va= 390mV, Vb= 
765mV, Vc= 330mV and Vd= 630mV are applied to the proposed OTA in order to be operated in saturation. In table 1, the 
channel dimensions of transistors are summarized which are used in the design of proposed architecture. 

 
TABLE 1 

TRANSISTOR SIZES 
MOS Transistors L 

(nm) 
W 
(nm) 

M1, M2, 
M3,M4,M5,M6,M10,M11 

100 150 

M7, M8 100 400 

M9 100 670 

M12, M13 100 145 

In figure 4, a phase of almost 1800 is displayed for the proposed OTA, which measures a DC gain of 58.4dB. The 
output and phase noise with respect to frequency is plotted in figure 5 to read a value of -70dB and 34dBc/Hz respectively 
for an offset frequency of 10 kHz. But these values of noise get reduced with increasing frequencies, which clearly 
indicates the reliability of the proposed circuit at higher switching frequencies. Again, the variation in transconductance of 
the proposed OTA in contrast to its load capacitance and input frequency is observed and plotted in figure 6(a) and figure 
6(b) respectively, which is found to be almost constant. The Total Harmonic Distortion (THD) as a function of input 
signal amplitude and frequency is also presented in figure 7(a) and figure 7(b) respectively. It is observed that the 
proposed OTA is offering nominal THD within -40dBm of the input amplitude and an almost constant THD with respect 
to the input frequency. 

 

4. Comparative Statement and Conclusion 
In table 2, a comparative analysis of the performances of the proposed OTA with respect to prior research is 

presented to state its supremacy. The DC gain is observed to get enhanced drastically from only 24dB to 58.4dB in the 
proposed configuration. The UGF is also get uplifted by 16.8% with respect to the conventional design without giving 
away any penalty in average power and it is also found to be quite better than the designs presented in [10], [11] and [16] 
after maintaining almost similar gain. It is also noted for our design to have outplayed the discussed prior arts as it offers 
much better slew rate. This high gain, high UGF OTA may be considered as a potential candidate for designing simple 
amplifiers with voltage-controllable gain, active filters, current reference circuit, charge pump and so on. 
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     Figure 4: Gain and Phase of Proposed OTA    Figure 5: Phase noise and output noise of Proposed OTA 

 

              
(a)                                                                                            (b) 

Figure 6: Plot of Transconductance as a function of (a) Load Capacitance (b) Input Frequency 
 
 

           
(a)                                                                                      (b) 

Figure 7. Total Harmonic Distortion analysis as a function of (a) Input Amplitude (b) Input Frequency 
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TABLE 2 
COMPARISON WITH PRIOR ART 

Parameters This Work Conventional Cascode OTA Ref. [11] Ref. [10] Ref. [16] 
Technology (nm) 90 90 90 180 130 

Supply (V) 1 1 1 0.5 0.25 
Gain (dB) 58.4 24 55.9 60 60 

UGF (GHz) 9.73 8.33 7.71 25 x 10-6 2 x 10-6 
Output Swing (VP-P) 2 1.786 2 --- --- 
Average Power (µW) 8.6 8.8 12.81 0.12 0.018 

Output Noise (µV/Hz1/2) 316.5 9.5 208.3 --- --- 
Slew Rate (V/ms) 576.9 467.8 514.5 15 0.7 

THD (%) @ -40dBm input Amplitude 0.09 0.005 0.004 --- --- 
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Abstract – Processes that need a defined type of data gathering and information centralization and post-processing can be 
realized through the use of networks of sensors, where this data is delivered from the sensors to a central computing unit, 
so that a human operator can analyze it and take the necessary measures regarding the system’s characteristics and the 
intended behavior. However simplistic this idea seems, it is still present in today’s industrial floors, and in order to better 
profit from the advantages available from this configuration, a new level of management regarding scheduling must be 
inserted into software layers in order to enable a safety and energy aware scheduling. 

1. Introduction 
Cyber-physical Systems (CPS) are a big step forward from the basic data-gathering networks, and they are said to be 

the fourth industrial revolution [1] and [2]. Therefore, the important contribution of CPS is its integration and connection 
of the hardware elements, e.g. sensors, actuators and computing units, with the software functionalities, e.g. automated 
routines and supervisor software, to perform energy efficiency and simultaneously keeping safety requirements. Many 
fields employ CPS into their operations [3], e.g. transportation, defense, energy and industrial automation, health and 
biomedical, agriculture and critical infrastructure, in order to automate the processes, the data gathering and the actions it 
can perform, while also lowering the quantity of human-made errors during run time. Furthermore, critical applications 
that must deal with several challenges find in CPS a powerful ally, since the system’s level of automation and 
independence is higher than those of basic manually supervised networks. 

2. Related Work 
CPS supports directly the agenda of Industry 4.0, which is a key driver of Europe’s economy and growth in industrial 

production, industrial automation and the related logistics. Only with novel concepts for sensors in a network, which goes 
far beyond what the current state of the art can deliver, the current and future requirements in terms of flexibility, safety 
and security can be provided. The leading industries in this area need novel solutions to develop energy efficient, highly 
flexible, robust, safe and secure sensor nodes for the next generation of factories in the age of Industry 4.0. The key 
elements here are to increase efficiency, decrease time to market and to enhance flexibility. The Industrial Internet [4] 
offers industry players the potential for high growth and improved efficiency. The results of a survey in [4] underline the 
promising attitude of the German industry in relation to Industry 4.0. Some milestones cited from this survey are: 

a. By 2020, European industrial companies will invest 140 billion annually in Industrial Internet 
applications 

b. More than 80% of companies will have digitized their value chains in the next five years 
c. The Industrial Internet increases productivity and resource efficiency, with an 18% increase in efficiency 

within five years 
d. Digitized products and services generate approximately an additional 110 billion per year for European 

industry 
The figures show the importance of CPS from the European perspective. The field of applications of CPS is very broad, 
ranging from small sensor networks to the power grid covering a whole country. Although being a solution to the 
problems where they are implemented, CPS bring with them several challenges, from project to operation, that must be 
taken into account. This section enumerates some examples of these challenges faced by CPS. In [7], Lee describes CPS 
as embedded computer systems which control physical processes. Through a feedback loop the physical process which 
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can influence the computations. It is stated that predictability and reliability of real-time behavior is hard to accomplish as 
today’s computing is short of temporal semantics and sufficient concurrency models. In addition, system failures can only 
be foreseen with limited probability and thus occur unexpected. However, predictability and reliability are two of the main 
objectives of embedded systems, as they are utilized in applications where failures are likely to end up in a catastrophe of 
relevant magnitude, as for instance when controlling aircrafts or power plants. Moreover, even when not applied in safety 
critical scenarios, the threshold for acceptance is usually higher than the one for general purpose computing. With the 
physical domain involved in these systems the expectation is even more increasing. Besides their own unpredictability 
these systems operate under unpredictable environmental parameters as the physical world is only predictable to some 
extent. Furthermore, Lee states that the principle of today’s systems is built upon imply that system abstraction levels rely 
on the predictability and reliability of the underlying level. However, most of the commonly used high-level programming 
languages do not provide predictability and reliability within the scope of CPS as the code does not contain any temporal 
description and thus may break real-time constraints by missing deadlines. Lee points out that timing behavior is not 
relevant for a correct program execution since such languages do not contain any temporal semantics, as described at the 
beginning. This difficulty is strengthened when the system gets more complex with concurrent threads and I/O 
components. In addition, it is stated that for real-time systems nearly all introduced abstraction layers fail because of the 
abstraction of timing properties. With the worst-case execution time (WCET) analysis a workaround has been found to 
define timing bounds for real-time operating systems. However, program execution time is varying and thus efforts need 
to be made to increase system efficiency. Moreover, it is described in [7] that reliability can only be determined by bench 
testing. In summary, the challenges described in [7] are predictable and reliable application execution with a lack of 
temporal description and modeling of concurrency in today’s computing systems. Moreover, maintaining real-time 
constraints in CPS when utilized in the physical world with unpredictability environmental run-time parameters is still a 
problem which needs to be tackled. Similarly, system stability needs to be ensured even though failures of system 
components can occur. Due to this, CPS faces several hurdles. Technical advances in the field of system design, such as 
formal verification, helped a lot to enable today’s systems to support real-time constraints and still maintain a certain 
degree of efficiency during design-time and run-time. However, according to Lee the full potential of CPS can only be 
exploited when predictability and performance can be achieved at the same time and though the underlying abstraction 
techniques used in modern computing systems need to be rethought. But especially one characteristic and requirement of 
a system, the safety level in relation to energy consumption or also the buffer of energy, is something where novel 
techniques for scheduling hardware and software needs to be investigated and realized. 

