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LOW VT TRANSISTOR SUBSTITUTION IN A SEMICONDUCTOR DEVICE BACKGROUND



[0001]



1. Field of the Invention



[0002] The present invention relates generally to tech niques for designing and optimiZing semiconductor devices and, in particular, to automated techniques for substituting loW Vt transistor, gate or cell instances in a semiconductor



design. [0003] 2. Description of the Related Art



[0004] A major challenge faced in the design of semicon ductor devices, such as in the design of high-speed micro processors, is to identify methods of increasing clock speeds for the processor While also managing semiconductor device process limitations. For example, use of loW threshold



voltage transistors (loW VQ may alloW increases in operating frequency but may also negatively impact other design factors, such as leakage current, noise, and minimum timing design requirements. Accordingly, Wholesale use of loW Vt transistors is undesirable, and often impossible. Ad hoc substitution of loW Vt transistors in semiconductor design is



impractical, particularly in large-scale designs that include



level of aggregation appropriate to a particular integrated circuit design and/or design environment. For purposes of clarity, much of the description that folloWs is couched in the context of instances of standard cells that implement logic gates. Accordingly, in some realiZations, particular gate instances and loW Vt gate instances may correspond to instances of standard cells and timing analyses and substi tutions Will be performed at levels of aggregation corre sponding to such instances and netWorks thereof. HoWever, more generally, the terminology “gate instance” and “loW Vt gate instance” Will be understood to include instances of integrated circuit structures and features ranging from indi vidual instances of devices, transistors or gates, to individual instances of logic gates or ?ops, to instances of circuit blocks. Of course, not all transistors or other devices of a



loW Vt logic gate or circuit block need be loW Vt transistors or devices and suitable designs, including standard cell designs, for loW Vt logic gates or circuit blocks Will be understood by persons of ordinary skill in the art.



[0007] In vieW of the foregoing, and Without limitation, aspects of an exemplary exploitation of the developed techniques are noW described in the context of netWorks of



standard cell logic gate instances, timing analysis thereof, substitution constraints, such as node capacitance limits or



RC delay limits at gate inputs, and substitutions With loW Vt



tens of millions of transistors. Accordingly, there is a need



variants of the standard cells. Based on the description



for improved techniques Whereby loW Vt transistors may be



herein, persons of ordinary skill in the art Will appreciate suitable exploitations for gate instances at larger or smaller



selectively substituted in a semiconductor design, While



appropriately managing other design factors.



levels of aggregation.



SUMMARY



BRIEF DESCRIPTION OF THE DRAWINGS



[0005] It has been discovered that the performance of an integrated circuit design, Whether embodied as a design



[0008] FIG. 1 is a How chart that illustrates a method of processing a design for a semiconductor device.



encoding or as a fabricated integrated circuit, can be



improved by selectively substituting loW Vt transistors in a Way that prioritiZes substitution opportunities based on



[0009] FIG. 2 is a general illustration of a graph relating to standard and loW threshold voltage transistors.



multi-path timing analysis and evaluates such opportunities



[0010]



based on one or more substitution constraints. By valuing, in



processing design ?les.



a prioritiZation of substitution opportunities, contributions for all or substantially all timing paths through the substi



[0011]



tution opportunity that violate a max-time constraint,



FIG. 3 is a How chart that illustrates a method of



FIGS. 4A and 4B illustrate a further detailed



method of processing design ?les and fabricating a semi conductor device.



repeated passes through a timing analysis phase can be advantageously avoided or limited. In addition, by recog



[0012]



niZing one or more constraints on actual loW Vt substitu



semiconductor device constructed based on a modi?ed



FIG. 5 is a general diagram that illustrates a



tions, particular noise-oriented constraints, the scope of post



design.



substitution design analysis can be greatly reduced. In some realiZations, substitutions are performed so long as a leakage current budget is not expended. As a result, integrated circuit



[0013] The use of the same reference symbols in different draWings indicates similar or identical items.



designs prepared in accordance With the described tech niques may exhibit substantial cycle time improvements through judicious selection of gate instances for substitution.



