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Simultaneous Control of Subthreshold and Gate Leakage Current in Nanometer-Scale CMOS Circuits Youngsoo Shin‡, Sewan Heo‡, Hyung-Ock Kim‡, and Jung Yun Choi§ ‡Department of Electrical Engineering, KAIST, Daejeon 305-701, Korea §Samsung Electronics, Yongin, Gyeonggi-Do 449-711, Korea



A BSTRACT



I. I NTRODUCTION Subthreshold leakage current increases exponentially with every process generation, due to the scaling down of the threshold voltage. Reducing subthreshold leakage has therefore been conceived as a key to achieving low standby power. Power gating [1], [2], [3] uses a current switch to cut off a circuit from its power supply rails during standby mode, and has been widely used in the semiconductor industry to reduce subthreshold leakage [4], [5], [6], [7]. Although power gating is efﬁcient in controlling subthreshold leakage, it suffers from a gate oxide direct tunneling current (gate leakage, for brevity). Furthermore, gate leakage grows very fast with CMOS technology scaling, even faster than subthreshold leakage, due to the scaling down of the gate oxide thickness. In fact, for CMOS technology of 60nm and below, gate leakage is expected to exceed subthreshold leakage [8]. The efﬁciency of power gating does indeed degrade very fast with technology scaling and also with temperature. The reduction in efﬁciency is due to the gate leakage of circuits specifically associated with power gating, such as storage elements and output interface circuits with a data-retention capability, and current switches. In order to overcome the efﬁciency limitation of power gating circuits, we propose a new circuit technique, which we call supply switching with ground collapse (SSGC). This reduces standby gate leakage by switching to a lower-voltage supply, while current switches, through which ground collapses
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Power gating has been widely used to reduce subthreshold leakage. However, its efﬁciency degrades very fast with technology scaling due to the gate leakage of circuits speciﬁc to power gating, such as storage elements and output interface circuits with a data-retention capability. A new scheme called supply switching with ground collapse is proposed to control both gate and subthreshold leakage in nanometer-scale CMOS circuits. Compared to power gating, the leakage is cut by a factor of 6.3 with 65nm and 8.6 with 45nm technology. Various issues in implementing the proposed scheme using standardcell elements are addressed, from RTL to layout. The proposed design ﬂow is demonstrated on a commercial design with 90nm technology, and the leakage saving by a factor of 32 is observed with 3% and 6% of increase in area and wirelength, respectively.
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Fig. 1. Supply switching with ground collapse.



in standby mode, suppress subthreshold leakage. We address various issues in the design of SSGC: choice of a low-voltage standby supply and design of supply switching circuits, design of power network and current switches, and the design of SSGC-speciﬁc circuits. We also discuss the design ﬂow for SSGC using standard-cell elements, starting from the RTL description of a circuit and going down to a layout. A range of experiments show that, compared to power gating, SSGC reduces leakage by a factor of 5 to 7 at 65nm and 6 to 11 at 45nm. The proposed design ﬂow is demonstrated on a commercial design, showing the validity of the proposed method. The remainder of this paper is organized as follows: in the next section we propose SSGC and deal with various aspects of SSGC design using standard-cell elements. Experimental results are presented in Section III, and the application of SSGC to a commercial design is studied in Section IV. We draw conclusions in Section V. II. S UPPLY S WITCHING WITH G ROUND C OLLAPSE The efﬁciency of power gating degrades with technology scaling due to the presence of gate leakage in data-retention storage elements and output holding circuits. Using SSGC, the component of gate leakage in storage elements is reduced by dropping the supply voltage, while power gating largely eliminates subthreshold leakage in the combinational circuits. Fig. 1 shows the SSGC concept. When the circuit is in active mode, the normal supply voltage (Vdd ) is applied through supply control switches and the footer is turned on. When the
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PMU detects1 that the circuit is in standby state, it steers the supply control switches so that the standby supply voltage (Vsv ) is applied to the circuit. At the same time, the footer is turned off and subthreshold leakage from the combinational logic is eliminated. Note that the storage elements bypass the footer and are directly connected to Vss , so that conventional storage elements can be used without any modiﬁcation. This solves the two main problems of conventional power gating: gate leakage and the overhead of the data-retention storage elements. The voltage Vsv is considerably lower than Vdd , signiﬁcantly reducing the standby gate leakage since gate leakage is proportional to Vdd 4 [9]. The standby voltage Vsv should be chosen so that the potential that drives the logic block (the virtual supply voltage Vddv in Fig. 1) is higher than the minimum voltage necessary for the storage elements to retain their states, plus some margin to guarantee state retention in the presence of noise.
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Fig. 2. Low supply voltage for data retention.



