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g? SNPC Design Phases

1. Specification and RTL design.
2. RTL Functional Simulation with Modelsim.
3. Synthesis with Cadence Genus.

4. Gate Level Simulation.

5. Place and Route with Cadence Innovus.



Phase 1:
Specification and RTL design
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Specification and RTL Design

= First the logical behavior of the SNPC design is specified in Verilog HDL
language. The logical behavior is described in the RTL level of abstraction,
because it’s most suitable for clocked designs. The SNPC design consist of
sub-designs which are described in separate HDL codes. These sub designs
are used in designs higher in hierarchy.

= Specification:
= 256 leaky integrate and fire (LIF) neurons
= 65K synapses: 256 SRAMs (256-bank, 8-bit)
= Spike timing-dependent plasticity (STDP) on-chip learning
= The design hierarchy of SNPC and the sub-designs is described below:

SNPC

SNPC_cntrl (core controller)

LIF_neuron
Xbar (synapse crossbar, synapse memory)




Phase 2:

RTL Functional Simulation with
Modelsim
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e RTL Functional simulation directory structure
* Environment setup
* Modelsim simulation and Result Verification



RTL Simulation with Modelsim

To test the logical behavior of the SNPC and the sub-designs, testbenches are
specified. The testbenches are basically also a description in Verilog HDL which
supplies the designs and sub-design with stimulus signals. The functional simulation
is performed with interactive batch scripts. The SNPC design sources are first loaded in
modelsim, and compiled starting from the top design, to the sub-designs, and then
the testbench source. After compilation, the test bench is run, to perform the
simulation (Both the compilation and simulation is performed using the interactive
batch scripts). For this functional simulation, the MNIST dataset of 10,000 16x16
images are classified according to their labels from 1-9. The weights for this
classification has been trained off-chip as ANN, and then converted to SNN. The
MNIST images are converted to spikes using Poisson distribution.

= Specification:

= Network: 256:10 (single layer), 256:225:10 (2 layer)
= Synapses: 25,600, 59,850 (57,600 + 2250) 8-bit

= This simulation is going to be performed using batch scripts are in

~/SNPC/RTL_SIM/script/ directory.

The trained synapse weights are loaded into the synapse memory before simulation
begins.




Directory Structure
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Environment Setup

ikechukwu@zxp007:~/Documents/3D_NASH_FTKMCR/Tutorial/SNPC/SIM/work - O X

Lile Edit View Search Terminal Help

[ikechukwu@zxp0@7 work]$ source ~/.cad.sh
1 [ikechukwu@zxpea? work]$ modelsiml

(1) To set the functional simulator working environment, from the terminal, navigate to
~/SNPC/RTL_SIM/work/ . If you are using file explorer, go to the same directory, right click
and select Open in Terminal. Use the following commands to set the environment then
launch modelsim.

source ~/.cad.sh

modelsim




ModelSim - INTEL FPGA STARTER EDITION 2021.1 - o x

Fie Edit View Compie Simulate Add Transcript Tools Layout Bookmarks Window Help

| EE I I |
‘ Layout Wﬂ “ Coumnlayout [B11Columns | “ |

| Library H A X
~[Name [Type [Pan | B
e wark Library fhomefikechukww/ Documents/3D_NASH. ..
220mode! Library SMODEL_TECH/. Jalteralvhal220mode! |
e 220mode]_ver Library ~ SMODEL_TECH/. /alteraiveniog/220model
- alitera Library SMODEL_TECH/. ./alteralvhdlaltera
altera_Insim Litwary SMODEL_TECH/. Jaltera'vhdValtera_Insim
altera_Insim_ver Litwary SMODEL_TECH/. Jalterafverilog/altera |
- altera mf Lioay  SMODEL_TECH/. JalteravhdVaitera_mf
+ - altera mf_ver Litwary SMODEL_TECH/. Jalteraiverilog/altera_ mf
- altera ver Litwary SMODEL_TECH/. Jalteraiverilog/altera
cyclonelog: liorary  SMODEL_TECH/. Jalteraivhalicycloneld...
cyclkone10gx_hip Library ~ $MODEL_TECH/. Jalteralvhdlcycloneld...
o cyclnelOge_fip ve...Libiary  SMODEL_TECH/. Jateralveriogicyclone.
e CyclnelOge hssi  Library  SMODEL TECHY.aiteravhalicycloneld...
- cychlnelOgx_hssi v..Library  SMODEL_TECH/. /alterafveniog/cyclone. ..