DETAILED DESCRIPTION



In some realiZations, improved yields of high grade parts may result.



[0006] The developed substitution techniques are, in gen eral, applicable at a variety of levels of device/feature aggregation, such as at the individual device, transistor or FET gate level, at the logic gate or standard cell level, or at larger circuit block levels. In each case, a loW Vt instance may be selectively substituted for a standard or nominal Vt instance. Persons of ordinary skill in the art Will appreciate that a loW Vt logic gate instance or circuit block may, in general, include one or more loW Vt devices or transistors.



Prioritization and selective substitution may be made at any



[0014] Referring to FIG. 1, a method of processing a computer representation of design elements of a semicon ductor device is illustrated. The method includes determi



nation (102) of particular design instances of standard threshold voltage (standard Vt) logic cells to sWap for loW threshold voltage (loW Vt) instances. After determining the particular cell instances for substitution, the particular cell instances are sWapped by substituting (104) information corresponding to loW Vt physical ?les, loW Vt schematic representations, and loW Vt timing ?les for that associated With respective standard Vt cells. In a particular implemen tation, tWo substantially co-extensive cell libraries may be provided. For example, a standard Vt library may be pro
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vided that includes standard Vt type transistors, circuit and



gate con?gurations implementing cells of the library, While a loW Vt library includes loW Vt type transistors, circuit and gate con?gurations implementing corresponding cells. In such an implementation, sWapping a particular cell instance



from standard Vt to loW Vt simply involves substituting information for a corresponding cell from a different library. After the selected cells of the design have been substituted



from standard Vt to loW Vt cells, design veri?cation tests, such as noise tests, minimum timing tests, and physical veri?cation tests, may be re-executed (106) to verify the neW design that includes the substituted loW Vt cells.



[0015] An advantageous characteristic of loW Vt cells is reduced delay as compared to corresponding standard Vt cells. As a result, use of a loW Vt cell instance in substitution for a cell instance that contributes to a max-time violation in



“or” function, While in others, substitutable gate instances may correspond to larger or smaller aggregations of circuit features, including circuit blocks or individual transistor gate instances. Of course, as previously described, an appro



priate level of aggregation for gate instances may vary from exploitation to exploitation, and indeed, even Within a given exploitation. Accordingly, as before, persons of ordinary skill in the art Will appreciate a suitable range of exploita tions based on the description herein. [0018] A set of gate instances is prioritiZed based on a metric that tends to emphasiZe those gate instances that



contribute signi?cantly to larger numbers of those time violating circuit paths that exhibit the greatest violations. While any of a variety of metrics may be suitable, and may fall Within the scope of claims that folloW, a particular metric is illustrative.



a timing path may alloW an integrated circuit design to operate at a higher frequency. Indeed, use of loW Vt tran



sistors may improve cycle time by 15% in certain gate dominated delay paths. If loW Vt cell substitutions are prioritiZed and applied in a Way that does not unacceptably degrade other characteristics of a semiconductor device, such as noise susceptibility, margins and/or overall leakage



count;



FOM; : Z violation]- >


current, improved device performance and/or yield at grade



[0019] Where violationj is a measure of timing violation



can be achieved. Preferably, substitutions made during a design phase can be constrained to obviate a full-battery of



gate instance i and delayi is a Weighting factor based on



post-substitution timing analysis. Improved performance can be particularly desirable in integrated circuits, such as



microprocessor integrated circuits, Where high-speed-grade parts demand a substantial premium in the marketplace. FIG. 2 demonstrates an exemplary reduction in speed-grade



for path j of counti maximum time violating paths through delay through gate instance i. In calculating such a metric, FOM, it may be desirable to eliminate or skip those gate instances for Which substitution may not be appropriate. For example, in some realiZations, a loW Vt instance may not exist for certain design features and prioritiZation can be