A. Choice of the Standby Supply Voltage and Design of Supply Switching Circuits The key ingredient of SSGC is Vddv in standby mode, which should be as low as possible to reduce gate leakage but, at the same time, high enough to maintain the states of the storage elements. Temperature and process variation can affect the integrity of states at the reduced standby voltage, and need to be taken into account when we determine standby Vddv (note that standby Vddv is only used to choose Vsv , and Vddv itself is not constant). As an example, we took a D ﬂip-ﬂop (based on tristateinverters and inverters) in commerical 90nm as shown in Fig. 2. We repeated SPICE simulation and determined the lowest Vddv for temperatures between -40◦C to 125◦C, which we assumed to be a realistic operating range. We repeated the same experiment for different process corners to allow for process variation: each plot in Fig. 2 corresponds to a different process corner. Fig. 2 shows that at least 260mV is required to power this ﬂip-ﬂop reliably in the presence of temperature and process variations. If a design has several types of storage element, these experiments need to be repeated for each type, and the maximum necessary voltage can then be assumed as Vddv . The supply switching circuits in Fig. 1 can be designed as two MOS switches, as shown in Fig. 3. The normal supply voltage Vdd is supplied through M1, which is a PMOS switch with a high threshold voltage. Using a device with a high threshold can reduce the subthreshold leakage of M1, which is turned off in standby mode. In active mode, Vddv is lower than Vdd due to the voltage drop across M1, which increases the circuit delay. This implies that the sizing of M1 is important for circuit performance. The wake-up delay, which is the delay in switching from standby to active mode (i.e. the time needed to turn off M2 and turn on M1), is also dependent on the size of M1. A low threshold voltage is preferred for the size of M2. This may increase the subthreshold leakage, but that has little impact 1 There are many alternative power management interfaces and the full range of possibilities is beyond the scope of this paper. For example, a circuit may have internal logic that detects its own standby state and sends a standby request to the PMU. The PMU may then acknowledge the request, depending on the conﬁguration of the whole system. The same logic can be used to detect the wakeup condition and to interface with the PMU to achieve a return to active mode.
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Fig. 3. Supply switching circuits with M2 implemented in (a) NMOS and (b) PMOS device.



