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Abstract: This paper presents a novel design methodology for ultralow 

power design (in bulk and double-gate SOI technology) using sub-

threshold leakage as the operating current (suitable for medium 

frequency of operation: tens to hundreds of MHz). It has been shown 

that a complete co-design at all levels of hierarchy (device, circuit and 

architecture) is necessary to reduce the overall power consumption.  

Simulation results of co-design on a five-tap FIR filter shows ~2.5x (for 

bulk) and ~3.8x (for SOI) improvement in throughput at iso-power 

compared to a conventional design. It has been further demonstrated 

that the double-gate SOI technology is better suited for sub-threshold 

operation. 
 

I. Introduction: 

In digital VLSI system design space, considerable attention 

has been given to the design of high performance and high 

power microprocessors. However, in recent years, the 

demand for power sensitive designs has grown 

significantly. This tremendous demand has mainly been 

due to the fast growth of battery-operated portable 

applications such as personal digital assistants, cellular 

phones, wireless receivers and other portable 

communication devices. Well known methods of low-

power design (such as voltage scaling, switching activity 

reduction, architectural techniques of pipelining and 

parallelism, and CAD techniques of device sizing, 

interconnect and logic optimization) may not be sufficient 

in many applications such as portable computing gadgets, 

medical electronics, etc., where ultralow power 

consumption with medium frequency of operation (tens to 

hundreds of MHz) is the primary requirement. To cope 

with this, several novel design techniques have been 

proposed. Energy recovery or adiabatic techniques promise 

to reduce power in computation by orders of magnitude. 

But it involves use of high quality inductors which makes 

integration difficult [1]. More recently, design of digital 

sub-threshold logic was investigated with transistors 

operated in the sub-threshold region (supply voltage (Vdd, 

corresponding to Logic 1) less than the threshold voltage 

(Vth) of the transistor) [2]. In such a technique the sub-

threshold leakage current of the device is used for 

necessary computation. This rresults in high 

transconductance gain of the devices (thereby providing 

near ideal voltage transfer characteristics of the logic 

gates) and reduced gate input capacitance. Its impact on 

system design is an exponential reduction of power at the 

cost of reduced performance. 

If performance is not the key, then the obvious doubt is 

whether scaling (vertical as well as lateral) is necessary for 

sub-threshold logic. Fig. 1a illustrates the power 

consumption at iso-delay conditions for a three-stage ring 

oscillator. It can be noted that scaling inherits the virtues of 

reduced capacitance per transistor and better gate control 

(due to reduced gate oxide). Hence, even sub-threshold 

operation largely reaps the benefits of device scaling. 

In this new paradigm of computation with leakage, 

unfortunately, conventional wisdom can deliver low power 

systems but fails to provide the optimal or near optimal 

solution. For sub-threshold operation, the lowest power for 

a given throughput can be achieved only by a complete co-

design in all the aspects of device, circuit and architecture 

design. 

Fig. 1b illustrates the power vs. throughput of a 

conventional FIR filter (a typical signal processing 

application). On one hand we have the high performance 

and high power regime. As the Vdd is scaled, both the 

throughput and power reduces till we reach the sub-

threshold domain of operation. In this paper, we will 

endeavor to improve the throughput of this system at iso-

power in the sub-threshold region by 

device/circuit/architectural techniques. We have applied 

this technique to both bulk as well double-gate SOI 

technology. This paper investigates the modeling and 

optimization of digital sub-threshold logic units from the 

aspects of devices, circuits as well as architecture to 

provide ultralow-power digital operation suitable for the 

medium frequency range (tens to hundred MHz) of 

application. Hence, we provide a complete methodology to 

digital sub-threshold design to achieve minimum power 

consumption. 