3. Proposed Approach 
The interaction of CPS with the environment introduces important challenges that have to be considered during their 
design. One of the most important, is time boundaries constraints. The unceasing stream of events and the unpredictability 
inherent in the physical world demands that CPS deliver its outputs during a certain time frame and also to react to 
unexpected events quickly enough to ensure performance, safety and reliability. A good example of this is the network of 
sensors in industrial automation, especially process automation. This network provides information from several sensors 
in a highly changing environment. Each sensor must process signals and respond accordingly within a well defined time 
frame to guarantee safety and good performance. There are, however, examples of controlled environments where real-
time constraints are also crucial. Considering a factory with several sensors over the manufacturing processes, the 
monitoring system has to be time-constrained such that it responds quickly enough to any detected failure to minimize 
risks [15]. Another example is the health monitoring and auxiliary systems for the elderly. In this case, the system 
receives information from a number of body sensors attached to the user, which can be then processed in an intermediate 
device such as a smartphone, and then, when an emergency arises, it should respond in a real-time predictable fashion to 
minimize health risks, by giving an alarm, call an ambulance or even give local auxiliary services [16]. Real-time 
constraints are, thus, an essential aspect to consider when designing CPS. 

In relation to real time constraints, stands definitely the safety requirement of a system. Especially in process automation, 
sensors have to provide a specific safety integrity level. Each device is classified according to the level of safety where it 
is used. However, dependently to the system state, the provided safety level can vary. This occurs due to the fact, that the 
energy e.g. in a battery powered sensor is limited and therefore the strategy of a sensor system could be to provide a lower 
safety level to save energy. The strategy to combine energy awareness with safety levels is a new research field, which 
enables with flexible sensor platforms, novel ways of scheduling the hardware and software components on a sensor 
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platform. According to a system status, a service request to a sensor, the negotiation of a quality of service, a scheduling 
algorithm has to find the right balance between energy consumption and required safety level. In a sensor platform, 
consisting of multiple sensors, multiple hardware modules including processors, accelerators and interface IP, additionally 
a software, maybe integrated with an operating system, has to be handled by a scheduling algorithm. It is obvious, that 
this scheduling algorithm has to be efficient in terms of performance and energy requirements. Therefore, new algorithms, 
cost functions modeling the different software and hardware models as well as the different safety levels have to be 
developed. With these cost functions, optimization algorithms need to find an optimal point of operation. This is 
classically a multi criterial optimization problem which is NP hard and can be efficiently handled e.g. with genetic 
algorithms. However, genetic algorithms are, for low and ultra low, power devices not suitable. Therefore, other 
algorithms like e.g. “tabu search” or a mixture of constructive and iterative algorithms might be more suitable. Neural 
networks are also a promising way to handle this challenge. Also here, a combination of safety requirements and the 
energy consumption is a new challenge which needs to be investigated. 

4. Conclusion 
The Internet-of-Things and the Industrial-Internet-of-Things needs novel hardware architectures providing an 

increased level of safety and energy awareness. The hardware itself needs to be controlled with novel scheduling 
algorithms which are capable, to operate sensor nodes in the optimal point in terms of energy by keeping all safety 
requirements coming from the application scenario. 

Reference 
[1] A. Brusaferri, A. Ballarino, F. A. Cavadini, D. Manzocchi, and M. Mazzolini, “Cps-based hierarchical and self-similar 
automation architecture for the control and verification of reconfigurable manufacturing systems,” in Emerging 
Technology and Factory Automation (ETFA), 2014 IEEE. IEEE, 2014, pp. 1–8. 
[2] E. Geisberger and M. Broy, agendaCPS: Integrierte Forschungsagenda Cyber-Physical Systems. Springer-Verlag, 
2012, vol. 1. 
[3] C. S. Group et al., “Cyber-physical systems executive summary,” CPS Summit, 2008. 
[4] PricewaterhouseCoopers AG WPG, “Industry 4.0: Opportunities and challenges of the industrial internet,” 
http://www.pwc.de/en/digitaletransformation/ pwc-studie-industrie-4-0-steht-vor demdurchbruch.jhtml, December 2014. 
[5] H. Ren, “A brief introduction on contemporary high-level synthesis,” in IC Design Technology (ICICDT), 2014 IEEE 
International Conference on, May 2014, pp. 1–4. 
[6] B. Fort, A. Canis, J. Choi, N. Calagar, R. Lian, S. Hadjis, Y. T. Chen, M. Hall, B. Syrowik, T. Czajkowski, S. Brown, 
and J. Anderson, “Automating the design of processor/accelerator embedded systems with legup high-level synthesis,” in 
Embedded and Ubiquitous Computing (EUC), 2014 12th IEEE International Conference on, Aug 2014, pp. 120–129. 
[7] E. Lee, “Cyber physical systems: Design challenges,” in Object Oriented Real-Time Distributed Computing (ISORC), 
2008 11th IEEE International Symposium on, May 2008, pp. 363–369. 
[8] A. Anis, W. Schafer, and O. Niggemann, “A comparison of modeling approaches for planning in cyber physical 
production systems,” in Emerging Technology and Factory Automation (ETFA), 2014 IEEE. IEEE, 2014, pp. 1–8. 
[9] A. Arrieta, G. Sagardui, and L. Etxeberria, “Towards the automatic generation and management of plant models for 
the validation of highly configurable cyber-physical systems,” in Emerging Technology and Factory Automation (ETFA), 
2014 IEEE. IEEE, 2014, pp. 1–8. 
[10] J. W. Ro, Z. E. Bhatti, and P. S. Roop, “A model-driven approach with synchronous semantics for developing hard 
real-time wsns,” in Emerging Technology and Factory Automation (ETFA), 2014 IEEE. IEEE, 2014, pp. 1–8. 
[11] A. Rajhans, A. Bhave, I. Ruchkin, B. H. Krogh, D. Garlan, A. Platzer, and B. Schmerl, “Supporting heterogeneity in 
cyber-physical systems architectures,” Automatic Control, IEEE Transactions on, vol. 59, 2014. 
[12] P. Derler, E. A. Lee, and A. S. Vincentelli, “Modeling cyberphysical systems,” Proceedings of the IEEE, vol. 100, 
no. 1, pp. 13–28, 2012. 
[13] J. Wei, D. Kundur, T. Zourntos, and K. L. Butler-Purry, “A flockingbased paradigm for hierarchical cyber-physical 
smart grid modeling and control,” Smart Grid, IEEE Transactions on, vol. 5, 2014. 
[14] P. Palensky, E. Widl, and A. Elsheikh, “Simulating cyber-physical energy systems: challenges, tools and methods,” 
Systems, Man, and Cybernetics: Systems, IEEE Transactions on, vol. 44, no. 3, pp. 318– 
326, 2014. 



27	
	

VLSI Circuits and Systems Letter   Volume 4 – Issue 2  May 2018 
 

[15] J. C. Eidson, E. A. Lee, S. Matic, S. A. Seshia, and J. Zou, “Distributed real-time software for cyber–physical 
systems,” Proceedings of the IEEE, vol. 100, no. 1, pp. 45–59, 2012. 

[16] Z. Lv, F. Xia, G. Wu, L. Yao, and Z. Chen, “icare: A mobile health monitoring system for the elderly,” in Green 
Computing and Communications (GreenCom), 2010 IEEE/ACM Int’l Conference on Int’l Conference on Cyber, Physical 
and Social Computing (CPSCom), Dec 2010, pp. 699–705. 

