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Scope of Verification •



Verification is used to confirm the operation of the circuit during different design and production phases as well as operating conditions.



•



Functional verification. Ensures that the logical functionality of the circuit is as specified.



– – –



Either using a test bench and simulator or emulator. Or prototype hardware (FPGA) Either with or without timing information.



•



Process verification. Ensures that manufacturing errors and defects are detected.



•



Timing Verification. Ensures that circuit delays (in all conditions) do not lead to errors in circuit operation.
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Delays •



•



Intrinsic device delay.



–



Time taken for the cell to change state due to a change on the input pins



–



With smaller device dimensions becoming more sensitive to loading effect due to smaller drive strengths



Interconnect delay.



– –



Delay due to wires. Dependent on layout. Smaller dimensions means more resistance. Making the wires "taller" leads to more capacitance.



•



The total delay is the sum of the gate delay and the interconnect delay. Delay is mostly determined by the layout (placement) but varies with temperature, voltage and process.



•



At above 0.5 micron interconnect delay was 20% of the path delay. With present technologies it is from 40 to 60%. Thus delays are less predictable.



•



Delays are even becoming a function of cross talk.
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Asynchronous Circuits • •



These circuits offer high speed with low power and area. However, operation is very dependent on path delays. For example :



–



Decoding might need to be completed before data is written.



–



Enables might need to be generated before data manipulation.
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Synchronous Circuits •



Circuits generally slower, larger and more power hungry than asynchronous designs.



•



Designs are less vulnerable to variable delays as the operation of the circuit is clocked. i.e. time management is implicit in the design.



•



For IP ( Intellectual Property ) this allows for more defined ( and therefore more easy to use ) interfaces.



– •



Intellectual property is code either pre-designed by the user or bought from some third party. It is the name given to “standard components” in ASIC design.



The timing needs only to be verified for timing paths.
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Path Calculations •



A timing path generally starts from the clock pin of a flip-flop to the data pin of the next flip-flop, unless otherwise defined by the user.
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Timing path Q



D CK



Q



Modeling of Delays Linear approximation Modeling error



Delay



Piece-wise approximation



Load Most modern tools use some sort of piece-wise approximation (possibly in more than one dimension) to estimate the delays. It is important, however, that all the models in the tools used are consistent.



© NOKIA NET/RAS 7 / Mark Davidson



Timing in Synchronous Logic •



Two timing requirements are important in synchronous design. These are HOLD time and SET-UP times of a register or latch.



•



The hold time is the time that the data on the input pin must remain stable after the active clock edge. If it does not remain stable an incorrect value may be captured.



•



The set-up time is the time that the data on the input pin must remain stable before the active clock edge. If it does not remain stable an incorrect value may be captured.



•



SLACK is defined as the difference between the required time in which a signal must become or remain stable and the actual time the signal takes to become or remain stable.



•



Positive slack means the requirements are met and that the circuit will perform correctly. Negative slack indicates that errors may occur.
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Setup and Hold Times •



Diagram detailing setup and hold times. Data D
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Hold time



Setup time



Hold time



Clock Skew •



The clock nets in synchronous designs tend to be large and heavily loaded. They therefore are CLOCK TREE SYNTHESISED. This is a buffering scheme implemented during layout to reduce clock skew. A B C
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Methods of Timing Verification (1) •



•



Dynamic timing. The design is simulated in full timing mode.



–



Not all possibilities tested as it is dependent on the input test vectors.



–



Simulations in full timing mode are slow and require a lot of memory.



–



Best method to check asynchronous interfaces or interfaces between different timing domains.



Static timing. The delays over all paths are added up.



–



All possibilities, including false paths, verified without the need for test vectors.



– –



Much faster than simulations, hours as opposed to days.
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Not good with asynchronous interfaces or interfaces between different timing domains.