II. Device considerations for sub-threshold operations: 

In all the previous work, standard transistors were operated 

in the sub-threshold region to implement sub-threshold 

logic. Standard transistors are the “super-threshold 

transistors” that are used for ultra high performance design. 
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Fig. 1: (a) Power at iso-performance of a three stage ring oscillator (with 

bulk Si devices) at different nodes of technology. All the oscillators are 

running in sub-threshold. (b) The power-throughput trade-off of a five-

tap FIR filter. The corresponding Vdds are shown. This work was supported in part by Gigascale System Research 

Center (MARCO) and DARPA. 



It is only prudent to investigate if the standard transistors 

are well suited for sub-threshold operation. In the next two 

sections we will briefly mention the device level 

optimizations that can be performed both in bulk and DG-

SOI technologies for improved sub-threshold operation. 

Fig. 2 shows the schematic diagram of the bulk and the 

DG-SOI transistors. 

Bulk Technology 

In [3], it has been shown that device optimization for sub-

threshold operation can improve the power-delay product. 

Although the details would be omitted in this paper, the 

salient features will be mentioned here for the sake of 

completeness.  

It is an established fact that for scaled super-threshold 

transistors it is essential to have halo and retrograde doping 

to suppress the short channel effects. The main functions of 

halo doping and retrograde wells are to reduce drain 

induced barrier lowering (DIBL), prevent body punch-

through and control the threshold voltage of the device 

independent of its sub-threshold slope. However, in sub-

threshold operation, it is worthwhile to note that the overall 

supply bias is small (in the order of 150mV~400mV). 

Consequently, the effects of DIBL and body punch-

through are extremely low. Further, as long as we have a 

fixed IOFF, the better the sub-threshold slope (S) is, the 

better will be the device. Since our interest is in the region 

below the threshold voltage, it is not of any interest to us, 

what the threshold voltage of the device is, as long as we 

meet a predefined IOFF  and S. Hence, it can be qualitatively 

argued that the halo and retrograde dopings are not 

essential for sub- threshold device design [3]. The absence 

of the halo and retrograde doping has the following 

implications: 

• A simplified process technology in terms of process 

steps and cost. 

• A significant reduction of the junction capacitances 

resulting in decrease switching speed and energy.  

It should however, be noted that the doping profile in the 

optimized devices should have a high-to-low doping 

profile. It is necessary to have a low doping level in the 

bulk of the device to: 

• Reduce the capacitance of the bottom junction. 

• Reduce substrate noise effects and parasitic latch-up 

problems. 

The device under consideration has an effective channel 

length of 50nm and an oxide thickness of 2nm. With a high 

to low doping profile, a channel doping concentration of 

3.8×10
18

 cm
-3

 gives an OFF-current of 1nA/µm (the same as 

the standard device). Further, the sub-threshold slope of this 

optimized device (~83mV/decade) is better than that of the 

standard device (~90mV/decade). The junction capacitance 

of the optimized device is lower than the standard device 

because of lower over-all junction doping and the removal 

of halo doping. In comparison to CJ=4.9×10
-16

F/µm
 
for the 

standard device, the junction capacitance (by analytical 

model, and verified using MEDICI simulations) is 

CJ=3.2×10
-16

 F/µm for the optimized device. Hence, the 

junction capacitance decreases by approximately 35%. 

Consequently, we get significant improvement in the power-

delay-product (PDP) of circuits built with the optimized 

devices as compared to the standard devices. Fig. 4a 

illustrates how the PDP of an inverter driving an identical 

inverter can be reduced by using the optimized devices.  