[17] Muhammed Al Kadi, Benedikt Janssen, Jones Yudi, and Michael Huebner. 2018. General-Purpose Computing with 
Soft GPUs on FPGAs. ACM Trans. Reconfigurable Technol. Syst. 11, 1, Article 5 (January 2018), 22 pages. DOI: 
https://doi.org/10.1145/3173548 

About the Authors 
 

Michael Huebner (michael.huebner@rub.de) is full professor (W3) at the Ruhr-University Bochun since 2012. He 
his main and co-author of more than 200 publications. Hübner leads the Chair for Embedded Systems of the 
Information Technilogy (ESIT). His research topic is reconfigurable computing and ultra low power processor design 

 

 

 

 

Javier Hofmann (Javier.hoffmann@rub .de) is research assistant at the Chair for Embedded Systems of the 
Information Technology (ESIT) since 2017. Javier Hoffmann received his M.Sc. in Applied Informatics from the 
Ruhr-University Bochum. His research focuses on Safety and Energy-aware Scheduling for Wireless Sensor 
Networks 

 

 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



28	
	

VLSI Circuits and Systems Letter   Volume 4 – Issue 2  May 2018 
 

 

Updates 
 

TCVLSI	Annual	Awards	‐	2018	
 
IEEE-CS-TCVLSI announced several awards from 2018. An International committee was formed to institute, form 
guidelines, seek nominations, and select annual awards. The committee consisted of the following renowned experts: (1) 
(Anirban Sengupta, IIT Indore, (2) Joseph Cavallaro, Rice University, (3) Mike Borowczak, University of Wyoming, and 
(4) Nagi Naganathan, Avago Technologies. The committee was Chaired by Joseph Cavallaro from Rice University. The 
committee recommended to recognize TCVLSI members who have exemplified strong service, research, and leadership 
within the organization through five distinct awards (more information is available at: 
https://www.computer.org/web/tcvlsi/tcvlsi-annual-awards). Call for nomination were widely publicized through 
newsletters and social media. Nominations which were included ‘CV’ and ‘1-page Statement of Contribution’ were 
received by the committee. The committee deliberated and awards made for selected categories.  For the year 2018 the 
following winners were selected who are to be honored at ISVLSI 2018 at Hong Kong: 
 
(1) IEEE-CS TCVLSI Mid-Career Research Achievement Award 

a. Dr. Sudeep Pasricha, Colorado State University, USA 
 
(2) IEEE-CS TCVLSI Distinguished Research Award 

a. Dr. Swarup Bhunia, University of Florida, USA 
 
(3) IEEE-CS TCVLSI Distinguished Leadership Award 

a. Dr. Saraju P. Mohanty, University of North Texas, USA 
 
Hearty Congratulations to the winners of 2018. We are hoping that the award process will continue by IEEE-CS-TCVLSI 
in future years. In addition, we hope that new awards categories that caters students such as Best Ph.D. Dissertation 
Awards will be initiated by TCVLSI. 
 

Students’ Travel and Best Paper Awards at TCVLSI Conferences 
 

IEEE-CS-TCVLSI announces several student travel awards and best paper awards at its various sponsored conferences. 
Interested students are suggested to contact general chairs of respective conferences. Following is the detailed information 
of the student travel grant awards: 
 

Quantity Conference Name Amount per Award 

4 ARITH 2018 $250.00 

4 ASAP 2018 $250.00 

4 ASYNC 2018 $250.00 

4 iSES 2018 $250.00 

4 ISVLSI 2018 $250.00 

2 IWLS 2018 $250.00 

2 SLIP 2018 $250.00 
 
In addition, one best paper award each of $150 for are announced for ARITH 2018, ASAP 2018, ASYNC 2018, ECMSM 
2017, iSES 2018, ISVLSI 2018, IWLS 2018, and SLIP 2018. 
* CALL FOR PAPERS * 
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The 14th ACM/IEEE Symposium on Architectures for Networking and Communications Systems 
 
ANCS 2018 
 
http://www.ancsconf.org 
 
ACM/IEEE ANCS, will be held July 23-24, 2017, at Ithaca, New York, USA, and is the premier forum for 
presenting and discussing original research that explores the relationship between the algorithms and 
architectures of data communication networks and the hardware and software elements from which these 
networks are built.  ANCS focuses on architectures for networking and communication in the broad sense, 
including novel architectures, architectural support for advanced communication, algorithms and protocols for 
advanced architectures, software and applications for next-generation networking architectures, co-design of 
computer and network systems, and methodology and benchmarking for evaluating advanced communication 
architectures. 
 
Topics of interest include, but are not limited to: 
 
* Wired and wireless network architectures (e.g., data center networks, WAN, 5G) 
* Networked-systems architectures 
* SDN/NFV architectures and systems 
* Converged architectures (network, compute, memory and storage) 
* Hardware/software co-design for networking, including arising issues 
* Reconfigurable and programmable architectures 
* Network security techniques, architectures, and devices 
* Network measurement techniques, tools, architectures, and devices 
* Accelerators, offload engines and Single-chip networking elements 
* Energy efficient designs 
 
The conference will put an emphasis on the applicability and feasibility of proposed solutions, and will 
prioritize implementation-led and measurement-based submissions. Authors are invited to include artifacts and 
data sets as part of their submission, and those would be looked favorably by the committee. 
 
* IMPORTANT DATES * 
 
Abstract submission: April 2, 2018 
Full paper submission: April 9, 2018 
Notification of acceptance: May 17, 2018 
 
* SUBMISSION INSTRUCTIONS * 
This year ANCS welcomes submissions of long and short papers. Long papers are the more traditional and 
complete form to present technical work, and should be no more than 12 pages (excluding references). Long 
papers may also be extended versions of previously-published short preliminary papers (such as workshop 
papers), as long as they are in accordance with published SIGCOMM policy 
(http://www.sigcomm.org/about/policies/frequently-asked-questions-faq/).  
Short papers are the preferred vehicle for contributions whose novelty and impact show the same technical 
excellence, and whose description fits within 6 pages (excluding references). Short papers will be reviewed with 
a more open mind towards criticizing the scope of evaluation or broadness of topics impacted than the long 
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papers. Note that position papers, critiques of networking research, and ideas that are not yet fully complete or 
evaluated are not a good fit for ANCS.  
Papers accompanied by nondisclosure agreement requests will not be considered nor ever disclosed. 
Submitted papers should be no more than 12 pages (excluding references) for long papers, and no more than 6 
pages (excluding references) for short papers. The papers should follow the 10pt template at: ACM Manuscript 
Templates for Conference Proceedings (Dec. 20, 2017:  
https://www.acm.org/publications/proceedings-template). All material on each page should fit within a 
rectangle of 18 × 23.5 cm (7" × 9.25"), centered on the page, beginning 1.9 cm (0.75") from the top of the page 
and ending with 2.54 cm (1") from the bottom. The right and left margins should be 1.9 cm (.75"). The text 
should be in two 8.45 cm (3.33") columns with a .83 cm (.33") gutter. 
 
* SUBMISSION WEBSITE * 
https://ancs18.hotcrp.com/  
 
 
* ORGANIZING COMMITTEE * 
General Chair 
Hakim Weatherspoon (Cornell University, USA) 
 
Program Chairs 
Theophilus Benson (Brown University, USA) Noa Zilberman (University of Cambridge, UK) 
 
Publicity Chair 
Claudio Fiandrino (IMDEA, ES) 
 
Posters Chair 
Zubair Shafiq (University of Iowa, USA) 
 
Events Chair 
Vanessa Maley (Cornell University, USA) 
 
Finance Chair 
Eric Keller (University of Colorado Boulder, USA) 
 
Web Chair 
Murali Ramanujam (University of Cambridge, UK) 
 
* SOCIAL MEDIA * 
 
Please follow us on our social networks: 
Facebook: https://www.facebook.com/ACM-IEEE-ANCS-358066741341831 
Twitter: https://twitter.com/ACM_IEEE_ANCS 
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IEEE ICCE 2019 CFP –DEADLINE: June 30, 2018 
 
37thIEEE INTERNATIONAL CONFERENCE ON CONSUMER ELECTRONICS (ICCE)  
January 11-13, 2019, Las Vegas, USA.  
http://www.icce.org/ 
 
The IEEE Consumer Electronics (CE) Society is soliciting technical papers for oral and poster presentations at their 37th 
annual flagship conference, IEEE International Conference on Consumer Electronics (ICCE) in Las Vegas. ICCE is the 
established forum for innovative research in all areas of consumer electronics and is co-located with the CTA’s 
International Consumer Electronics Show (CES). CES is world’s largest consumer electronics trade-conference. The 
theme of ICCE 2019 is “Smart Electronics: Paradigms for Secure and Green Solutions”. Topics consistent with this 
theme include all aspects of foundation technologies and robust architectures that support privacy, reliability, anti-
counterfeiting, authentication, content protection for consumer electronics devices, their networks, and the services 
connected to these devices. 
 
