Timing Analysis for 

CPU Design Project

ELEC 7770-001

 Advanced VLSI Design

Dr. Vishwani D. Agrawal

                               -  Chaitanya Bandi
Need for timing analysis:

High-performance integrated circuits have traditionally been characterized by the clock frequency at which they operate. Delay calculation must be incorporated into the inner loop of timing optimizers at various phases of design, such as logic synthesis, layout (placement and routing), and in in-place optimizations performed later in the design cycle. While such timing measurements can theoretically be performed using a rigorous circuit simulation, such an approach is liable to be too slow to be practical.
Circuit Level Timing Constraints:
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Two kinds of timing errors are possible in such a system:

· A hold time violation, when a signal arrives too early and advances one clock cycle before it should.

· A setup time violation, when a signal arrives too late, and misses the time when it should advance.
                      Tclkmin = tpFF + tpCL + tsu

The fastest clock that can operate on the circuit depends on the sum of the propagation time through the flip-flop, the propagation time through the Combinational logic, and the flip-flop setup time (depends on the technology used).
The above analysis could have been implemented by Quicksim II, but Quicksim and related tools are apparently no longer supported by Mentor Graphics. It is also the case that most of the timing analysis models were not designed for the newest technologies (.18um) in the ASIC Design Kit. At this point, I would like to suggest that, instead of using tsmc018 technology, it is preferable to use ami05 or any other older technologies that are supported by the timing analyzers. 

Design Flow:
The expected design flow is to use ModelSim for functional verification of digital designs, with the circuit modeled in VHDL and/or Verilog. This includes both behavioral models and gate-level VHDL/Verilog netlists.  A Verilog netlist is used as input to the chip layout "back end" tools.  After conversion to a circuit-level netlist, Eldo and MachTA, both SPICE-based simulators, are available. Both can do mixed-signal simulation, but Eldo is better for analog simulation and MachTA more efficient for large digital and Post-Layout simulations.

Timing Analysis using Eldo:
· Extract the schematic from the Netlist.

· Export it as a Spice format.

· Force vectors to observe the critical path from the simulation results files.

· Find the critical path from the Waveform Viewer
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Critical Path from the Waveform finder is found by simulating the circuit and observing the behavior of the output node that takes the longest time to produce a change on its line. The time from which the inputs change to the time at which the output on the critical path gives the maximum delay of the circuit. This defines the maximum Clock frequency of the circuit. 
Post Layout Analysis:

· The Post layout incorporates both the block and routing delays as a final analysis of the design’s timing constraints.

· Post layout simulation is a better parameter to find the maximum operational frequency and behavior of the circuit.
Mach TA is used for Post-Layout timing analysis.
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Timing analysis from the Netlist:

Leonardo generates the delays of the area optimized and delay optimized netlist. It also gives the critical path on which this delay is defined. The delay of the area optimized netlist has a lesser delay than that of the delay optimized netlist. Hence upon observing the delay of the area optimized netlist, the maximum clock frequency can be approximated. 

The delay of the Area Optimised Netlist of the CPU design is: 13.13 ns
The Maximum clock frequency at which it can be operated : 75.4 MHz
This is just an estimate of the pre-layout timing analysis. This delay may differ based on the level of optimization. 
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Appendix
Force values for the Spice Simulation: 
*option definition

.option modwl noascii engnot aex alignext

*

* .CONNECT statements

*

.CONNECT GND 0

* ELDO netlist generated with ICnet by 'neelisa' on Wed Apr 25 2007 at 18:47:30

*

* Globals.

*

.global GND VDD

* source statements

vdd vdd gnd dc 2.5v ! supply voltage value

vclk Clock ac 1 pwl(0 0 10n 0 10.1n 5 20n 5 20.1n 0 30n 0 30.1n 5 40n 5 40.1n 0 50n 0 50.1n 5 60n 5 60.1n 0 70n 0 70.1n 5 80n 5 80.1n 0 90n 0 90.1n 5 100n 5 100.1n 0 110n 0 110.1n 5 120n 5 120.1n 0)

vmemout1 MEMORY_OUTPUT[1]ac 1 pwl(0 0 10n 0 10.1n 5 30n 5 30.1n 0 120n 0)

vmemout2 MEMORY_OUTPUT[2] ac 1 pwl(0 0 10n 0 10.1n 5 50n 5 50.1n 0 120n 0)

vmemout3 MEMORY_OUTPUT[3] ac 1 pwl(0 0 10n 0 10.1n 5 70n 5 70.1n 0 120n 0)

vmemout10 MEMORY_OUTPUT[10] ac 1 pwl(0 0 10n 0 10.1n 5 90n 5 90.1n 0 120n 0)