DG-SOI Technology 

Double Gate MOS (DGMOS) transistors are suitable for 

sub-threshold operation due to their near ideal sub-threshold 

slope and negligible junction capacitance [7]. Due to the 

thin fully depleted silicon body sandwiched between two 

gates, these devices have an excellent gate control over the 

channel. Furthermore, the undoped thin silicon body 

provides negligible source/drain p-n junction capacitance, 

which largely enhances the circuit performance. In sub-

threshold operation, the intrinsic capacitance of DGMOS is 

also negligible and is very weakly dependent on the channel 

length [7]. Fig. 3(a) shows different capacitive components 

of a DGNMOS transistor. These components can be 

categorized in two groups; (1) intrinsic and (2) extrinsic or 

parasitic. The parasitic part includes gate to source/drain 

overlap (Cdo) and fringe (Cif and Cof) capacitances. The 

intrinsic part includes front and the back gate oxide 

capacitances (Cox,f and Cox,b) and the silicon body 

capacitance (Csi). Csi can further be divided into two 

components. Consider the small signal intrinsic capacitance 

equivalent circuit shown in Fig. 3(b). Csi,dep is the device 

depletion capacitance and Csi,invf and Csi,invb are the inversion 

capacitances in the front and back channels respectively. In 

the sub-threshold region the effective intrinsic capacitance 

can be approximated as Ceff,int = (1/Cof + 1/Csi + 1/Cob
)-1

, 

since the inversion capacitances (Cif and Cib) are negligible. 

Further, since the front and back gates of a double gate fully 

depleted MOSFET are tied together, with a negligible 

 
(a)    (b) 

Fig. 3. (a) Schematic diagram of a DGNMOS transistor showing all the 

capacitive components (b) small signal equivalent circuit of the intrinsic 

device. 

 
(a)                           (b) 

Fig. 2. Schematic diagram of a (a) bulk and (b) DG-SOI transistor. 



inversion charge the energy band in the body changes with 

gate voltage (δΨsf ≈ δΨsf ≈ δVg). Ψs is the surface potential. 

This results in very small intrinsic capacitance as well as 

near ideal sub-threshold slope (S = Sideal (δVg/δΨs)). Since 

the operating current of the sub-threshold device is the 

largest when sub-threshold slope is ideal, DGMOS devices 

are ideal for sub-threshold operation.  

 It is further shown in [7] that the optimum channel length 

for the maximum performance of DGMOSFET sub-

threshold logic should be longer than the minimum channel 

length of a technology. Since the intrinsic gate capacitance 

is negligible in DGMOS the effective gate capacitance is 

almost constant regardless of the channel length. Hence, 

the dependence of delay on the channel length is mainly 

decided by the ON-current. Since, a larger channel length 

device provides better sub-threshold slope (due to less 

short channel effect), it will also have large ON-current. 

Considering this fact, we optimized the DGMOS device 

structure for sub-threshold operation. We started with a 

50nm channel length device (similar to bulk case) and 

optimized it for maximum ON-current. To minimize the 

overlap parasitic capacitances, we choose only zero 

overlap devices for our analysis. For this device the front 

and back gate oxide thickness were 3nm and the silicon 

body thickness was 10nm. We then increase the channel 

length and found the optimum length as 100nm for 

maximum ON-current. 

 At this point it will be worth comparing the bulk devices 

and the DG-SOI devices in the sub-threshold regime. For 

iso-IOFF conditions, Table I presents a comparison of the 

ION (@ Vdd=200mV) for the standard and optimized bulk 

and DG-SOI devices. It can be noted that due to near ideal 

sub-threshold slope, the DG-SOI devices have almost an 

order of magnitude higher ON-current compared to the 

bulk devices. Fig. 4 illustrates the PDP of the bulk inverter 

and the SOI inverter (driving another inverter) operating in 

sub-threshold regime. Note that the DG-SOI inverter has 

almost one order of magnitude lower PDP that the 

corresponding bulk device. This can be ascribed to the fact 

that the intrinsic capacitance of DG-SOI is negligibly small 

and hence the switching energy is extremely low. This 

makes the DG-SOI an extremely powerful technology to 

do sub-threshold design. In reality however, the 

interconnect capacitance will play a major role and will 

increase the PDP. This will be considered in our 

simulations in the next section where we will discuss the 

circuit design aspects of sub-threshold logic. 

 III. Circuit Design Considerations: 

In this section we will seek further improvement in PDP 

by proper choice of circuit style in sub-threshold domain. 