limiting timing violations resulting from the techniques



forgone. Similarly, in some realiZations, certain gate



described herein to a microprocessor design. By selectively substituting loW Vt cells, critical timing violations are elimi nated, as evidenced by the shifting of the tail of the illus



instances may not be considered for substitution. For example, ?ops or more generally gate instances or cells With min-time design requirements may be eliminated from con sideration or skipped. Whatever the appropriate set or subset of gate instances, they are prioritiZed based on a metric that



trated histogram, and resulting microprocessor integrated circuits can be expected to operate at a higher frequency.



[0016] While loW Vt cells offer reduced delay, they also tend to exhibit a higher leakage current than standard Vt



cells. Many applications for high-speed processors also require loW current and poWer usage. Accordingly, While such applications can bene?t from substitution of many cells



With loW Vt cells, Wholesale substitution of all cells is generally not acceptable since such substitution tends to result in leakage current and noise levels that exceed design requirements. In addition, loW Vt transistors are generally more sensitive to voltage variations at their input gates. Accordingly, certain otherWise desirable substitution oppor tunities may be undesirable When particular electrical char



incorporates contributions for multiple time violating paths



therethrough. [0020] Referring to FIG. 3, a metric may include contri butions corresponding to each time violating circuit path that includes a gate instance and Which is Weighted based on the



gate delay for the particular gate instance (see 306). A prioritiZed set of the gate instances is created. Based in part on a leakage current budget, a subset of the gate instances



from the prioritiZed list are selected (308) for loW Vt substitution. For example, for each of the selected gate instances, a standard cell may be substituted With loW Vt



acteristics of input nets are considered.



version of the cell and a design ?le, referred to as a second design ?le, is created at 310. Whether the second is a neW design ?le, a revised version of a ?rst design ?le, or set of



[0017] FIG. 3 illustrates in further detail a method of processing design ?les for a semiconductor device. A por



overrides is generally a matter of design preference. In any case, the second design ?le encodes (either in Whole or in



tion of a design ?le for a semiconductor device that contains max-time violating circuit paths is received or accessed at



part) representations for the loW Vt substituted cells. A resulting design that includes the loW Vt substituted cells is



302. Each of the max-time violating circuit paths, i.e., those circuit paths having a signal propagation delay that exceeds a desired end-to-end timing requirement, typically contain multiple circuit elements, cells, transistors, or more gener ally, gate instances, for Which substitution With a loW Vt instance may be possible. For example, in a circuit path



then tested at 312. Such testing may include design rule tests, noise tests, and for minimum timing tests. Such tests



characteriZed primarily by logic delays through standard cell implementations of logic gates, substitutable gate instances may implement logic gate such as a logic “and” or a logic



are typically performed using computer-based softWare tools. After testing the second design, the second design may then be used to create masks for fabricating a semiconductor device to be constructed in accordance With the second design. The semiconductor device may then be fabricated at



314. In general, any of a variety of suitable fabrication methods may be employed.
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[0021]



Referring to FIGS. 4A and 4B, another represen



tation of a method of processing a design ?le for a semi



conductor device is shown. A timing report for a micropro cessor design that shoWs time violating circuit paths is received or accessed at 402. By evaluating this ?rst input ?le, Which may be a Pearl timing report, an analysis of each timing path violation may be conducted. In a typical real



iZation, the timing path violation report lists the devices (including gates that are in the timing path) and separates the delay into tWo components: Wire delay and gate delay. The method How then parses the time report to identify timing paths in the report and creates a database for each gate



instance in the design. That is, for each gate instance the method determines (1) the number of times that such gate instance is part of a violating timing path; and (2) calculates the summation, over each of these instances, of the path



timing violation multiplied by the gate delay. This calcula tion provides a Weighted metric that represents a bene?t from sWapping this particular gate instance to a loW Vt cell. Then, this set of gate instance entries may be sorted in



priority order according to those gates that Would have the most impact on cycle-time. Logically, the gate instances With larger intrinsic delays that are located inside of rela tively more violating timing paths Would be near the top of this prioritiZed list. This summation and Weighted contribu tion can be denoted as:



[0024] In general, any of a variety of substitution con straints can be applied in various realiZations of present invention. For example, in one realiZation, a leakage current budget constraint and tWo noise-related constraints are



applied in the selection of gate instances from the prioritiZed set. Other realiZations may employ these or other similar



constraints, depending on implementation-speci?c design considerations. Nonetheless, aspects of the present invention Will be understood in the context of the folloWing exemplary substitution constraints: a limit on capacitance at inputs of a



substitution candidate, a limit on RC delay leading into inputs of a substitution candidate, and a total leakage current



limit, or budget, expended incrementally as candidate gate instances are substituted for loW Vt variants. Embodiments of the present invention may exploit some or all of these or other similar constraints. [0025]



We noW focus on exemplary noise-related con



straints, referring to FIGS. 4A and 4B. One factor in determining Whether a particular gate instance is a good candidate for a loW Vt substitution is capacitance at inputs of a substitution candidate. For example, a capacitance value for an input (or inputs) of a particular gate instance is compared to a maximum capacitance value for such input at 412. In the particular design process of FIG. 4A, if the capacitance at an input to the particular gate instance is



greater than the maximum capacitance value, then the gate instance is discarded as a loW Vt substitution candidate and



Priority+=Violation*GateDelay [0022] It should be noted that the database created is based on gate instances, not based on merely the cell name. Since instances of a particular cell may be using in an integrated circuit design at many locations, there are typically many gate instances that correspond to a particular standard cell



design. The design is analyZed to identify those instances can be sWapped for loW Vt variants to improve performance of the integrated circuit design. For example, a particular standard cell design for a particular N-input logic gate may be used 250 times in an integrated circuit design. Accord



ingly, the integrated circuit design includes 250 gate instances corresponding to the standard cell. HoWever, each instance plays a different role in performance of the inte grated circuit design. For example, some instances may not be part of any max-time violating circuit path. On the other hand, a single one of the 250 instances may be part of 63



different max-time violating paths. Also, this one gate



evaluation of candidates continues at 410. If the capacitance value for the gate instance does not exceed the maximum



capacitance value, other noise related constraints may be evaluated. Ordering of such evaluations is someWhat arbi



trary although evaluations that involve simpler computa tions may be computed ?rst in some realiZations. In some realiZations, a ?attened RC interconnect netlist may be



accessed to determine capacitance at inputs to particular gate instances.



[0026]



Since a loW Vt transistor (or more generally, a gate



instance that includes one or more loW Vt transistors) is, in general, more sensitive to voltage variations on its input gate(s), a capacitance constraint helps to ensure that a standard Vt instance is not sWapped for a loW Vt instance if



its input(s) is (are) coupled to highly capacitive (i.e., noisy) nets. Although a suitable maximum capacitance value is, in



general, design speci?c, a 0.30 pf capacitance limit has been found to be suitable for some designs.



instance may exhibit a delay of 59 ps and may be the single greatest contributor to violations in the 63 timing paths. If a



[0027] Another factor in determining Whether a particular



loW Vt instance of the N-input logic gate is 8 ps faster than a standard Vt instance, then the substitution of just one gate instance for a loW Vt variant could improve the cycle-time of each of 63 different timing paths by approximately 8 ps.



gate instance is a good candidate for a loW Vt substitution is RC delay leading into inputs of a substitution candidate. In this case, We are checking not just the capacitance of the net, but the RC component connected to the input of the gate instance. In some realiZations, an RC delay ?le may be