vmemout0 MEMORY_OUTPUT[0] gnd dc 5v

vmemout4 MEMORY_OUTPUT[4] gnd dc 5v

vmemout5 MEMORY_OUTPUT[5] gnd dc 5v

vmemout6 MEMORY_OUTPUT[6] gnd dc 5v

vmemout7 MEMORY_OUTPUT[7] gnd dc 5v

vmemout8 MEMORY_OUTPUT[8] gnd dc 5v

vmemout9 MEMORY_OUTPUT[9] gnd dc 5v

vmemout11 MEMORY_OUTPUT[11] gnd dc 5v

vmemout12 MEMORY_OUTPUT[12] gnd dc 5v

vmemout13 MEMORY_OUTPUT[13] gnd dc 5v

vmemout14 MEMORY_OUTPUT[14] gnd dc 5v

vmemout15 MEMORY_OUTPUT[15] gnd dc 5v

vinr0 INR[0] gnd dc 5v

vinr1 INR[1] gnd dc 5v

vinr2 INR[2] gnd dc 5v

vinr3 INR[3] gnd dc 5v

vreset RESET ac 1 pwl(0 5 10n 5 10.1n 0 120n 0)

** lib

.LIB $ADK/technology/ic/models/tsmc018.mod

** analysis

!.ac

.tran 1n 200n ! from 0 to 200ns by step 1ns.

** output

.plot tran v(outvalue[0]) v(outvalue[1]) v(outvalue[2]) v(outvalue[3]) v(outvalue[4]) v(outvalue[5]) v(outvalue[6])

+ v(outvalue[7]) v(outvalue[8]) v(outvalue[9]) v(outvalue[10]) v(outvalue[11]) v(outvalue[12]) v(outvalue[13]) v(outvalue[14])

+ v(outvalue[15]) v(outvalue[16]) v(outvalue[17]) v(outvalue[18]) v(outvalue[19]) v(outvalue[20]) v(outvalue[21]) v(outvalue[22])

+ v(outvalue[23]) v(outvalue[24]) v(outvalue[25]) v(outvalue[26]) v(outvalue[27]) v(outvalue[28]) v(outvalue[29]) v(outvalue[30])

+ v(outvalue[31]) v(memory_address[0]) v(memory_address[1]) v(memory_address[2]) v(memory_address[3]) v(memory_address[4]) 

+ v(memory_address[5]) v(memory_address[6]) v(memory_address[7]) v(memory_data[0]) v(memory_data[1]) v(memory_data[2])

+ v(memory_data[3]) v(memory_data[4]) v(memory_data[5]) v(memory_data[6]) v(memory_data[7]) v(memory_data[8]) v(memory_data[9])

+ v(memory_data[10]) v(memory_data[11]) v(memory_data[12]) v(memory_data[13]) v(memory_data[14]) v(memory_data[15]) v(memory_data[16]) 

+ v(memory_data[17]) v(memory_data[18]) v(memory_data[19]) v(memory_data[20]) v(memory_data[21]) v(memory_data[22]) v(memory_data[23]) 

+ v(memory_data[24]) v(memory_data[25]) v(memory_data[26]) v(memory_data[27]) v(memory_data[28]) v(memory_data[29]) v(memory_data[30]) 

+ v(memory_data[31]) 

.end

Appendix B
Delay of the Area Optimized Netlist                      


Clock                : Frequency

      ------------------------------------


Clock                : 75.4 MHz


IRorREG              : N/A

                        Critical Path Report

Critical path #1, (unconstrained path)

NAME                                   GATE              ARRIVAL            LOAD

---------------------------------------------------------------------------------------