We will first establish the superiority of pseudo NMOS 

logic over conventional CMOS logic in sub-threshold 

region (Section 3A) and propose analytical models for 

computing gate-level delay and power (Section 3B and 3C). 

A. Sub-Pseudo NMOS Logic 

Pseudo-NMOS logic is faster than static CMOS due to 

smaller load capacitance and shorter interconnects in both 

bulk and SOI technology. However, in order to utilize 

pseudo-NMOS logic, the drawbacks of ratio-ed logic such 

as large static current consumption and degradation in 

static noise margin should be carefully taken into account. 

Pseudo-NMOS logic in the sub-threshold region (Sub-

pseudo-NMOS) inherits the advantages it has in the strong 

inversion such as higher performance and smaller area. In 

addition to this, the drawbacks of ratio-ed logic are 

relieved in the sub-threshold region [5]. This is mainly 

because in the sub-threshold region, the drain current 

saturates and becomes independent of Vds for Vds > ~3kT/q 

(78mV at 300 K). Note that a transistor in strong inversion 

region (super-threshold) only enters the saturation region 

when Vds > Vgs - Vth, which gives a much narrower 

saturation region, and thus, an undesirable voltage transfer 

characteristic (VTC). However, the output voltage of 

pseudo-NMOS in sub-threshold region swings for almost 

rail-to-rail, and thus provides a high noise margin.  

Sub-pseudo NMOS is also more efficient than sub-CMOS 

in terms of PDP. This is true in both the bulk and the DG-

SOI technologies. Simulation results (for both the 

technologies) of a pseudo NMOS inverter (driving an 

identical inverter) and a CMOS inverter are compared in 

Fig. 5. We observe that in the bulk sub-threshold region, 

pseudo-NMOS gives approximately 20% improvement in 

PDP compared to CMOS. In DG-SOI the improvement is 

more than 30%. The reason behind the lower PDP in sub-

 
(a)     (b) 

Fig. 4: The power-delay product (PDP) of an inverter (driving an identical 

inverter) with standard and redesigned optimized devices (a) bulk 

technology (b) SOI technology 

Table I:  ION  [A/m] (@ Vdd=200mV)  

at iso-IOFF of 1nA/um 

Device Bulk DG-SOI 

Standard 0.101 1.29 

Optimized 0.162 1.93 

 
(a)   (b) 

Fig. 5: The PDP of an inverter driving an identical inverter in CMOS 

and Sub Pseudo-NMOS logic styles made with the optimized devices 

for (a) bulk technology and (b) DG-SOI technology 



pseudo NMOS is the smaller delay. Further, in the sub-

threshold region the static short circuit current is also a 

weak inversion current which is relatively much less 

significant than in super-threshold. Hence, we propose the 

use of pseudo-NMOS logic in sub-threshold domain. 

B. Modeling delay of primitive logic gates 

In order to evaluate the implications of the device level 

optimization on circuit and architecture, it is necessary to 

model the delay and power (both dynamic as well as static) 

of the primitive logic gates. For both the bulk and the DG-

SOI technologies we follow the same procedure to model 

the delay of the primitive gates. 

The high-to-low delay (Td) of the inverter can be obtained 

from the following: 

( )
/ 2

2 1

0

d out dd

out d d

T V V

L O U T

V V

I I d t C dV

=

=

− =∫ ∫
 

(1) 

Where, I2 is the discharging (NMOS) current, I1 is the 

charging current (PMOS) and CL is the output capacitance. 

Note that the same current equations can be used to model 

the delay in both bulk and DG-SOI gates. We only need to 

tune IOFF and S according to the technology at hand. 

The next important task is to accurately model the 

capacitance of the bulk and the DG-SOI devices. 