since M2 turns off in active mode, while most of the leakage current in the circuit occurs during standby mode. The polarity (NMOS vs. PMOS) and the size of M2 are important determinants of the total leakage current, since they affect the choice2 of Vsv , which in turn determines the gate leakage. Our experiments show that the use of NMOS switch generally reduces the leakage current, and is therefore preferable for M2. At most temperatures, the total leakage current in the circuit with an NMOS switch is less than half of that with a PMOS switch. This can be understood from the observation that Vsv is higher for PMOS transistor at the maximum temperature (recall that Vsv is determined at the maximum temperature), which leads to higher values of Vddv at lower temperatures, making the total leakage greater than it would be with an NMOS switch. The size of the NMOS switch M2 should be chosen to minimize the total leakage, so long as the area overhead from the switch can be tolerated. Simulating a circuit to determine the total leakage while varying the size of M2 can take a signiﬁcant amount of time. Fortunately, it can be shown through experiment that the total leakage approximately correlates with Vsv (e.g. see Fig. 4, which corresponds to the industrial example used in Section IV). Sizing can therefore be performed more economically by changing the NMOS size and deducing Vsv 2 Note that V has to be higher than the minimum voltage needed for data sv retention, since there is a voltage drop across M2 in standby mode.
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Fig. 4. Correlation of Vsv and total leakage current. Fig. 6. (a) Conceptual layout of a footer cell and (b) the layout of a footer with slices and isolators.
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metal layer, and connects to Vddv through its VDD terminal. Similarly, the footer connects to Vssv through its VSS terminal, while connecting to Vss via a horizontal rail in a higher metal layer. The placement of M2 is less important, since it only supplies standby voltage (Vsv ). In Fig. 5, M2 switches are located in four corners of the placement region. Storage elements need Vddv and Vss , as shown in Fig. 1. Because we modify the conventional storage elements slightly, to reduce their subthreshold leakage, they require Vssv as well. (The detail is explained in Section B.3) As a result, the elements’ VDD and VSS terminals connect to the Vddv and Vssv rails, while the connection to Vss is made through their signal pins. The output-holding circuit receives both Vdd and Vss through its signal pins.
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Fig. 5. Power networks for supply switching with ground collapse.



from the average leakage current of the circuit, with Vddv set to the minimum voltage that supports data retention.



B. Design Methodology In this subsection, we will discuss various issues that arise in applying SSGC to designs based on standard-cell elements. B.1



Power Networks



Fig. 1 shows that we need additional power networks for Vddv and Vssv , as well as conventional networks for Vdd and Vss . To meet this demand, we propose the new power network topology shown in Fig. 5. These networks consist of four power rings and corresponding power rails. The networks providing Vdd and Vss are connected to chip-level power networks, while the Vddv and Vssv networks are local. Note also that the Vddv and Vssv rails connect respectively to the VDD and VSS terminals of the cells implementing combinational logic, allowing unmodiﬁed conventional standard-cell logic elements to be used. The locations of the footer and the M1 switch are important, since they affect the circuit operation in active mode. In Fig. 5, for example, they are located in the four quadrants of the placement region. Accurate analysis of the power network may be required, depending on the power delivery requirements (current, IR drop, electromigration, etc) that need to be imposed. M1 receives Vdd from a vertical rail that resides in a higher



B.2



Footer Design



Fig. 6(a) shows a conceptual cell layout of a footer switch. Its source and drain terminals are connected to Vss and Vssv respectively, while its VDD terminal merely serves as a connecting medium for the cells on its left- and right-hand sides. The body biasing of logic cells is implicit (the body of PMOS to Vddv and the body of NMOS to Vssv ), since we do not modify any standard cell layout. However, the body of a footer can be biased either to its source or to its drain. This allows us a trade-off between area overhead and leakage saving. If the body of a footer is connected to its drain (i.e. Vssv ), the footer can share its body with logic gates, which makes the layout more compact. However, when a footer is turned off, Vssv approaches Vddv , resulting in a p-n junction current in the footer, which is a disadvantage in terms of standby mode leakage. Conversely, if the body is connected to its source (i.e. Vss ), the leakage situation improves, although there is an area overhead due to the need for well isolation. We chose this second option to minimize leakage. To cope with the area overhead due to well isolation, we build a footer by combining two types of cells, which we call a slice and an isolator. A slice is a unit footer; when slices are abutted together, they constitute a larger footer. Isolators are placed at both ends of the slices so that there is guaranteed to be enough room between the footer and the logic cells for well isolation. Fig. 6(b) shows a footer constructed by abutting three
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Fig. 8. Design ﬂow.



Fig. 7. SSGC cells: (a) ﬂip-ﬂop and (b) output-holding circuit.