Memory_Output(16)/                                0.00  0.00 up             0.70

lat_Address(16)_rep_84_u1/QB          latchr      0.17  0.17 dn             0.01

lat_Address(16)_rep_84_u2/Y           inv01       0.27  0.44 up             0.07

ix69316/Y                             mux21_ni    0.23  0.66 dn             0.01

ix15067/Y                             mux21       0.09  0.76 up             0.01

ix69313/Y                             mux21       0.09  0.85 dn             0.01

ix15103/Y                             mux21       0.14  0.99 up             0.02

ix71779/Y                             mux21       0.24  1.23 dn             0.07

ix2501/Y                              xnor2       0.20  1.44 up             0.04

ix14197/Y                             oai22       0.14  1.58 dn             0.03

ix60808/Y                             mux21       0.18  1.76 up             0.03

ix14217/Y                             oai22       0.16  1.93 dn             0.03

ix61095/Y                             mux21       0.18  2.11 up             0.03

ix14237/Y                             oai22       0.16  2.27 dn             0.03

ix61671/Y                             mux21       0.18  2.45 up             0.03

ix14257/Y                             oai22       0.16  2.61 dn             0.03

ix62247/Y                             mux21       0.18  2.79 up             0.03

ix14277/Y                             oai22       0.16  2.96 dn             0.03

ix62822/Y                             mux21       0.18  3.14 up             0.03

ix14297/Y                             oai22       0.16  3.30 dn             0.03

ix63396/Y                             mux21       0.18  3.48 up             0.03

ix14317/Y                             oai22       0.16  3.64 dn             0.03

ix64251/Y                             mux21       0.18  3.82 up             0.03

ix14337/Y                             oai22       0.16  3.98 dn             0.03

ix64787/Y                             mux21       0.18  4.17 up             0.03

ix14357/Y                             oai22       0.16  4.33 dn             0.03

ix65348/Y                             mux21       0.18  4.51 up             0.03

ix14377/Y                             oai22       0.16  4.67 dn             0.03

ix65909/Y                             mux21       0.18  4.85 up             0.03

ix14397/Y                             oai22       0.16  5.02 dn             0.03

ix66470/Y                             mux21       0.18  5.20 up             0.03

ix14417/Y                             oai22       0.16  5.36 dn             0.03

ix67031/Y                             mux21       0.18  5.54 up             0.03

ix14437/Y                             oai22       0.16  5.71 dn             0.03

ix67592/Y                             mux21       0.18  5.89 up             0.03

ix14457/Y                             oai22       0.16  6.05 dn             0.03

ix68153/Y                             mux21       0.18  6.23 up             0.03

ix14477/Y                             oai22       0.16  6.39 dn             0.03

ix69285/Y                             mux21       0.26  6.66 up             0.05

ix72055/Y                             xnor2       0.21  6.86 dn             0.04

ix71069/Y                             mux21       0.23  7.09 up             0.04

ix60005/Y                             aoi321      0.11  7.20 dn             0.01

ix14597/Y                             mux21       0.11  7.31 up             0.01

ix60002/Y                             mux21       0.14  7.45 dn             0.03

ix14607/Y                             nor02       0.17  7.62 up             0.02

ix60000/Y                             inv01       0.06  7.68 dn             0.01

ix15303/Y                             mux21       0.16  7.84 up             0.03

ix60436/Y                             mux21       0.16  8.00 dn             0.03

ix16691/Y                             mux21       0.18  8.18 up             0.03

ix60494/Y                             mux21       0.16  8.34 dn             0.03

ix18083/Y                             mux21       0.18  8.52 up             0.03

ix60491/Y                             mux21       0.16  8.67 dn             0.03

ix19471/Y                             mux21       0.18  8.86 up             0.03

ix60488/Y                             mux21       0.16  9.01 dn             0.03

ix20863/Y                             mux21       0.18  9.19 up             0.03

ix60485/Y                             mux21       0.16  9.35 dn             0.03

ix22251/Y                             mux21       0.18  9.53 up             0.03

ix60482/Y                             mux21       0.16  9.69 dn             0.03

ix23643/Y                             mux21       0.18  9.87 up             0.03

ix60479/Y                             mux21       0.15  10.01 dn            0.02

ix25005/Y                             mux21       0.16  10.18 up            0.02

ix64569/Y                             mux21       0.14  10.32 dn            0.02

ix26361/Y                             mux21       0.16  10.48 up            0.02

ix65130/Y                             mux21       0.14  10.62 dn            0.02

ix27717/Y                             mux21       0.16  10.79 up            0.02

ix65691/Y                             mux21       0.14  10.93 dn            0.02

ix29073/Y                             mux21       0.16  11.09 up            0.02

ix66252/Y                             mux21       0.14  11.23 dn            0.02

ix30429/Y                             mux21       0.16  11.39 up            0.02

ix66813/Y                             mux21       0.14  11.54 dn            0.02

ix31785/Y                             mux21       0.16  11.70 up            0.02

ix67374/Y                             mux21       0.14  11.84 dn            0.02

ix33141/Y                             mux21       0.16  12.00 up            0.02

ix67935/Y                             mux21       0.14  12.15 dn            0.02

ix34497/Y                             mux21       0.16  12.31 up            0.02

ix69238/Y                             xnor2       0.12  12.42 dn            0.01

ix34829/Y                             oai32       0.12  12.54 up            0.01

ix59357/Y                             aoi21       0.07  12.61 dn            0.01

ix34837/Y                             mux21       0.09  12.70 up            0.01

ix59354/Y                             nand02      0.05  12.74 dn            0.01

ix34845/Y                             aoi21       0.09  12.83 up            0.01

ix58105/Y                             mux21_ni    0.29  13.13 up            0.06

reg_ALUOut(30)_rep_2/D                dffs_ni     0.00  13.13 up            0.00

data arrival time                                             13.13

data required time                                         not specified

---------------------------------------------------------------------------------------

data required time                                         not specified

data arrival time                                             13.13

                                                           ----------

                                                        unconstrained path
   Combinational 
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