 
Paper contributions are sought in but are not limited to following areas: 
 
(1) Security and Privacy of CE Hardware and Software Systems (SPC) 
(2) Energy Management of CE Hardware and Software Systems (EMC)  
(3) Application-Specific CE for Smart Cities (SMC) 
(4) RF, Wireless, and Network Technologies (WNT) 
(5) Internet of Things and Internet of Everywhere (IoT) 
(6) Entertainment, Gaming, and Virtual and Augmented Reality (EGV) 
(7) Audio, Music and Video Systems, and Cameras and Acquisition (AVS) 
(8) Automotive CE Applications (CEA) 
(9) CE Sensors and MEMS (CSM) 
(10) Consumer Healthcare Systems (CHS) 
(11) Enabling and HCI Technologies (HCI) 
(12) Smartphone and Mobile Device Technologies (MDT) 
 
Authors are invited to submit original, unpublished manuscripts of 2- to 6-page length at 
https://edas.info/showConferenceDetails.php?c=23404. Previously published papers or papers under review for other 
conferences/journals should not be submitted for consideration. Authors may prepare original work of maximum 6 pages 
with a 200-word abstract using double-column IEEE conference-format template: 
http://www.ieee.org/conferences_events/conferences/publishing/templates.html.  
 
All accepted papers (including regular papers, special session papers) will be published in the ICCE 2019 Digest or 
Proceedings and submitted to IEEE Xplore. Instructions for authors and document templates are available on the 
conference website. A selected set of papers from ICCE 2019 program will be invited for submission to special issues of 
peer-reviewed journals (e.g., IEEE CE Magazine) based on reviewer’s feedback and quality of conference presentation.  
 
In addition to regular oral and poster sessions based on the above tracks, ICCE 2019 will have many special sessions on 
current hot topics related to CE. ICCE 2019 will also feature industry tracks as an integral part. The technical program 
committee invites proposals for special sessions, industry tracks, and expert panels. These proposals can be submitted 
at the EDAS link. 
 
Call for Special Session and Expert Panel Proposals: 
 
The organizing committee invites proposals for Special Sessions and Expert Panels on the current hot topics in CE areas. 
These proposals can be submitted at the EDAS link. The deadline is same as the regular submissions deadline. The 
Special Session and Expert Panel Proposals should follow these guidelines:  
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(1) Not exceed two pages.  
(2) Should describe the topic, the format and intended audience.  
(3) Must include the session title, the organizers, and a list of suggested participants with their biographical data and 

presentation topics. It is preferred to have three talks in each special session (maximum of three papers can be 
included in a session).  

(4) Sessions with two talks of 30 mins duration each as well as Sessions of 1hr tutorial/talk are also considered. 
(5) Submit online at EDAS choosing the following track:  

ST01: Special Session Proposals (SSP) 
ST02: Expert Panel Proposals (EPP) 

The Special Sessions can be either oral presentations or poster presentations. Speaker presenting the work at the special 
session needs to register at the conference, and has the opportunity to include a paper up to 6 pages (minimally a 1-page 
extended abstract required) in the proceedings. Papers will be reviewed and published in the conference proceedings. 
 
Call for Student Research Forum (SRF) Papers: 
 
ICCE 2019 will feature a student research forum (SRF) as an integral part. The ICCE 2019 organizing committee 
invites perspective authors to submit their original unpublished work of maximum 4 pages using IEEE double-column 
conference format-template. Manuscripts in PDF format should be submitted to the “Student Research Forum” track at the 
online submission link at EDAS choosing the following track:  

FT01: Student Research Forum (SRF).  
The submission deadline is the same as specified for the regular paper submissions. All the accepted student research 
forum papers after reviewing will be published in the conference proceedings. The mode of presentation of Student 
Research Forum (SRF) papers is “poster”. The primary/first author of the SRF papers needs to be a student. 
Author presenting the work at the Student Research Forum (SRF) needs to register at the conference, and has the 
opportunity to include a paper up to 4 pages (minimally a 2-page extended abstract required) in the proceedings. Papers 
will be reviewed and published in the conference proceedings. 
 
Important dates of ICCE 2019 are the following:  
 
Submission Deadline: June 30, 2018 
Acceptance Notification: September 05, 2018 
Submission of Final Version: September 25, 2018 
 
Special Session Tracks of ICCE 2019: 
 
ST01: Machine learning, Deep learning and AI in Consumer Electronics 
ST02: Smart Systems: Security-Power/Energy Tradeoff for Application Specific Processor Hardware 
ST03: Blockchain Technology for Consumer Electronics Devices 
ST04: Digital Experience in Consumer Electronics 
ST05: AR&VR Display Technology 
ST06: Human Interface Technologies for Automobile (AVA) 
ST07: Hardware-based Security in Cyber Physical Systems 
ST08: Deep Learning & Perception on Conventional and Emerging Platforms 
 
 
 
 
 
 

ICCE 2019 Executive Committee 
ICCE 2019 Conference Chair 
Anirban Sengupta (India) 
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ICCE 2019 Vice-Chair/ICCE 2018 Past Chair  
Saraju P. Mohanty (USA) 
  
Technical Program Chair ICCE 2019 
Dhireesha Kudithipudi (USA)  
 
Web Chair 
Daniel Díaz Sánchez (Spain) 
 
Industrial Liaison 
Thomas Coughlin (USA) 
Dennis Shapiro (USA) 
 
President, Consumer Electronics Soc. 
Sharon Peng 
 
VP of CE Conferences 
Stephen Dukes (USA) 
 
Treasurer/CEA Liaison 
Brian Markwalter (USA) 
 
Treasurer/Local Arrangement Chair/Special Session Chair 
Stuart Lipoff (USA) 
 
Marketing and Social Media Chair 
Lee Stogner (USA) 
 
Young Professionals Chair 
Shingo Yamaguchi 
 
International Advisors 
Francisco Bellido (Spain) 
Peter Corcoran (Ireland) 
Uwe E. Kraus (Germany) 
Tom G B Wilson (Canada) 
Reinhard Moeller (Germany) 
Aldo W. Morales (USA) 
Stefan Mozar (Australia) 
Simon Sherratt (United Kingdom) 
 
Conference Coordinator 
Charlotte Kobert, Pittsburgh, PA 
icce@ieee.org 
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CALL FOR PAPERS 

The Fourth annual IEEE International Smart Cities Conference (ISC2-2018) is the flagship conference sponsored by the IEEE Smart 

Cities Initiative. ISC2-2018 will bring together researchers and practitioners in a collaborative smart cities discussion, including 

scholars, citizens, policy makers, administrators, infrastructure operators, industry representatives, economists, sociologists and 

academicians. Technical exchanges within the research community will encompass panels, plenary talks, technical sessions, 

tutorials, and exhibitions. The conference theme is Systems Approach for Smarter Communities that address the complex interplay 

between our technology systems and our service delivery systems. 

The IEEE ISC2 will contribute to further develop technical best practices across broad application and functional domains within 

the context of urban infrastructure systems, and disseminate them to the broad stakeholders. 

 

The technical areas include, but are not limited to: 
Community & Governance 

● Citizen participation	

● Healthcare	

● Emergency management	

● Smart environment & ecosystems	

● Policy development	

● Mobility and transportation	

● Special needs	

● Digital city and smart growth	

● Sustainability	

● Energy efficiency	

Infrastructure & Technology 

● Smart grids for smart cities	

● Smart buildings	

● Transportation and traffic systems	

● Smart city theory, modeling, and simulation	

● Manufacturing and logistics	

● Vehicle-to-infrastructure integration	

● Intelligent infrastructure	

● Sensors & Intelligent Electronic Devices 

● Systems Integration 

● Management & Control Platforms	

● Energy systems	

Data, Privacy & Security 

● Computational intelligence	

● Open data and big data analytics	

● Internet of things (IoT)	

● Pattern recognition	

● Cybersecurity	

● Networks and communications	

● Security and regulations	

● Data collection	

● Data security and privacy	

● Data visualization	

● Intelligence & Data Analytics 
 

Prospective authors are encouraged to contribute high-quality original full or short papers to this conference.  All submitted 

papers must be unpublished and not considered elsewhere for publication. The papers should be written in English and formatted 

according to IEEE Template. Conference content will be submitted for inclusion into IEEE Xplore as well as other Abstracting and 

Indexing (A&I) databases.  

All submitted manuscripts will be peer-reviewed by at least 3 program committee members. Accepted papers with confirmed 

presentation will appear in the conference proceedings. The overall Best Paper and Best Student Paper Awards will be given and 

recognized during the conference.  
 