Modeling capacitance: Bulk technology 

Note that in reality CL is not a constant but actually 

depends on VOUT. It is evaluated by simply adding the 

voltage dependant input capacitance of the load, Ci and the 

junction capacitances of the driver transistors. 

in t

N M O S P M O S

L J J iC C C C C= + + +  where, 

doofifdoxi CCCCCseriesC ||||||),(=  
(2) 

Here Cox is the oxide capacitance, Cd is the depletion 

capacitance, Cif  is the inner fringing capacitance, Cof  is the 

outer fringing capacitance and Cdo is the direct overlap 

capacitance. For multiple fan-out gates the Ci is suitably 

adjusted. Cint is the interconnect capacitance and has been 

assumed to be 2fF in our simulations [7]. 

The same methodology can be used for evaluating the 

delay of NAND and NOR gates. In case of a NAND gate, 

we assume I2 to be an equivalent discharging current 

through the NMOS stack. The role of charge sharing by the 

internal node in case of the NAND stack is incorporated by 

assuming  

( ) int* N M O S PM O S

L J J iC C C C Cβ= + + +  (3) 

where β is a capacitance fitting parameter. 

Fig. 6a illustrates how the delay of the inverter depends on 

the Vdd. It can be noted that the simulation results from the 

model described above closely match with MEDICI 

simulation. It can be noted that the sub-pseudo NMOS 

gates (with the optimized devices) are the fastest. 

Modeling capacitance: DG-SOI technology 

In a manner similar to the bulk technology, we can 

estimate the capacitive load CL. In the DG-SOI process, the 

load capacitance is considerably lower because of the 

absence of any junction capacitance. Further, it has already 

been shown that the intrinsic device capacitance is 

(theoretically) zero for the DG-SOI in sub-threshold 

domain. The load capacitance in the DG-SOI process is, 

hence, given by: 

in t|| ||L if of doC C C C C= +  (4) 

Since our optimized device is so designed that the gate is 

perfectly aligned with the channel with zero overlap, the 

direct overlap capacitance Cdo is absent. Thus it can be 

intuitively understood, that in sub-threshold DG-SOI 

process, the parasitic capacitances dictate performance. Fig. 

6b illustrates the delay of an inverter driving another 

inverter in the DG-SOI technology. Here, the interconnect 

capacitance is kept constant at 1fF.The modeling of delay 

for NAND and NOR gates is similar to the bulk technology, 

and will be avoided here for brevity. From Fig. 6, it can be 

noted that the switching delay is orders of magnitude lower 

than the bulk. Thus in the sub-threshold region of operation 

DG-SOI circuits perform far better than bulk technology. 

C. Modeling power of the logic gates 

The total power of the logic gate consists of a dynamic 

component and a static component. In our model we have 

used  

T o tal D ynam ic S taticP P P= +  

2

T o tal L dd L eak ddP C V f I Vα= +  

 

(5) 

where, α is the activity of a particular logic gate, f is the 

clock frequency and ILeak is its leakage current. We have 

verified this model both for the bulk as well as the DG-SOI 

technologies using MEDICI simulations. 

IV. The Architectural Issues: 

In the previous sections, we have deduced that for sub-

threshold operation, it is prudent to optimize the transistors 

so as to reduce the junction capacitance (and also make the 

sub-threshold slope better). 

From a circuit perspective, we have demonstrated that 

sub-Pseudo NMOS has an advantage in terms of power 

delay product over conventional CMOS. In this section, 

we explore the design space at the architectural level. 

Since the primary objective of system design in sub-

threshold operation is low power, we focus on searching 

the design space for minimizing total power while 

maintaining a target throughput (or maximizing 
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Fig. 6: The delay vs. Vdd of  an inverter driving an identical inverter for 

(a) bulk and (b) DG-SOI technologies.  

  



throughput at a constant power).  Further, it may not be 

possible to meet a target throughput by device and circuit 

optimization. Hence it is necessary to exploit architectural 

level techniques to obtain higher throughput at lower 

power. 