Example of Dynamic Timing •



Error: Setup violation on Instance:/chip/BITSLIUCOREU/RX9U/RXBC/U3UFLOWUERRU with path D-CP at Time=998926.275ns : Violation=1.147ns against Spec=1.900ns



•



Error: Setup violation on Instance:/chip/BITSLIUCOREU/RX9U/RXBI/U3UFLOWUERRU with path D-CP at Time=998926.464ns : Violation=0.693ns against Spec=1.900ns



•



Error: Hold violation on Instance:/chip/BITSLIUCOREU/IFCLKDIJ/ITCLK with path CD-CP at Time=1000472.869ns : Violation=0.759ns against Spec=2.527ns
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Example of Static Timing Startpoint: BITSLIUCOREU/CNTI/ITCOLUREG0 (rising edge-triggered flip-flop clocked by InternalClock) Endpoint: BITSLIUCOREU/T/IK2LUREG39 (rising edge-triggered flip-flop clocked by InternalClock) Path Group: InternalClock Path Type: max Point Fanout Incr Path ----------------------------------------------------------------------------------------------------clock InternalClock (rise edge)



3.25



3.25



clock network delay (propagated)



58.21



61.46



BITSLIUCOREU/CNTI/ITCOLUREG0/CP (FD2E)



0.00



61.46 r



BITSLIUCOREU/CNTI/ITCOLUREG0/Q (FD2E)



12.35



73.81 r



*



BITSLIUCOREU/T/NT26579 (net)



0.00



87.15 r



BITSLIUCOREU/T/IK2LUREG39/D (FD2E) data arrival time



0.00



87.15 r 87.15



clock InternalClock (rise edge)



28.97



28.97



clock network delay (propagated)



58.21



87.18



clock uncertainty



-0.10



87.08



BITSLIUCOREU/T/IK2LUREG39/CP (FD2E) library setup time



0.00 87.08 r -1.43 * 85.65



data required time



1



85.65



------------------------------------------------------------------------------------------------------data required time



85.65



data arrival time



-87.15



-----------------------------------------------------------------------------------------------------slack (VIOLATED) -1.50 © NOKIA NET/RAS 13 / Mark Davidson



Methods of Timing Verification (2) •



Timing delays are determined by the layout but vary with temperature, voltage and process factors.



•



The ASIC vendor will supply factors based on their technology to allow verification under different environments. These factors are called generally called best and worst case military, industrial and commercial. The nominal value of the delay will be multiplied by a factor chosen by the designer to best represent the final operating conditions or the system requirements.



•



However, some vendors have their technology characterised for all the possible operating points.



•



Worst case military results in the longest delays and thus the most setup time violations.



•



Best case commercial results in the shortest delays and thus the most hold time violations.



© NOKIA NET/RAS 14 / Mark Davidson



Calculation of an Estimated Delay (1) •



In synchronous design timing issues should be considered when choosing the algorithm. Avoid long paths before a register stage.



•



Synthesis is constraint driven. This means that the synthesis tool will generate the circuit using timing as a critical factor.



–



The libraries from the vendor will include the intrinsic delays of the cells.



–



The wire load model is a statistically based estimate (provided by the vendor for the target die size) of the load a certain fan out will result in. This load is then used to calculate the propagation delay.
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Wire Load Model • • •



Statistical estimate of the load. If the estimate is too conservative then high drive cells are used and more power is consumed. If the estimate is too optimistic then there will be widespread timing problems. Main drawback is that no information about placement or routing is available. Cells close to one another, therefore low load with fanout



Cells far from one another, therefore high load with fanout
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Calculation of an Estimated Delay (2) •



Floorplanning is a method that allows information about the placement of a cell to be used in timing estimation. As most routing will be close to the ideal this is the dominant source of the timing delays.



•



Rather than trusting a wire load model (which are becoming less accurate as path delays start to dominate) floor planning can be used.



–



This can give very accurate timing information provided the floor plan drives the layout.