Recommendation of the Best Papers to Corresponding Journals  

Exceptional quality papers will be recommended several journals including IEEE Consumer Electronics Magazine, Springer Journal 

of Network and Systems Management for publication. Authors will be asked to extend and revise their papers according to the 

standards of journals, which will be subjected to the journals’ review process.  
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How to Submit 

Manuscripts in PDF format must be electronically submitted 

for peer-review at https://edas.info/newPaper.php?c=24558 in 

IEEE standard-format. Authors are encouraged to refer to the 

IEEE manuscript guidelines: 

http://www.ieee.org/conferences_events/conferences/ 

publishing/templates.html.  

For detailed submission instructions visit the conference 

website at http://sites.ieee.org/isc2-2018/.  

 

 

Important Dates 

Full-paper submission deadline May 4, 2018 

Workshop/Tutorial proposal submission 

deadline 
May 15, 2018 

Demo/Poster deadline June 1, 2018 

Notification of acceptance June 15, 2018 

Camera ready paper submission deadline July 15, 2018 
 

 

Organizing Committee 
 

General Co-Chairs:  

Aaron Deacon, KC Digital Drive, USA 

Baek-Young Choi, University of Missouri - Kansas City, USA 
 

Technical Program Co-Chairs: 

Victor M. Larios, University of Guadalajara, Mexico 

Andrea Molinari, University of Trento, Italy 

Xiaojun Wu, Jiangnan University, China 

  

 

Special Tracks Chair: 

Wei-Jen Lee, University of Texas at Arlington, USA 

Workshop Chairs: 

Amro M. Farid, Dartmouth University, USA 

Yu Chen, Binghamton University The State University of New York, 

USA 

Tutorial Chair: 

Gustavo Giannattasio, IEEE Smart Cities Steering Committee, Uruguay	
 

  

 
 



37	
	

VLSI Circuits and Systems Letter   Volume 4 – Issue 2  May 2018 
 

 

	



38	
	

VLSI Circuits and Systems Letter   Volume 4 – Issue 2  May 2018 
 

------------------------------------------------------------------------ 
IEEE/ACM International Symposium on Networks-on-Chip 2018 
 
http://www.nocs2018.conf.kth.se 
October 4 - 5, 2018, Torino, Italy (Co-located with Embedded Systems Week 2018) 
 
The International Symposium on Networks-on-Chip (NOCS) is the premier event dedicated to interdisciplinary research 
on on-chip, package-scale, and rack-scale communication technology, architecture, design methods, applications and 
systems. NOCS brings together scientists and engineers working on NoC innovations and applications from inter-related 
research communities, including discrete optimization and algorithms, computer architecture, networking, circuits and 
systems, packaging, embedded systems, and design automation. Topics of interest include, but are not limited to: 
 
## NoC Architecture and Implementation 
*Network architecture (topology, routing, arbitration) 
*Timing, synchronous/asynchronous communication 
*NoC reliability issues and solutions 
*Power and thermal issues at the NoC un-core and system-level 
*Network interface issues and solutions 
*Signaling and circuit design for NoC links and routers 
 
## NoC and Communication Analysis, Optimization, and Verification 
*NoC performance analysis and Quality of Service 
*Modeling, simulation, and synthesis of NoC 
*Verification, debug and test of NoC 
*NoC design and simulation methodologies and tools 
*Metrics, benchmarks, and experiences on NoC-based hardware 
*Communication efficient algorithms 
*Communication workload characterization and evaluation 
 
## Novel NoC Technologies 
*Optical, wireless, carbon nanotube, and other emerging technologies 
*NoCs for 3D and 2.5D packages 
*Package-specific NoC design 
*Network coding and compressed solutions for efficient terabyte NoC architecture 
*Approximate computing for NoC and NoC-based systems 
 
## NoC for Intelligent Physical Systems 
*Mapping of existing and emerging applications onto NoC 
*NoC case studies, application-specific NoC design 
*NoC for FPGAs, structured ASICs, CMPs and MPSoCs 
*NoC designs for heterogeneous systems, fused CPU-GPU and data-center-on-a-chip (DCoC) architectures 
*Scalable modeling of NoC 
*Machine learning for NoC and NoC-based Systems 
 
## NoC at the Un-Core and System-level 
*Design of memory subsystem (un-core) including memory controllers, caches, cache coherence protocols in NoC 
*In-memory/In-storage network and NoC for new memory/storage technologies 
*NoC support for memory and cache access 
*OS support for NoCs 
*Security issues and solutions in NoC architecture 
*Programming models including shared memory, message passing and novel programming models 
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*Issues related to large-scale systems (datacenters, supercomputers, edge and fog computing) with NoC-based systems as 
building blocks 
 
## Inter/Intra-Chip and Rack-Scale Network 
*Unified inter/intra-chip networks 
*Hybrid chip-scale and rack-scale networks 
*All aspects of inter-chip network design 
*All aspects of rack-level network design 
 
Electronic paper submission requires a full paper, up to 8 double-column IEEE format pages, including figures and 
references. The program committee in a double-blind review process will evaluate papers based on scientific merit, 
innovation, relevance, and presentation. Submitted papers must describe original work that has not been published before 
or is under review by another conference or journal at the same time. Each submission will be checked for any significant 
similarity to previously published works or for simultaneous submission to other archival venues, and such papers will be 
rejected. Proposals for special sessions and demos are invited. Paper submissions and demo proposals by industry 
researchers or engineers to share their experiences and perspectives are also welcome. A percentage of accepted papers 
will be recommended for publication in an IEEE journal (TBD) after revision according to the review comments. Please 
find the detailed submission instructions for paper submissions, special session, and demo proposals at the submission 
page. 
 
Important Dates (Anywhere on Earth) 
Abstract registration: April 24, 2018 
Full paper submission: May 1, 2018 
Notification of acceptance:         July 1, 2018 
Final version due: July 15, 2018 
 
General Chairs 
  Zhonghai Lu (KTH Royal Institute of Technology) 
  Sriram Vangal (Intel Corporation) 
Technical Program Chairs 
  Paul Bogdan (University of Southern California) 
  Jiang Xu (Hong Kong University of Science and Technology) 
Special Session/Tutorial Chairs 
  Maurizio Palesi (University of Catania) 
  Amlan Ganguly (Rochester Institute of Technology) 
Web Chair 
  Akram Ben Ahmed (Keio University) 
Publicity Chairs 
  Edoardo Fusella (University of Naples Federico II)  
  Tushar Krishna (Georgia Institute of Technology) 
  Chun-Yi Lee (National Tsing Hua University) 
Publication Chair 
  Vassos Soteriou (Cyprus University of Technology) 
Local Arrangements Chair 
  Mario Casu (Politecnico di Torino) 
Finance Chair 
  Turbo Majumder (Intel Corporation) 
Steering Committee Chair 
  Radu Marculescu (Carnegie Mellon University) 
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IEEE Consumer Electronics Magazine

Aim and Scope
• Consumer electronics magazine covers the areas or topics that are 

related to “consumer electronics”.
• Articles should be broadly scoped – typically review and tutorial 

articles are well fit for a magazine flavor. 
• Technical articles may be suitable but these should be of general 

interest to an engineering audience and of broader scope than 
archival technical papers.

• Topics of interest to consumer electronics: Video technology, 
Audio technology, W hite goods, Home care products, Mobile 
communications, Gaming, Air care products, Home medical 
devices, Fitness devices, Home automation and networking 
devices, Consumer solar technology, Home theater, Digital imaging, 
In-vehicle technology, W ireless technology, Cable and satellite 
technology, Home security, Domestic lighting, Human interface, 
Artificial intelligence, Home computing, Video Technology, 
Consumer storage technology. Studies or opinion pieces on the 
societal impacts of consumer electronics are also welcome.