B.4



slices with two isolators. The footer needs to be placed in an isolated p-well, which in turn needs to be inside an n-well for well isolation. The extra spaces required are denoted by A, B, C, and D. Once the size (width) of a footer has been determined [10] from a given performance requirement, we know the number of slices that need to be placed. In terms of a simple tally of area, the best way to place slices is to abut them all together, since this requires only two isolators. But a single large footer can block placement of the logic cells. Furthermore, the power network (i.e. Vssv ) may experience a large IR drop if the logic cells are physically distant from the footer. Instead we place discrete footers in a regular pattern, as shown in Fig. 5.



B.3



SSGC Cells



While power gating requires data-retention storage elements, conventional storage elements can be used in SSGC, since they are not power gated and their standby leakage current is controlled by reducing the supply voltage (Vsv ). However, if we power-gate a portion of a storage element which is not involved in saving the state during standby mode, we can further reduce the subthreshold leakage. For instance, in the testable ﬂip-ﬂop shown in Fig. 7(a), only a slave latch is connected to Vss through serially connected NMOS switches, while the remainder of the circuit is power gated (i.e. connected to Vssv ). Fig. 7(a) also shows a layout of the ﬂip-ﬂop. This choice slightly increases the area of the storage elements but does not affect the wirelength, since these elements are not controlled by the PMU. Like power gating, SSGC needs an output-holding circuit, since the outputs of a circuit are driven by reduced voltage (Vsv ) in standby mode, while the blocks that are connected to the outputs may be driven by Vdd (either because they are in active mode or because they do not employ SSGC). Fig. 7(b) shows our output-holding circuit and its layout.



Design Flow



The design ﬂow for SSGC is shown in Fig. 8, where SSGCspeciﬁc steps are highlighted. The register transfer level (RTL) design goes through a traditional logic synthesis to create the gate-level netlist. In order to determine the size of M1 and the footer, we ﬁrst apply random logic patterns to the inputs of the netlist, simulate it with a circuit simulator, which gives us the average current. Combining this result with the target delay penalty3 and the turn-on resistance of a minimum-size MOS transistor gives us the size of M1 and the footer [10]. The size of M2, together with Vsv , can now be determined from the leakage of the circuit at maximum temperature. An outputholding circuit is inserted at each primary output. In the physical design stage, we ﬁrst generate the conventional power and ground networks, which serve as Vddv and Vssv networks in SSGC. Combining these with the extra networks for Vdd and Vss , we now have our power networks, as shown in Fig. 5. The slice blocks for a footer, and the M1 and M2 switches, are placed in a regular fashion and then ﬁxed in their locations. After the placement of the logic cells, the signal routing and the routing of the standby signal can be performed. The transistor-level netlist is extracted from the layout and simulated with SPICE to estimate the leakage current. III. E XPERIMENTAL R ESULTS We performed experiments on a set of circuits taken from the ISCAS’89 and ITC’99 benchmarks. In Table I, the second and three subsequent columns show the characteristics of the original circuits. The remaining columns show the leakage savings achieved by power gating (pg) and SSGC (as factors), for implementation in 65 and 45nm predictive technologies[11], all at room temperature. To implement power gating, we used dataretention ﬂip-ﬂops and output-holding circuits. The sizing of the footers was based on the average current, assuming that a 10% increase in delay can be tolerated. For the SSGC implementation, we assumed that the same 10% delay penalty for 3 We assume that the footer and M1 contribute equally to the delay increase in the circuit. In other words, both footer and M1 take equal responsibility for the delay penalty.
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8 18 43 4 32