[0023] Accordingly, using techniques such as described



consulted for suitable characteriZations at inputs of particu lar candidate gate instances. The RC delay value leading to the input of the particular gate instance is compared to a standard delay format (SDF) RC limit threshold at 414. If the RC delay value exceeds this RC delay threshold, then the particular gate instance is discarded as a loW Vt substitution



above, at least a subset of gate instances is prioritiZed for a



given integrated circuit design. While some realiZations may result in an absolute ordering, partial orderings or a simple selection of a subset of Worst offender gate instances may be sufficient prioritiZation in some realiZations. Based on the



description herein, persons of ordinary skill in the art Will



appreciate suitable prioritiZations for a given design and/or computational environment and the claims that folloW may be understood to encompass a variety of such prioritiZations. Given such a prioritiZation, selection of particular gate instances for substitution is noW described.



candidate and evaluation of candidates continues at 410. If the RC delay value does not exceed the RC limit threshold, then the substitution constraint evaluation proceeds. Although a suitable maximum RC delay limit is, in general, design speci?c, a 20 ps delay limit has been found to be suitable for some designs.
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[0028] Each loW Vt substitution incrementally contributes to an increase in overall leakage current. Accordingly, at decision step 416, an accumulation of the extra leakage



current (including the contribution associated With the loW V‘ substitution candidate) is compared to a maximum leak age current threshold. If the accumulated sum of extra



leakage current is less than or equal to the maximum leakage threshold at 416, then the particular gate instance is added to a master loW Vt substitute sWaplist at 418. Next, a decision check is performed to determine if the gate instance is the last gate instance on the priority list at 420. If the evaluated gate instance is the last instance on the list, then the gate instance evaluation loop is exited and processing continues to step 422. HoWever, if the gate instance is not the last gate instance on the list, then processing continues back at step 410 for the next gate instance candidate.



[0029] After processing all gate instances on the priority list, as determined at decision step 420, or after expending



the maximum leakage current budget at 416, processing of the method continues at step 422. At this point in the process, all gate instances that are on the master sWaplist are



then substituted for loW Vt cell types. [0030] Referring to FIG. 5, an illustrative semiconductor device 500 constructed in accordance With the method described herein and With substituted loW Vt gate instances is shoWn. The semiconductor device 500 includes input/ output interconnects 502 and interconnected circuit and



logic gate portion 504. Any of a variety of integrated circuit designs may be appropriate; hoWever, the circuit and logic gate portion 504 of the semiconductor device includes both standard Vt threshold gate instances 506 and substituted loW



Vt gate instances 508. By providing loW Vt gate instances 508, operating frequency for the particular semiconductor device 500 is increased and performance is improved. In addition, by using the illustrated methodology, an overall current leakage budget is maintained such that the semicon ductor device 500 is Within the suitable current leakage



requirements. [0031] Design Considerations for an Exemplary Imple mentation



[0032] In some realiZations, the actual sWapping for cell instances from instances based on the standard Vt library to



the loW Vt library can be performed at the control logic standard cell place&route blocks and datapath blocks. For a



block level loW Vt sWapping phase there are, in general, tWo types of sWapping: netlist sWaps and opus vieW sWaps. Opus vieW sWaps are done on layout and schematics. In the layout vieW of the softWare tool executed on an appropriate type of computer system or engineering Workstation, a SKILL rou tine is used to sWap the standard Vt cell instances to loW Vt cell instances. For modi?cation of the schematic, the user



nected “by name” means that it derives its connectivity by the names of the pins on the symbols, rather than draWing thousands of nets to connect the ?at schematic symbols.



[0034] An added bene?t of using verilogIn is that the schematic has the same connectivity as the .vL netlist for the



design. During an engineering change order (ECO) mode, an error may have occurred if the .vL netlist and the schematic



Were edited out of sync. So, if the loW Vt block is layout versus schematic (LVS) clean after schematic generation, then the .vL ?le and layout are synchroniZed.