Editorial Board
• Saraju P. Mohanty, University of North Texas, Editor‐in‐Chief (EiC)
• Peter Corcoran, National University of Ireland Galway, Emeritus EiC

• Katina Michael, University of Wollongong

• Pallab Chatterjee, Media & Entertainment Technologies

• Stu Lipoff, IP Action Partners LLC
• Anirban Sengupta, Indian Institute of Technology Indore
• Tom Coughlin, Coughlin Associates
• Stephen Dukes, Imaginary Universes LLC

• Helen (Hai) Li, Duke University

• Himanshu Thapliyal, University of Kentucky

• Soumya Kanti Datta, EURECOM Research Center

• Fabrizio Lamberti, Politecnico di Torino

• Tom Wilson,  Tandem Launch Inc., Montreal

• Robin Bradbeer,  Pearl Technologies Ltd, Hong Kong

• Konstantin Glasman, Saint Petersburg State Univ. of Film & TV

• Bernard Fong, Automotive Parts and Accessory Systems R&D Centre

• Animesh Kumar,  Indian Institute of Technology Bombay

• Vincent Wang, DTS Inc., Singapore Technology Center

• Euee S. Jang, Hanyang University

• Petronel Bigioi, FotoNation Ltd.

• Hyoungshick Kim, Sungkyunkwan University

• Jong‐Hyouk Lee, Sangmyung University

• Shiyan Hu, Michigan Technological University

• Theocharis Theocharides, University of Cyprus

• Niranjan Ray, KIIT University, Bhubaneswar

• Xavier Fernando, Ryerson University

• Bob Frankston, Frankston.com
• Sergio Saponara, University of Pisa

• Arslan Munir, Kansas State University

• Hitten Zaveri, Yale University

• Muhammad K. Khan, King Saud University

• Deepak Puthal, University of Technology Sydney

• Fatemeh Tehranipoor,  San Francisco State University

• Sudeep Pasricha, Colorado State University

• Shanq‐Jang Ruan, National Taiwan University of Science & 
Technology (NTUST)

• Santanu Mishra, Indian Institute of Technology Kanpur

• Bijaya K. Panigrahi, Indian Institute of Technology Delhi

• Madhavi Ganpathiraju, University of Pittsburgh

• Amit K. Mishra, University of Cape Town

• Dhruva Ghai, Oriental University

• Wahab Almuhtadi, Algonquin College

• Upasna Vishnoi, Marvell Semiconductor Inc.

• Sally Applin, University of Kent

• Yu Yuan, CATE Global Corporation

• Susanne Wende, Noerr LLP

• Joseph Wei, SJW Consulting Inc.

• Mike Borowczak, University of Wyoming

• Abdullah S. Almuttiri, Nokia Al‐Saudia, Riyadh

• Ezendu Ariwa, University of Bedfordshire

Submission Instructions
Submission should follow IEEE standard template and should 
consist of the following: 

I. A manuscript of maximum 6-page length: A pdf of the 
complete manuscript layout with figures, tables placed 
within the text, and 

II. Source files: Text should be provided separately from 
photos and graphics and may be in Word or LaTeX format. 

• High resolution original photos and graphics are required for 
the final submission. 

• The graphics may be provided in a PowerPoint slide deck, with 
one figure/graphic per slide.

• An IEEE copyright form will be required. The manuscripts need 
to be submitted online at the URL: 
http://mc.manuscriptcentral.com/cemag

More Information at:
http://cesoc.ieee.org/publications/
ce-magazine.html

The IEEE Consumer Electronics Magazine (CEM) is the flagship award-
winning magazine of the consumer electronics (CE) society of IEEE. From
2018, the magazine will be published on a bimonthly basis and features a
range of topical content on state-of-art consumer electronics systems,
services and devices, and associated technologies.

Have questions on submissions or ideas for special 
issues, contact EiC at: saraju.mohanty@unt.edu

The CEM won an Apex Grand Award for excellence in writing in 2013. The CEM is the winner in the
Regional 2016 STC Technical Communication Awards - Award of Excellence! The CEM is indexed in
Clarivate Analytics (formerly IP Science of Thomson Reuters). The impact factor of CE magazine is 1.153.
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2018 IEEE CONSUMER ELECTRONICS SOCIETY  
NEW MEMBER APPLICATION

These offers apply to full conference and full conference attendees during the conference  
only.

Free CE Society memberships are open to all current IEEE members. Membership  
periods end Dec 31 2018 and must be renewed by the member through IEEE.

Incomplete or illegible applications cannot be processed. Write legibly
Enter your name as you want it to appear on you membership card and IEEE  
correspondence.

Your Contact information

Male   Female  Date of Birth (DD/MM/YYYY) / / 

Title First/Given Name Middle Name Last/Family Surname

Home / Business

Street Address

City State/Province

Postal Code Country

Home Phone

Business

Title Years in Position Years in Profession

Street Address

City State/Province

Office Phone

Your Professional Experience
(circle your choices below)

I have graduated from a three-to-five-year academic program with a university-level degree.

This academic institution or program is accredited in the country where the institution is located.
Yes     No    Do not know

I have years of professional experience in teaching, creating, developing, practicing, or  
managing within the following field:

Engineering

Computer Sciences and Information Technologies

Physical Sciences

Biological and Medical Sciences

Mathematics

Technical Communications, Education, Management, Law and Policy  
Other (please specify): 

Are you or were you ever a member of the IEEE? Yes No  
If Yes, provide, if known:

Membership Number

Grade 

Year of Expiration if no longer a member

Select Your Membership

 Students, IEEE Members, Joining CE Society

IEEE Member, joining CE Society
Home Email

CREDIT CARD NUMBER:

I hereby apply for IEEE membership and agree to be governed by the IEEE Constitution, Bylaws  
and Code of Ethics. I understand that IEEE will communicate with me regarding my individual  
membership and all related benefits. Application must be signed.

Signature

For Office Use Below

Member Recruiter Name

IEEE Recruiter's Member Number
Email

Society Website: https://cesoc.ieee.org/

Benefits Include:
1) A nice color magazine

shipped to your door step
to update you on latest CE

2) Discount in conference
registration

3) Networking opportunity
with global peers

Membership Fee: $20
Student Membership Fee: $10

Online at: 
https://cesoc.ieee.org/membership.html
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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. 

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

activities related to VLSI. 

A. 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 

3) NewsLetter 
It’s free, 2‐3 Issues/Year 

bit.ly/vcal‐news 

1	

1) Starting a Conference? 
Get in touch &  
Let us know! 

2	

2) Looking for Co-
sponsorship? 
We want to hear from you! 

3	

Contact:	TCVLSI	CHAIR	|	saraJU.mohanty@unt.edu	 2018	

Technical Committee on VLSI (TCVLSI), IEEE‐CS 

http://www.ieee‐tcvlsi.org  

C. Key People  

D. (Executive Committee) 
Chair 
Saraju P. Mohanty, University of North Texas, USA 
Vice Chair for Conferences – 
Jia Di, University of Arkansas, USA 
EiCs of IEEE VCAL (Official Journal of TC‐VLSI)–  
Saraju P. Mohanty, University of North Texas, USA 
Anirban Sengupta, Indian Institute of Technology Indore 

Treasurer –  
Hai (Helen) Li, Duke University, USA 
Vice Chair for Membership –  
Dhruva Ghai, Oriental University Indore, India 
Vice Chair for Liaison –  
Nagi Naganathan, Avago Technologies, USA 
Vice Chair Outreach and Webmaster – 
Mike Borowczak, University of Wyoming, USA 

Past Chair –  
Joseph Cavallaro, Rice University, USA 

B. TCVLSI Sister Conferences  

Sponsored 

ARITH: www.arithsymposium.org 

ASAP: http://www.asapconference.org/ 

ASYNC: http://asyncsymposium.org/ 

iSES: http://www.ieee‐inis.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 
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IEEE Computer Society Technical Committee on VLSI 
(A Quarterly Publication of IEEE-CS TC on VLSI, TCVLSI) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Editor-in-Chiefs (EiCs): 
Saraju P. Mohanty, University of North Texas, USA, 
saraju.mohanty@unt.edu 

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: 
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/circuits-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 
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Post-Conference Report 
of the TCVLSI Sponsored Conferences 

from Jan 2018 to Apr 2018 

 

Sponsored Conferences:  

No. 
 
 

Technically Co-Sponsored Conferences: 

1. International Conference on VLSI Design (VLSID), January 6-10, 2018, Pune, Maharashtra, India: 
The tracks of VLSID 2018 cover the following areas: Analog/RF design, power management, FPGA, high 
performance design, security, test, devices and emerging technologies, embedded system, oscillators, design 
automation and verification, reliability and SRAMs, VLSI architecture, regulators, fault tolerance, verification and 
validation, memory, etc. 
 