11 10 26 4 54



15 37 183 30 245
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IV. C ASE S TUDY: E MBEDDED T RACE M ACROCELL In order to validate SSGC, we used an embedded trace macrocell (ETM) [12] as a test vehicle. An ETM provides debug and trace facilities for ARM processors, and allows information about the processor’s state to be captured both before and after a speciﬁc event. The original design used in this experiment consists of 90K gates after mapping on to a commercial 90nm, 1.0V gate library. The design has 124 outputs, and the same number of output-holding circuits are required for an SSGC implementation. There are 5.5K storage elements, made up of four types of ﬂip-ﬂops and a single type of latch. To determine the standby voltage (Vsv ) of the design, we ﬁrst repeated a process similar to the one shown in Fig. 2 for each storage element. The highest of the voltages needed for dataretention was 284mV, which was then used to choose the size of M2 (17.6µm) and Vsv (314mV) as shown in Fig. 4. The design then follows the ﬂow in Fig. 8. Physical design was done in the ﬂat, with ﬂoorplan constraints imposed on two large sub-



45nm pg SSGC 4.2 25.6 6.2 38.2 5.2 51.4 4.2 46.4 11.6 116.3
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sizing M1 and a footer would be allowed, and we used the circuits shown in Fig. 7 for ﬂip-ﬂops and outputs. The leakage saved by SSGC increases with technology scaling, since the gate leakage now takes a higher proportion of the total leakage current. The leakage is cut by a factor of 51 with 65nm and 56 with 45nm technology, on average. Conversely, and for the same reason, the saving from power gating decreases as the technology is scaled down. On average, compared to power gating, the leakage is cut by a factor of 6.3 with 65nm and 8.6 with 45nm technology. These results demonstrate the efﬁciency of SSGC as technology scales down, and power gating becomes less effective. The ability of SSGC to save leakage is determined by the number of storage elements and outputs in the original circuit, since they are the main sources of leakage current in standby mode (compare b03 and b14, for example). Therefore, the leakage saving of SSGC is relatively insensitive to the delay penalty, although the area overhead will increase with decreased delay penalty. We repeated the experiments at different temperatures to explore the temperature dependency of both techniques. For SSGC, the leakage saving improves with decreasing temperature, since the subthreshold leakage gets smaller as the gate leakage becomes a higher proportion of the total. This is in contrast to power gating, where leakage saving decreases as temperature goes down.



65nm pg SSGC 5.3 29.5 8.3 58.7 6.2 42.1 5.0 33.2 16.4 93.3



0.71 mm Fig. 9. Final layout of ETM with SSGC.



blocks. The ﬁnal layout is shown in Fig. 9. Four power rings are also shown in the ﬁgure. SSGC reduces the leakage current by a factor of 32 at 25◦C (13µA compared to 410µA with the original design). The saving goes up at reduced temperatures, as we would expect: rising to a factor of about 130 at -40◦ C. This result is in accordance with the experimental results presented in the previous section, implying that we could expect more savings in 65nm and smaller technologies, where gate leakage takes a higher proportion of the total standby leakage current. We analyze the contribution to leakage current by different components of the design. The storage elements (SEs) draw 12.8µA and thus are responsible for most of the leakage current. This is understandable since their subthreshold leakage can be signiﬁcant due to the use of a low Vt (see Fig. 7), although leakage is reduced by a lower supply voltage (Vsv ) in standby mode. Footers and output-holding circuits take a negligible leakage current due to their use of high Vt transistors. However, it should be noted that the relative contribution of different elements will be different depending on the proportion of gate leakage in the total leakage current.
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We have also analyzed the overhead of using SSGC with this layout, in terms of area and wirelength. The area increases by 3%, which is almost negligible. The total wirelength only increased by 6%. This is because SSGC does not use the PMU to control storage elements. In contrast, the data-retention storage elements used with power gating need control signals, which signiﬁcantly increase the total wirelength.
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V. C ONCLUSION Although power gating has been widely used to reduce subthreshold leakage, its efﬁciency degrades very fast with technology scaling, limiting its application to nanometer-scale technologies, such as 65 and 45nm. This is due to the gate leakage of circuits speciﬁc to power gating, such as data-retention storage elements and output-holding circuits. In order to overcome this limitation of power gating, we have proposed a new circuit technique called supply switching with ground collapse. We performed a range of experiments to compare the leakage with SSGC and with power gating. SSGC outperforms power gating by a factor of 5 to 7 at 65nm and 6 to 11 at 45nm. We have presented the design ﬂow for applying SSGC to a semi-custom design using standard-cell elements, and we have demonstrated its feasibility on a commercial design using commercial 90nm technology.