[0035] Once all the netlists, layouts and schematics have been sWapped to loW Vt, then minimum-timing regression tests can be run on each block to make sure that paths Were



not sped up to the point of causing min-time violations. Referring again to FIG. 4, a minimum timing regression test for a CPU level and at each block level for the neW design



With the substituted loW Vt gates is then executed at 424. A noise regression test at the CPU and at the block level is performed at 426, and a ?nal maximum timing test is executed to determine a neW frequency for the processor



device design at 428. Aphysical veri?cation design rule test is performed at 430, and, upon completion of the testing, a semiconductor device With the neW design is then fabricated



at 432. Other post substitution design quali?cations may be performed in other realiZations.



[0036] An automated computer softWare semiconductor design tool, such as the commercially available Design FrameWork II (Opus) softWare tools available from Cadence Design Systems, Inc. may be used to process the design ?les and to implement the particular methodology disclosed in this application. In addition, design tools that support Ver ilog or other hardWare description languages may be employed. On the other hand, based on the description herein, persons of ordinary skill in the art Will appreciate a variety of other implementations suitable for this and other



design environments and languages. Terminology used herein, Which is particular to the above-identi?ed design environments or languages, is meant to be illustrative and



modi?cations, extensions and analogs suitable for other design environments Will be appreciated based on the description herein. Such modi?cations, extensions and ana logs may fall Within the scope of claims that folloW. [0037]



The above-disclosed subject matter is to be con



sidered illustrative, not restrictive, and the appended claims are intended to cover all modi?cations and other embodi



ments Which fall Within the true spirit and scope of the present invention. Thus, to the maximum extent alloWed by laW, the scope of the present invention is to be determined



by the broadest permissible interpretation of the folloWing claims and their equivalents, and shall not be restricted or



limited by the foregoing detailed description.



may take the loW Vt.vL netlist and perform verilogIn in Opus to create the schematic.



[0033]



In general, it can be dif?cult to take hierarchical



data path block schematics that have dpmacros and sWap speci?c instances because the dpmacros are arrayed instances of cells. Since the loW Vt How is designed to sWap speci?c instances, it Would be difficult to sWap entire arrays of instances described by dpmacros. So instead, a verilogIn operation may be performed for both place&route and datapath schematics, Which creates a ?at schematic With symbols connected “by name.” A schematic that is con



What is claimed is: 1. A method for use in connection With an integrated



circuit design, the method comprising: prioritiZing instances of at least some gates of the inte grated circuit design using a metric that includes con



tributions corresponding to timing violations of plural



paths therethrough; and selecting, substantially in accordance With the prioritiZa tion and based at least in part on a substitution con
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straint, a subset of the gate instances for substitution



13. The method of claim 1, further comprising:



With respective loW Vt variants thereof.



preparing the integrated circuit design and thereafter performing the prioritiZing and selecting for substitu



2. The method of claim 1, Wherein the substitution constraint includes at least one



noise-related constraint evaluated at inputs of the pri oritiZed gate instances. 3. The method of claim 2, Wherein the noise related constraint includes a node



capacitance limit at each input of the prioritiZed gate instances. 4. The method of claim 2, Wherein the noise related constraint includes a limit on



RC delay leading into each input of the prioritiZed gate instances. 5. The method of claim 1, Wherein the substitution constraint includes a limit on leakage current accumulated as a result of the gate



instance substitutions. 6. The method of claim 1,



Wherein, for each particular gate instance, the metric includes an accumulation of contributions correspond



ing to substantially each timing path therethrough that violates a timing constraint. 7. The method of claim 1,



Wherein, for each particular gate instance, the metric includes a Weighted sum of timing violations for sub



stantially each timing path therethrough that violates a maximum delay constraint on the timing path.



tion. 14. A method of processing one or more design ?les for a semiconductor integrated circuit, the one or more design