–



A floor plan will restrict the layout tool often resulting in a less efficient use of the silicon die. Also as it is a manual process human error can become a factor. Some vendors for this reason do not offer floor planning in their design flow.
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Calculation of an Estimated Delay (3) •



Physical synthesis is a new synthesis strategy. The synthesis tool will place the cells and calculate estimated delays based on the minimum distance in the x-y plane.



•



If the synthesis fails then a new placement or new cells would be synthesised.



•



The tool will output the netlist and the placement file.
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Timing Without Floor Planning •



If a floor plan is not used then the design will either be heavily over constrained or the synthesis rounds will never converge.



•



Vendors that do not offer floor planning will do timing driven layout.



– –



The designer supplies the netlist and clock files.



– – –



The vendor may change a cell or add a buffer if needed.
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The vendor will place and route the design in terms of the timing. The vendor will return the altered netlist. Formal verification is used to check that the changes do not effect the function of the circuit.



Calculation of the Delay •



The vendor will place and route the circuit. Based on this layout the actual load and delay of every timing path can be calculated.



•



This information is then given back to the designer as back annotation, generally in the form of a SDF (Standard Delay Format) file.



•



Timing errors in the different operating conditions must be corrected before the circuit can be manufactured.
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Example of an SDF File (CELL (CELLTYPE "FD2E") (INSTANCE BITSLIUCOREU.UI.ST.SUN.RORAB_2UDOUT) (DELAY (ABSOLUTE (IOPATH (posedge CP) QN (0.37:0.73:1.39) (0.40:0.79:1.50)) (IOPATH (posedge CP) Q (0.34:0.67:1.27) (0.30:0.60:1.13)) (IOPATH (negedge CD) QN (0.27:0.53:1.01) (0.27:0.53:1.01)) (IOPATH (negedge CD) Q (0.21:0.40:0.77) (0.21:0.40:0.77)) ) ) (TIMINGCHECK (HOLD CD (COND CD_low (posedge CP)) (0.47:0.92:1.74)) (SETUP CD (COND CD (posedge CP)) (0.00:0.00:0.00)) (SETUPHOLD D (COND CDHTEL_D_high (posedge CP)) (0.34:0.66:1.25) (0.00:0.00:0.00)) (SETUPHOLD D (COND CDHTEL_D_low (posedge CP)) (0.35:0.70:1.32) (0.00:0.00:0.00)) (SETUPHOLD TE (COND CD (posedge CP)) (0.86:1.69:3.21) (0.00:0.00:0.00)) (SETUPHOLD TI (COND CDHTEH (posedge CP)) (1.06:2.08:3.96) (0.00:0.00:0.00)) (WIDTH (negedge CD) (0.38:0.75:1.42)) (WIDTH (COND CD (posedge CP)) (0.42:0.83:1.58)) (WIDTH (COND CD (negedge CP)) (0.40:0.79:1.50)) ) )
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Engineering Change Order (ECO) •



Generally after the first layout round there are timing violations and overloads. The netlist is altered to correct these. This alteration is called an Engineering Change Order or ECO.



•



Changes should be kept to a minimum so as to avoid a totally new layout as then all the timing will change yet again.
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I/O Timing •



The timing of the ASIC interfaces are important and should be carefully specified.



•



The unit or PCB designer should supply load values so that the correct output buffer can be chosen. These values should also be given to the vendor so that back annotation data can be generated.



•



Many vendors will supply a Spice model of their buffers so that board level simulations can be run.
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Timing convergence RTL Design



As one goes down the design flow the timing estimates improve. It is important that the estimates will converge. If not the process will never come to a conclusion



Synthesis



Place and route
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Experience. Estimate what logic will be generated and how long logic paths will work



At present wire load models give some estimate. In the future placement driven synthesis will be used



Either driven by floorplanning or timing driven place and route.



Based on best estimates. However, without convergence this step cannot be passed.



Conclusion •



And the main points again :



– – –
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Reason for delay and influencing factors. Types of timing violations. Calculation of the timing information during the design phases.
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