[8] S. Sirisantana and K. Roy, “Low-power design using multiple channel lengths and oxide thicknesses,” IEEE Design & Test of Computers, vol. 21, no. 1, pp. 56–53, Jan. 2004. [9] R. K. Krishnamurthy, A. Alvandpour, V. De, and S. Borkar, “High-performance and low-power challenges for sub-70nm microprocessor circuits,” in Proc. Custom Integrated Circuits Conf., May 2002, pp. 125–128. [10] S. Mutoh, S. Shigematsu, Y. Gotoh, and S. Konaka, “Design method of MTCMOS power switch for low-voltage high-speed LSIs,” in Proc. Asia South Paciﬁc Design Automat. Conf., Jan. 1999, pp. 113–116. [11] Y. Cao, T. Sato, D. Sylvester, M. Orshansky, and C. Hu, “New paradigm of predictive MOSFET and interconnect modeling for early circuit design,” in Proc. Custom Integrated Circuits Conf., May 2000, pp. 201–204.



R EFERENCES [1] S. Mutoh, T. Douseki, Y. Matsuya, T Aoki, S. Shigematsu, and J. Yamada, “A 1-V power supply high-speed digital circuit technology with multithreshold-voltage CMOS,” IEEE Journal of Solid-State Circuits, vol. 30, no. 8, pp. 847–854, Aug. 1995.



[12] ARM, “Embedded Trace Macrocell,” http://www.arm.com/ products/solutions/ETM.html.



[2] K. Usami, N. Kawabe, M. Koizumi, K. Seta, and T. Furusawa, “Automated selective multi-threshold design for ultra-low standby applications,” in Proc. Int’l Symposium on Low Power Electronics and Design, Aug. 2002, pp. 202–206. [3] T. Kitahara, N. Kawabe, F. Minami, K. Seta, and T. Furusawa, “Area-efﬁcient selective multi-threshold CMOS design methodology for standby leakage power reduction,” in Proc. Design, Automat. and Test in Europe Conference and Exhibition, Mar. 2005, pp. 646–647. [4] S. Shigematsu, S. Mutoh, Y. Matsuya, Y. Tanabe, and J. Yamada, “A 1-V high-speed MTCMOS circuit scheme for power-down application circuits,” IEEE Journal of Solid-State Circuits, vol. 32, no. 6, pp. 861–869, June 1997. [5] S. V. Kosonocky, M. Immediato, P. Cottrell, and T. Hook, “Enhanced multi-threshold (MTCMOS) circuits using variable well bias,” in Proc. Int’l Symposium on Low Power Electronics and Design, Aug. 2001, pp. 165–169. [6] H.-S. Won, K.-S. Kim, K.-O. Jeong, K.-T. Park, K.-M. Choi, and J.-T. Kong, “An MTCMOS design methodology and its application to mobile computing,” in Proc.



659 Authorized licensed use limited to: Korea Advanced Institute of Science and Technology. Downloaded on December 10, 2009 at 00:22 from IEEE Xplore. Restrictions apply.



























[image: Simultaneous Control of Subthreshold and Gate Leakage ... - kaist]
Simultaneous Control of Subthreshold and Gate Leakage ... - kaist












[image: Model Predictive Control for Energy and Leakage ... - CiteSeerX]
Model Predictive Control for Energy and Leakage ... - CiteSeerX












[image: Model Predictive Control for Energy and Leakage ... - CiteSeerX]
Model Predictive Control for Energy and Leakage ... - CiteSeerX












[image: Simultaneous Local Motion Planning and Control for ...]
Simultaneous Local Motion Planning and Control for ...