?les encoding representations of a plurality gate instances and circuit paths therethrough, the method comprising: prioritiZing at least a subset of the gate instances based on a metric that combines timing violations for each of



plural paths therethrough that violate a delay constraint; and substituting at least some of the gate instance represen



tations With respective loW threshold voltage variants thereof, Wherein the substitution is performed substan tially in prioritiZed order and subject to a noise-related constraint evaluated at inputs of the prioritiZed gate instances. 15. The method of claim 14, Wherein the noise-related constraint includes a node



capacitance limit at each input of the prioritiZed gate instances. 16. The method of claim 14, Wherein the noise-related constraint includes a limit on



RC delay leading into each input of the prioritiZed gate instances. 17. The method of claim 14,



Wherein the substitution is further subject to a constraint on leakage current accumulated as a result of the gate



8. The method of claim 7,



instance substitutions. 18. The method of claim 14,



Wherein the Weighted sum is Weighted at least in part



Wherein, for each particular gate instance, the metric



based on delay through the particular gate instance. 9. The method of claim 1,



Wherein, for a particular gate instance i, the metric sub



stantially approximates



includes an accumulation of contributions correspond



ing to substantially each timing path therethrough that violates a timing constraint. 19. The method of claim 14,



Wherein, for each particular gate instance, the metric includes a Weighted sum of timing violations for sub count;



FOM; : Z violalionjxdelayi,



stantially each timing path therethrough that violates a maximum delay constraint on the timing path, and



j:l



Wherein the Weighted sum is Weighted at least in part



based on delay through the particular gate instance. Where violationj is a measure of timing violation for path



j of counti maximum time violating paths through gate instance i and delayi is a Weighting factor based on



20. The method of claim 14,



Wherein, for a particular gate instance i, the metric sub



stantially approximates



delay through gate instance i. 10. The method of claim 1, further comprising: count;



substituting, in the integrated circuit design, the selected gate instances for the respective loW Vt variants thereof.



FOM; : Z violation]- >


11. The method of claim 10, Wherein each substituted gate instance incurs a corre



sponding leakage current penalty; and Wherein the substituting is limited by a leak current



budget. 12. The method of claim 10, further comprising:



fabricating an integrated circuit including substituted loW



Vt gate instances.



Where violationj is a measure of timing violation for path



j of counti maximum time violating paths through gate instance i and delayi is a Weighting factor based on



delay through gate instance i. 21. The method of claim 14, further comprising: preparing the one or more design ?les and performing



timing analysis thereon prior to the prioritiZation and substitution.
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22. The method of claim 14, further comprising:



32. The computer readable encoding of claim 29,



generating one or more design ?le outputs that encode



Wherein the substitution is further constrained by a leak



representations of the semiconductor integrated circuit, including the substituted loW threshold voltage gate



age current constraint.



33. The computer readable encoding of claim 29,



instances.



23. A semiconductor integrated circuit comprising: a plurality of gate instances; and



circuit paths de?ned through respective ones of the gate



instances, Wherein a subset of the gate instances are loW threshold



voltage variants substituted in the semiconductor inte grated circuit based on a prioritiZation of the gate



Wherein each of the one or more design ?le media are



selected from the set of a disk, tape or other magnetic, optical, semiconductor or electronic storage medium and a netWork, Wireline, Wireless or other communica tions medium.



34. The computer readable encoding of claim 29, Wherein the substituted subset is less than about 5%.



35. The computer readable encoding of claim 29,



instances, the prioritiZation combining timing viola tions for each of the circuit paths through a particular gate instance, and Wherein the substitution is con



Wherein the substituted subset ranges from approximately 3% to approximately 5% of the gate instances.



strained by a noise-related constraint evaluated at



36. An apparatus comprising:



inputs of the particular gate instance. 24. The semiconductor integrated circuit of claim 23, Wherein the noise-related constraint includes a node



capacitance limit at each input of the particular gate



means for processing one or more design ?les for a semiconductor integrated circuit, the one or more



design ?les encoding representations of a plurality gate instances and circuit paths therethrough;



instance.