Parallelism and pipelining are two important ways to 

improve system performance during architectural 

synthesis. Typically, they represent a trade-off between 

area/power and system throughput.  Parallelism is 

associated with incorporating more hardware resources to 

increase throughput. However, more parallel elements 

result in increased leakage power and die-area. On the 

other hand, the idea of a pipelined design is associated 

with increasing operating frequency (and hence 

throughput), by breaking the critical signal propagation 

path of a circuit into multiple smaller paths (with latch 

insertion at appropriate places) [6]. However, the increase 

in number of pipeline stages corresponds to increased 

overhead due to latches (in terms of die-area and power) 

and latency of operation.  

The reduction in supply voltage is a popular choice to 

reduce power dissipation since it renders quadratic 

savings in dynamic power. The performance loss due to 

supply voltage scaling can be compensated by 

architectural means using more parallel resources or 

increasing the number of pipeline stages as mentioned 

above. However, in sub-threshold region the dynamic 

power constitutes a smaller percentage of the total power 

than in super-threshold. This can be understood from the 

following: 

• the gate input capacitance is lower than its super-

threshold counterpart in bulk and the intrinsic gate 

input capacitance is absent in DG-SOI. 

• the operating voltage, Vdd as well as the operating 

frequency, f are lower than in super-threshold.  

Even for the same frequency of operation, a sub-threshold 

design has lower dynamic power than the super-threshold 

design. Consequently, even in the active mode of the 

circuit, the leakage power is a significant portion of the 

total power.  

To maintain a constant throughput, we can lower Vdd if we 

incorporate more parallel processing units. This, of course, 

decreases the dynamic power of the system. However, the 

leakage power increases steadily (because of more 

number of processing units) and very soon becomes a 

dominant portion of the total power. In sub-threshold 

operation this trade-off becomes apparent for a relatively 

lesser number of parallel units. Hence, contrary to belief 

that parallelization can ideally reduce power for constant 

throughput (by aggressively scaling Vdd), in sub-threshold 

it is necessary to judiciously choose the number of 

parallel units such that the total power (dynamic+leakage) 

is minimized. This can be noted from Fig. 7a and 8a. 

Important observations from the graphs are: 

• For iso-throughput (10MIPS in this case), the DG-

SOI dissipates almost one order of magnitude less 

power than the bulk technology. This is attributed to 

the fact that the capacitance of the bulk devices are 

much higher than the DG-SOI, which is limited by 

the parasitic only.  

• Note that low switched capacitance for DG-SOI 

results in low dynamic power. So leakage is more of 

a concern in DG-SOI than in bulk. Whereas, in bulk 

three pipeline stages are optimal, in DG-SOI only 

two pipeline stages are optimal, since the leakage 

power fast exceeds the dynamic power. 

Pipelining too offers a power-frequency tradeoff in terms 

of the contributions from the latches. The latches 

contribute significantly not only to the dynamic but also 

the leakage power. Hence the number of pipeline stages 

need to be chosen so that the total power (combinational 

logic + latches) is minimized (as shown in Fig. 7b and 8b). 

Note, that in DG-SOI, the total dissipated power is lower 
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Fig. 7: For a five-tap FIR filter at 10 MIPS designed in the bulk 

technology (a) variation of power with number of parallel units (one 

pipeline stage). (b) variation of power with number of pipeline stages 

(one pipeline stage). Vdd has been adjusted in each case to achieve the 

right throughput. 
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Fig. 8: For a five-tap FIR filter at 10 MIPS designed in the DG-SOI 

technology (a) variation of power with number of pipeline stages (one 
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Fig. 9: Throughput vs Power of a five tap FIR filter (refer to Fig. 1) in 

(a) bulk and (b) DG-SOI technologies. Note how device optimization, 

choice of circuit style and optimal parallelization/pipelining can 

dramatically improve throughput at iso-power. 