[image: A Simple Mechanism to Adapt Leakage-Control ...]
A Simple Mechanism to Adapt Leakage-Control ...












[image: Determination of accurate extinction coefficients and simultaneous ...]
Determination of accurate extinction coefficients and simultaneous ...












[image: Power Gating and Supply Control for Low Standby Leakage Power of ...]
Power Gating and Supply Control for Low Standby Leakage Power of ...












[image: A Simple Mechanism to Adapt Leakage-Control ...]
A Simple Mechanism to Adapt Leakage-Control ...












[image: Power Gating and Supply Control for Low Standby Leakage Power of ...]
Power Gating and Supply Control for Low Standby Leakage Power of ...












[image: Simultaneous determination of digoxin and ...]
Simultaneous determination of digoxin and ...












[image: Simultaneous determination of digoxin and ...]
Simultaneous determination of digoxin and ...












[image: Leakage and spillover effects of forest management on ...]
Leakage and spillover effects of forest management on ...












[image: Simultaneous measurement of in-plane and out-of ...]
Simultaneous measurement of in-plane and out-of ...












[image: Subthreshold Logical Effort]
Subthreshold Logical Effort












[image: Leakage and spillover effects of forest management on carbon storage ...]
Leakage and spillover effects of forest management on carbon storage ...












[image: Simultaneous identification of noise and estimation of noise ... - ismrm]
Simultaneous identification of noise and estimation of noise ... - ismrm












[image: Appliance leakage current interrupter and nightlight combination]
Appliance leakage current interrupter and nightlight combination












[image: The Subthreshold Relation between Cortical Local Field Potential and ...]
The Subthreshold Relation between Cortical Local Field Potential and ...












[image: Subthreshold muscle twitches dissociate oscillatory neural signatures ...]
Subthreshold muscle twitches dissociate oscillatory neural signatures ...












[image: Noise Performance of Gate Engineered Double Gate ...]
Noise Performance of Gate Engineered Double Gate ...












[image: Simultaneous Technology Mapping and Placement for Delay ...]
Simultaneous Technology Mapping and Placement for Delay ...















Simultaneous Control of Subthreshold and Gate Leakage ... - kaist






circuits with a data-retention capability. A new scheme called supply switching with ground collapse is proposed to control both gate and subthreshold leakage ... 






 Download PDF 



















 385KB Sizes
 1 Downloads
 282 Views








 Report























Recommend Documents







[image: alt]





Simultaneous Control of Subthreshold and Gate Leakage ... - kaist 

tor of 6.3 with 65nm and 8.6 with 45nm technology. Various issues in implementing the proposed scheme using standard- cell elements are addressed, from ...














[image: alt]





Model Predictive Control for Energy and Leakage ... - CiteSeerX 

leakage management in water distribution systems, formulated within a model predictive control ... linearised models built purposely for a particular network.














[image: alt]





Model Predictive Control for Energy and Leakage ... - CiteSeerX 

Process Control - Water Software System, De Montfort University ... Keywords: Model predictive control, water distribution systems, pump control, SCADA,.














[image: alt]





Simultaneous Local Motion Planning and Control for ... 

ence reported in [15] indicates that quadratic programming methods are ..... International Conference on Robotics and Automation, Kobe, Japan,. May 2009, pp.














[image: alt]





A Simple Mechanism to Adapt Leakage-Control ... 

otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific ..... Manual,â€� Dept. of EE and CS, U.C. Berkeley. [2] K. Flautner, et al.














[image: alt]





Determination of accurate extinction coefficients and simultaneous ... 

and Egle [5], Jeffrey and Humphrey [6] and Lich- tenthaler [7], produce higher Chl a/b ratios than those of Arnon [3]. Our coefficients (Table II) must, of course,.