It host 11 tutorials, i.e., (1) “Embedded systems: assistive technology for visually impaired: embedded & vision 
solutions” given by M. Balakrishnan and Chetan Arora from IIT Delhi, (2) “FinFETs and beyond: emerging 
computational devices, architectures and computational models” given by Vijaykrishnan Narayanan from Penn State 
University, Arijit Raychowdhury from Georgia Institute of Technology and Sumeet Kumar Gupta from Pennsylvania 
State University/Purdue University, (3) “Analog and mixed signal: high-speed serial links: architectures and circuits 
for clock and data recovery (CDR)” given by Saurabh Saxena and Nagendra Krishnapura from IIT Madras, (4) “Safe 
autonomous systems: real-time error detection and correction in safety-critical signal processing and control 
algorithms” given by Jacob Abraham from the University of Texas, Austin, TX and Abhijit Chatterjee from Georgia 
Institute of Technology, (5) “Security and verification: hardware intellectual property (IP) security and trust: 
challenges and solutions” given by Prabhat Mishra from University of Florida, Gainesville, Florida, USA and Rajat 
Subhra Chakraborty from IIT Kharagpur, (6) “Emerging technologies: beyond von-neumann computing: devices, 
circuits, and applications” given by Kaushik Roy from Purdue University, (7) “Secure SSD controllers for cloud: 
designing reliable and secure SSD controllers for cloud storage” given by Erich F. Haratsch from Seagate 
Technology, (8) “IoT security: privacy assurances in the internet of things (IoT) world” given by Parameswaran 
Ramanathan from University of Wisconsin, (9) “IC verification & validation: pre-silicon verification and post-silicon 
validation: dramatic improvements through disruptive innovations” given by Subhasish Mitra, Srinivas Shashank 
Nuthakki and Eshan Singh from Stanford University, (10) “Silicon photonics: silicon nanophotonics for future 
manycore chips: opportunities and challenges” given by Sudeep Pasricha from Colorado State University, and (11) 
“Automotive battery management solutions: automotive battery management solutions” given by Philippe 
Perruchoud from NXP.  
 
It invited 9 keynote talks, i.e., (1) “Security challenges & opportunities for growing data” given by Mark. E. Re, the 
Chief Technology Officer of Seagate, (2) “Smart and secure systems in a connected world” given by Sachidanand 
Varadarajan, the Engineering Vice President of Qualcomm, (3) “Power density and reliability in embedded on-chip 
systems” given by Joerg Henkel from Karlsruhe Institute of Technology (KIT), Germany, (4) “Increasing demands to 
move, store and process the world’s data” given by Tim Donovan, the Vice President of Marvell, (5) “Robotics and 
automation technology to drive future agricultural systems productivity” given by John F Reid, the Director of 
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Product Technology and Innovation, John Deere, (6) “Digital microfluidic biochips: from manipulating droplets to 
quantitative gene-expression analysis” given by Krishnendu Chakrabarty, (7) “Artificial intelligence and the virtuous 
cycle of compute” given by Pradeep Dubey, the Intel Fellow, (8) “Safety begins with trust” given by Ruchir Dixit 
from Mentor Graphics India and (9) “Brain research, the internet of things, and new engineering ethics” given by 
Louis Scheffer. 
 
VLSID 2018 also organized 4 panels, i.e., (1) “Automotive hardware and software innovations - leveraging make in 
India for global markets”, (2) “Trusting the data and the things”, (3) “Trends and challenges in semiconductor 
industry” and (4) “The law of start-up landscape”. 
 
The steering committee chair of VLSID 2018 was Vishwani Agrawal from Auburn University and the general chair 
was Niranjan A. Pol from Seagate Technology HDD (India) Pvt. Ltd. 
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Funding	Opportunities 

Title	 Program	Guidelines		 soDue	Dates	 

Future of Work at the Human -
Technology Frontier: Advancing 
Cognitive and Physical Capabilities (FW-
HTF)   

18-548 Letter of Intent:April 16, 2018 

Cultivating Cultures for Ethical STEM 
(CCE STEM) 

18-532 Full Proposal:April 17, 2018 

Integrative Strategies for Understanding 
Neural and Cognitive Systems (NCS)   

18-533 Supplement:April 17, 2018 
Full Proposal:April 17, 2018 

Cyberinfrastructure for Sustained 
Scientific Innovation (CSSI) - Data and 
Software: 

18-531 Full Proposal:April 18, 2018 

Industry-University Cooperative 
Research Centers Program (IUCRC)  

17-516 Preliminary Proposal:April 18, 2018 

Expeditions in Computing 16-535 Preliminary Proposal:April 25, 2018 

Expeditions in Computing 18-528 Preliminary Proposal:April 25, 2018 

US-EU Internet Core & Edge 
Technologies (ICE-T) 

18-535 Full Proposal:May 7, 2018 

Formal Methods in the Field (FMitF) 18-536 Full Proposal:May 8, 2018 

Computer Science for All (CSforAll:RPP) 18-537 Full Proposal:May 9, 2018 

Cyber-Physical Systems (CPS)   18-538 Full Proposal:May 9, 2018 

Critical Techniques, Technologies and 
Methodologies for Advancing 
Foundations and Applications of Big Data 
Sciences and Engineering (BIGDATA) 

18-539 Full Proposal:May 14, 2018 

NSF/VMware Partnership on Edge 
Computing Data Infrastructure (ECDI) 

18-540 Full Proposal:May 22, 2018 

Smart and Connected Health (SCH) 18-541 Full Proposal:May 22, 2018 
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Funding	Opportunities 

Title	 Program	Guidelines		 soDue	Dates	 

Partnerships between Science and 
Engineering Fields and the NSF 
TRIPODS Institutes   

18-542 Full Proposal:May 29, 2018 

Cybersecurity Innovation for 
Cyberinfrastructure (CICI) 

18-547 Full Proposal:June 4, 2018 

Future of Work at the Human -
Technology Frontier: Advancing 
Cognitive and Physical Capabilities (FW-
HTF)   

18-548 Full Proposal:June 4, 2018 

Industry-University Cooperative 
Research Centers Program (IUCRC)  

17-516 Full Proposal:June 20, 2018 

Faculty Early Career Development 
Program (CAREER)   

17-537 Full Proposal:July 18, 2018 
Full Proposal:July 19, 2018 
Full Proposal:July 20, 2018 

Historically Black Colleges and 
Universities Undergraduate Program 
(HBCU-UP) 

18-522 Letter of Intent:July 24, 2018 

Computer and Information Science and 
Engineering (CISE) Research Initiation 
Initiative (CRII) 

18-554 Full Proposal:August 8, 2018 

Computational and Data-Enabled 
Science and Engineering (CDS&E) 

 Full Proposal:August 31, 2018 

Historically Black Colleges and 
Universities Undergraduate Program 
(HBCU-UP) 

18-522 Letter of Intent:September 4, 2018 

International Research Experiences for 
Students (IRES)   

18-505 Full Proposal:September 11, 2018 

Computational and Data-Enabled 
Science and Engineering (CDS&E) 

 Full Proposal:September 17, 2018 

Computational and Data-Enabled 
Science and Engineering in 
Mathematical and Statistical Sciences 

 Full Proposal:September 17, 2018 
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Funding	Opportunities 

Title	 Program	Guidelines		 soDue	Dates	 

(CDS&E-MSS) 

Documenting Endangered Languages 
(DEL) 

16-576 Full Proposal:September 17, 2018 

International Research Experiences for 
Students (IRES)   

18-505 Full Proposal:September 18, 2018 

Research Experiences for Teachers 
(RET) in Engineering and Computer 
Science 

17-575 Full Proposal:September 19, 2018 

International Research Experiences for 
Students (IRES)   

18-505 Full Proposal:September 25, 2018 

Innovations at the Nexus of Food, 
Energy and Water Systems (INFEWS)   

18-545 Full Proposal:September 26, 2018 

Innovations in Graduate Education (IGE) 
Program   

17-585 Full Proposal:September 27, 2018 

Computational and Data-Enabled 
Science and Engineering (CDS&E) 

 Full Proposal:October 1, 2018 

Historically Black Colleges and 
Universities Undergraduate Program 
(HBCU-UP) 

18-522 Full Proposal:October 2, 2018 

Computational and Data-Enabled 
Science and Engineering (CDS&E) 

 Full Proposal:October 15, 2018 

Industry-University Cooperative 
Research Centers Program (IUCRC)e 

17-516 Preliminary Proposal:October 17, 
2018 

Graduate Research Fellowship Program 
(GRFP)   