 



than bulk technology. However, leakage is more of a 

concern in DG-SOI. So we can see that beyond two 

pipeline stages, the total power cannot be lowered, since 

the power in the latches (dynamic + active) starts to 

dominate.  The total system power can be estimated as: 

T o tal D ynam ic S taticP P P= +  

( )

( )

2

||
2*

Leak

Leak

comb comb comb

total dd dd
System

Total
Latch Latch Latch

stage total dd dd

C V f I V
P N

K N C V f I V

α

α

 + +
 =
 + 

 

 

(6) 

where, N|| is the number of parallel units, Nstage is the 

number of pipeline stages, and K is the number of latches 

required per stage.  

Let us consider the eight-bit five-tap FIR filter whose 

power-performance trade-off was previously illustrated in 

Fig. 1b. We have used the optimized devices to 

implement sub pseudo-NMOS logic. Further, the design 

has been optimally pipelined and parallelized. This results 

in considerable improvement in throughput for iso-power, 

as illustrated in Fig. 9a (bulk) and Fig. 9b (DG-SOI). First 

at iso-power we improve the throughput by device 

optimization and then by switching to pseudo-NMOS.  

Next we implemented an optimal 

pipelining/parallelization strategy to increase throughput. 

It can be noted that the throughput obtained in the process 

is 2 to 9 times higher that the conventional design for the 

bulk technology (at iso-power). We have also applied the 

optimal parallelization/pipelining techniques to the 

conventional FIR design in the sub-threshold region to 

achieve higher throughput. Nevertheless, with the 

device/circuit/architectural optimizations discussed so far, 

the throughput obtained is more than two times better (for 

iso-power) than the conventional design (Fig. 10a) in case 

of the bulk technology. The same strategy has been 

applied to DG-SOI (Fig. 10b). This results in an 

improvement of 3.8x in the throughput at iso-power 

conditions. Thus we may note that significant 

improvement can be achieved by co-designing in all 

aspects namely, device, circuit and architecture. 

Finally, it is worth comparing the performance of the two 

technologies in sub-threshold regime. Fig. 11 illustrates 

the power-throughput trade-off of the FIR filter after 

optimization in device/circuit and architectural levels for 

both the bulk and the DG-SOI technology. It can be noted 

that the DG-SOI technology has more than 10x 

improvement in throughput at iso-power compared to the 

bulk technology. This is due, mainly to the fact, that the 

DG-SOI in the sub-threshold domain has no intrinsic 

capacitance, although the bulk transistors do. This 

significant lowering of the device capacitance increases 

the throughput of the overall system at iso-power. Thus: 

• By proper co-design in aspects of 

device/circuit/architecture we can improve the 

throughput at iso-power in the sub-threshold region. 

• DG-SOI MOSFETs inherently have no intrinsic 

capacitance in the sub-threshold region. This gives 

significant improvement in PDP. DG-SOI is better 

suited to sub-threshold operation that the 

corresponding bulk technology.  

VI. Conclusion: 

This paper presents a design methodology in all the levels 

of hierarchy (device, circuit and architecture) for ultralow 

power digital sub-threshold operation (Vdd < Vth). We 

have demonstrated that conventional design techniques 

are not optimal for sub-threshold design. By proper co-

design it is possible to obtain hundreds of MHz of 

performance in sub-threshold systems with very low 

power. We have further demonstrated that double-gate 

MOSFETs are better suited for sub-threshold operation 

(~10x higher throughput at iso-power) than bulk 

MOSFETs. This is due mainly to the fact that DG-SOI 

has no intrinsic capacitance in the sub-threshold region.  
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Fig. 11: A comparison of power-throughput trade-off by device/circuit 

and architecture co-design in DG-SOI and Bulk technologies. Note 

that the DG-SOI technology gives almost 10x improvement in 

throughput at iso-power compared to Bulk Technology. 
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Fig. 10: Throughput vs. Power of a five tap FIR filter in (a) bulk and 

(b) DG-SOI Technologies with (i) standard devices designed in 

CMOS style with optimal pipelining/parallelization. (ii) optimized 

devices in Pseudo-NMOS style with optimal parallelization/pipelining. 

 