[image: alt]





Power Gating and Supply Control for Low Standby Leakage Power of ... 

This work was supported by Samsung Electronics. ... 3. Normal. Vdd is supplied through M1, which is a pMOSFET switch with high threshold voltage. The choice ...














[image: alt]





A Simple Mechanism to Adapt Leakage-Control ... 

Caches primary target: They account for a large fraction of the ... High T (high leakage) â†’. â€” aggressive ... leakage savings smaller compared to decay. â€¢ but: no ...














[image: alt]





Power Gating and Supply Control for Low Standby Leakage Power of ... 

This work was supported by Samsung Electronics. .... size and monitoring Vstandby from average leakage current of the circuit with Vddv set to 111mV.














[image: alt]





Simultaneous determination of digoxin and ... 

ability of P-gp expression [5]; and (iii) P-gp kinetic profiling. [6]. ... data acquisition and processing. ..... sions and to obtain accurate permeability data for digoxin.














[image: alt]





Simultaneous determination of digoxin and ... 

MILLENNIUM32 software (version 3.05.01) was used for data acquisition and ... the linearity, sensitivity, precision and accuracy for each ana- lyte [16].














[image: alt]





Leakage and spillover effects of forest management on ... 

Oct 13, 2008 - We use a simple model of C storage in managed forest ecosystems and .... biomass, litter, soil and wood products of a managed forest.














[image: alt]





Simultaneous measurement of in-plane and out-of ... 

wrapping or differentiation operations. The method relies on multidirectional illumination of the object with lasers of different wavelengths and digital recording of holograms using a three CCD sensor camera, i.e., three-color CCD with red, green, a














[image: alt]





Subthreshold Logical Effort 

account. Wederive a closed-form solution for the correct sizing applications. ... that of regular strong-inversion circuits (Vdd>Vth) due to the small. 2. CONVENTIONAL LOGICALEFFORT ... power savings seen in subthreshold designs. is the logical effor














[image: alt]





Leakage and spillover effects of forest management on carbon storage ... 

leakage and spillover, beyond which effects on remote C storage exceed local effects (i.e. U .... based on data of productive temperate and boreal forests in the ...














[image: alt]





Simultaneous identification of noise and estimation of noise ... - ismrm 

Because noise in MRI data affects all subsequent steps in this pipeline, e.g., from ... is the case for Rayleigh-distributed data, we have an analytical form for the.














[image: alt]





Appliance leakage current interrupter and nightlight combination 

Apr 23, 2003 - ?cation/Data Sheet for RV4145A Integrated Circuit, Fairchild. (21) Appl. ... Powering an appliance includes an ALCI Plug having a. 361/45 78.














[image: alt]





The Subthreshold Relation between Cortical Local Field Potential and ... 

Mar 24, 2010 - In most of the in vivo electrophysiological studies of cortical processing, which are extracellular, the spike-triggered local field potential average ..... database we found no significant correlations between the lami- nar position o














[image: alt]





Subthreshold muscle twitches dissociate oscillatory neural signatures ... 

Nov 1, 2013 - tection, and their relationship to online action adjustment. ..... then full errors (mean EMG onsets from stimulus onset in ms: 289,. 506 ...... Ridderinkhof, K.R., van den Wildenberg, W.P., Segalowitz, S.J., Carter, C.S., 2004b.














[image: alt]





Noise Performance of Gate Engineered Double Gate ... 

8, pp. 1776-1782. [7] R.Srinivasan, Arup Ratan Saha (2008) â€œEffect of STI,. DSL and SMT on fT and noise Figure in 30nm gate length N-MOSFETâ€�, International ...














[image: alt]





Simultaneous Technology Mapping and Placement for Delay ... 

The algorithm employs a dynamic programming (DP) technique and runs .... network or the technology decomposed circuit or the mapped netlist is a DAG G(V, ...


























×
Report Simultaneous Control of Subthreshold and Gate Leakage ... - kaist





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