25. The semiconductor integrated circuit of claim 23, Wherein the noise-related constraint includes a limit on



RC delay leading into each input of the particular gate instance.



26. The semiconductor integrated circuit of claim 23, Wherein the substitution is further constrained by a leak age current constraint.



27. The semiconductor integrated circuit of claim 23, Wherein the substituted subset is less than about 5%.



28. The semiconductor integrated circuit of claim 23, Wherein the substituted subset ranges from approximately 3% to approximately 5% of the gate instances. 29. A computer readable encoding of a semiconductor



means for prioritiZing at least a subset of the gate instances based on a metric that combines timing



violations for each of plural paths therethrough that violate a delay constraint; and means for substituting at least some of the gate instance



representations With respective loW threshold voltage variants thereof, Wherein the substitution is performed substantially in prioritiZed order and subject to a noise related constraint evaluated at inputs of the prioritiZed gate instances. 37. A method of making a computer readable media product that encodes a design ?le representation of a semi



conductor integrated circuit, the method comprising: preparing the one or more design ?les for the semicon



integrated circuit design, the computer readable encoding



ductor integrated circuit and performing timing analy



comprising:



sis thereon;



one or more design ?le media encoding representations of



a plurality of gate instances; and one or more design ?le media encoding representations of



circuit paths de?ned through respective ones of the gate



instances, Wherein a subset of the gate instances are loW threshold



voltage variants substituted in the semiconductor inte grated circuit based on a prioritiZation of the gate



instances, the prioritiZation combining timing viola tions for each of the circuit paths through a particular gate instance, and Wherein the substitution is con strained by a noise-related constraint evaluated at



inputs of the particular gate instance. 30. The computer readable encoding of claim 29, Wherein the noise-related constraint includes a node



capacitance limit at each input of the particular gate instance.



31. The computer readable encoding of claim 29, Wherein the noise-related constraint includes a limit on



RC delay leading into each input of the particular gate instance.



prioritiZing instances of at least some gates of the semi conductor integrated circuit using a metric that includes



contributions corresponding to timing violations of



plural paths therethrough; substituting, substantially in accordance With the priori tiZation and based at least in part on a substitution



constraint, a subset of the gate instances With respective



loW Vt variants thereof; generating one or more design ?le outputs that encode



representations of the semiconductor integrated circuit, including the substituted loW Vt gate instances; and supplying the one or more design ?le outputs as at least



part of the computer readable media product. 38. The method of claim 37, Wherein the computer readable media product is embodied as one or more media



selected from the set of a disk, tape or other magnetic, optical, semiconductor or electronic storage medium and a netWork, Wireline, Wireless or other communications medium.



39. A method of making a semiconductor integrated



circuit, the method comprising:
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preparing the one or more design ?les for the sernicon



41. The method of claim 39,



ductor integrated circuit and performing tirning analy sis thereon; prioritizing instances of at least some gates of the semi conductor integrated circuit using a metric that includes



contributions corresponding to timing violations of



plural paths therethrough; substituting, substantially in accordance With the priori tiZation and based at least in part on a substitution



constraint, a subset of the gate instances With respective



loW Vt variants thereof; and fabricating the semiconductor integrated circuit, includ ing the substituted loW Vt gate instances. 40. The method of claim 39, Wherein the substitution constraint includes at least one



noise-related constraint evaluated at inputs of the pri oritiZed gate instances.



Wherein the noise related constraint includes a node



capacitance limit at each input of the prioritiZed gate instances.



42. The method of claim 39, Wherein the noise related constraint includes a limit on



RC delay leading into each input of the prioritiZed gate instances. 43. The method of claim 39, Wherein the substitution constraint includes a limit on leakage current accurnulated as a result of the gate



instance substitutions.
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