16-588 Full Proposal:October 22, 2018 
Full Proposal:October 23, 2018 
Full Proposal:October 25, 2018 
Full Proposal:October 26, 2018 

Computational and Data-Enabled 
Science and Engineering (CDS&E) 

 Full Proposal:October 31, 2018 
Full Proposal:November 1, 2018 
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Funding	Opportunities 

Title	 Program	Guidelines		 soDue	Dates	 

CISE Research Infrastructure (CRI) 17-581 Preliminary Proposal:November 7, 
2018 

Computational and Data-Enabled 
Science and Engineering (CDS&E) 

 Full Proposal:November 15, 2018 

Collaborative Research in Computational 
Neuroscience (CRCNS) 

18-501 Full Proposal:November 27, 2018 

Historically Black Colleges and 
Universities Undergraduate Program 
(HBCU-UP) 

18-522 Full Proposal:November 27, 2018 

Computational and Data-Enabled 
Science and Engineering (CDS&E) 

 Full Proposal:December 6, 2018 

National Science Foundation Research 
Traineeship (NRT) Program  

18-507 Letter of Intent:December 6, 2018 

Integrative Strategies for Understanding 
Neural and Cognitive Systems (NCS)   

18-533 Letter of Intent:December 7, 2018 

Smart and Connected Health (SCH) 18-541 Full Proposal:December 11, 2018 

ADVANCE: Increasing the Participation 
and Advancement of Women in 
Academic Science and Engineering 
Careers   

16-594 Letter of Intent:December 12, 2018 

Industry-University Cooperative 
Research Centers Program (IUCRC)  

17-516 Full Proposal:December 19, 2018 

Integrative Strategies for Understanding 
Neural and Cognitive Systems (NCS)   

18-533 Letter of Intent:January 8, 2019 

ADVANCE: Increasing the Participation 
and Advancement of Women in 
Academic Science and Engineering 
Careers   

16-594 Full Proposal:January 9, 2019 

CISE Research Infrastructure (CRI) 17-581 Full Proposal:January 10, 2019 
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Funding	Opportunities 

Title	 Program	Guidelines		 soDue	Dates	 

Cyberlearning for Work at the Human-
Technology Frontier 

17-598 Full Proposal:January 14, 2019 

Expeditions in Computing 16-535 Full Proposal:January 16, 2019 

Expeditions in Computing 18-528 Full Proposal:January 16, 2019 

Major Research Instrumentation 
Program: (MRI)   

18-513 Full Proposal:January 22, 2019 

Training-based Workforce Development 
for Advanced Cyberinfrastructure 
(CyberTraining) 

18-516 Full Proposal:January 25, 2019 

National Robotics Initiative 2.0: 
Ubiquitous Collaborative Robots (NRI-
2.0) 

18-518 Full Proposal:February 5, 2019 

National Science Foundation Research 
Traineeship (NRT) Program  

18-507 Full Proposal:February 6, 2019 

Computer Science for All (CSforAll:RPP) 18-537 Full Proposal:February 12, 2019 

Innovation Corps (I-Corps TM) - National 
Innovation Network Nodes Program (I-
Corps™ Nodes) 

17-533 Letter of Intent:February 14, 2019 

Innovation Corps- National Innovation 
Network Sites Program (I-Corps Sites) wide 

16-547 Full Proposal:February 14, 2019 

Cultivating Cultures for Ethical STEM 
(CCE STEM) 

18-532 Full Proposal:February 22, 2019 

Integrative Strategies for Understanding 
Neural and Cognitive Systems (NCS)   

18-533 Supplement:February 26, 2019 
Full Proposal:February 26, 2019 

Innovation Corps (I-Corps TM) - National 
Innovation Network Nodes Program (I-
Corps™ Nodes) 

17-533 Full Proposal:March 12, 2019 

Historically Black Colleges and 
Universities Undergraduate Program 

18-522 Preliminary Proposal:March 19, 2019 
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Funding	Opportunities 

Title	 Program	Guidelines		 soDue	Dates	 

(HBCU-UP) 

Inclusion across the Nation of 
Communities of Learners of 
Underrepresented Discoverers in 
Engineering and Science (NSF 
INCLUDES) (NSF INCLUDES)   

18-529 Full Proposal:April 2, 2019 

Cyberinfrastructure for Emerging Science 
and Engineering Research (CESER) 

 Full Proposal:Accepted Anytime 

Experimental Program to Stimulate 
Competitive Research: Workshop 
Opportunities (EPS-WO) (EPS-WO)   

12-588 Full Proposal:Accepted Anytime 

Facilitating Research at Primarily 
Undergraduate Institutions:   

14-579 Full Proposal:Accepted Anytime 

Innovation Corps - National Innovation 
Network Teams Program (I-CorpsTM 
Teams)   

18-515 Full Proposal:Accepted Anytime 

NSF/FDA SCHOLAR-IN-RESIDENCE 
AT FDA 

10-533 Full Proposal:Accepted Anytime 

Research Coordination Networks   17-594 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/ 
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Upcoming Conferences/Workshops 

 

 IEEE International Symposium on Circuits and Systems (ISCAS), Florence, Italy, May 27-30, 2018; web: 

http://www.iscas2018.org/  

 IEEE European Test Symposium (ETS), Bremen, Germany, May 28 - June 1, 2018; web: 

http://www.informatik.uni-bremen.de/ets18/  

 IEEE International Symposium on Industrial Embedded Systems (SIES), Graz, Austria, June 6-8, 2018; web: 

http://sies2018.tugraz.at/cms/  

 Symposia on VLSI Technology and Circuits (VLSI), Honolulu, HI, USA, June 18-22, 2018; web: 

http://vlsisymposium.org  

 ACM/IEEE Design Automation Conference (DAC), San Francisco, CA, USA, June 24-28, 2018; web: 

https://dac.com/  

 International Forum on MPSoC for Software-Defined Hardware (MPSoC), Snowbird, UT, USA, July 29 - 

August 3, 2018; web: http://www.mpsoc-forum.org/  

 European Solid-State Device Research Conference (ESSDERC), Dresden, Germany, September 3-6, 2018; web: 

https://www.esscirc-essderc2018.org   

 IEEE Radio Frequency Integrated Circuits Symposium (RFIC), Philadelphia, PA, USA, June 10-12, 2018; web: 

https://rfic-ieee.org  

 Embedded Systems Week (ESWEEK), Torino, Italy, September 30 - October 5, 2018; web: 

https://www.esweek.org/  

 IEEE International Conference on Computer Design (ICCD), Orlando, FL, USA, October 7-10, 2018; web: 

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

 IFIP/IEEE International Conference on Very Large Scale Integration (VLSI-SoC), Verona, Italy, October 8-10, 

2018; web: http://vlsi-soc.di.univr.it 

 IEEE/ACM Annual International Symposium on Microarchitecture (MICRO), Fukuoka City, Japan, October 20-

24, 2018; web: https://www.microarch.org/micro51/ 

 IEEE Asia Pacific Conference on Circuits and Systems (APCCAS), Chengdu, China, October 26-30, 2018; web: 

http://apccas.com/  

 IEEE Asian Solid-State Circuits Conference (A-SSCC), Tainan, Taiwan, November 5-7, 2018; web: 

http://www.a-sscc2018.org/  

 ACM/IEEE International Conference On Computer Aided Design (ICCAD), San Diego, CA, USA, November 

5-9, 2018; web: https://iccad.com/  
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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. It also features student fellowship information as well a 
“Puzzle” section for our readership. 

We are soliciting contributions to all these four sections. Please directly contact the editors and/or associate editors by 
email to submit your contributions. 

Submission Deadline: 
All contributions must be submitted by July 1, 2018 in order to be included in the August issue of the letter. 

Editor-in-Chief: 
 Saraju Mohanty, University of North Texas, USA, saraju.mohanty@unt.edu 
 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: 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  
 Features: Theocharis Theocharides, University of Cyprus, ttheocharides@ucy.ac.cy 
 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: Himanshu Thapliyal, University of Kentucky, USA, hthapliyal@uky.edu (call for papers and proposals, 

job openings and Ph.D. fellowships) 
 Outreach and Community: Mike Borowczak, University of Wyoming, USA, mike.borowczak@uwyo.edu  
 Outreach and Community: James Stine, Oklahoma State University, USA,  james.stine@okstate.edu 

 
Emeritus Editor-in-Chief: 
 Xin Li, Duke University, USA, xinli.ece@duke.edu 
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