PO A

M Transerint

ModelSim= do .. /script/run_Local MNIST.tc

|<No Design Loaded> <Na Context>

(1) After launching modelsim, use the following command to run the simulation.
do ../script/run_Local MNIST.tcl




E?Verification of RTL Simulation Results

ModelSim - INTEL FPGA STARTER EDITION 2021.1 - o x

Fle Edt View Comple Simuate Agdd Process Tools Layout Bookmarks Window Help

B Ok de 0 0 Bmosi | s o 08B

100 ps 5

Layout [Simalate hd ColumnLzyout [A11Columns -

" sim - Defauit ASH_FTKMCR/Tutarial SNPC/TB/TB_SNPC_MNIST.v {{TE_SNPC_MNIST) - Defauit
Instance L T How | _ ||
TB_SNPC_MNIS... 165 Sstop; B
. sNPCO 166 end
SNPC1L 167
ANITIAL#T0 168
#NITIALEL 169 always @(posedge clk or negedge rst_n) | |
#ALWAYSE1S 170 if (~rst_n) begin
ZASSIGNELES...© ZINITIALEIL 171 for (k = 0; k<10; k=k+1) begin
172 output spike cnt[k] = 0; =
EIL DSy [ E— D
Transcrpt Yoo f
# vsim -quiet -t lps work.TB SNPC_MNIST -gOUTPUT_CLASSIF FILE="../output/MNIST LOK V-1.0.txt" -gINPUT_SPIKE_FI I -
1 Le-". ./ Laput /RA/TEST X/SPIKE, IMG=8.bin" g THG TWDK="8" —g QUITo0 o {ERRGERRSIEERRIREERINEERIENESINEERIaRERIRERIRENEINRENIERY
# Start time: 11:03:05 on Apr 13,2021
# Output spikes after all timestep of IMAGE(8): '{17, 0, 0, 0, 0, 0, 0, 0, 0, 0}
# Output is number 9 with 17 spikes
# +* Note: $stop : ../../TB/TB_SNPC MNIST.v(165)
#  Time: 128247 ns Iteration: 1 Instance: /TB SHPC MNIST
# Break in Module TB_SNPC_MNIST at ../../TB/TB_
# End time: 11:03:15 on Apr 13,2021, Elapsed time
# Errors: 0, Warnings: 0
# vsim -quiet -t lps work.TB SNPC MNIST -gOUTPUT CLASSIF FILE="../output/MNIST 10K V-1.0.txt" -gINPUT SPIKE FI
LE="../input/RAM/TEST_X/SPIKE_IMG-9.bin" -g_IMG_INDX="9" -g_QUIT=0
# Start time: 11:03:15 on Apr 13,2021 H
# Output spikes after all timestep of IMAGE(9): '{0, 0, 0, 15, 4, 0, 0, 0, 0, 0} n pu Spl e .
# Output is number 6 with 15 spikes S n a Se Wel t u p u
# #+ lNote: $stop : ../../TB/TB_SNPC_MNIST.v|165)
M

Time. 12224 Iiesabico. T To=h sl TR SURC ST

Now: 12824715 Deitar 1 SimTB_SNPC_MNIST/INITIAL#L to LI F n e u r'o n S S p i ke

(1) The simulation result is displayed in the modelsim transcript.
(2) Simulation waveform of the SNPC showing the input spikes, synapse weights sent to
the LIF neurons and output spike.




Modify RTL Simulation Script

set SRC_DIR {../../RTL/}

if {[file isdirectory work]} {
# this is a directory
} else {
vlib work
vlog -quiet -vlog@lcompat -work work +incdir+$SRC_DIR ../../RTL/LIF neuron.v
vlog -quiet -vlog@lcompat -work work +incdir+$SRC_DIR ../../RTL/xbar.v

#vlog -quiet -vlog@lcompat -work work +incdir+$SRC_DIR ../../RTL/LB.v
vlog -quiet -vlog@lcompat -work work +incdir+$SRC_DIR ../../RTL/aw_ram_dp_sr_sw.v

vlog -quiet -vlog@lcompat -work work +incdir+$SRC_DIR ../../RTL/SNPC_cntrl.v
vlog -quiet -vlog@lcompat -work work +incdir+$SRC_DIR ../../RTL/SNPC.v

vlog -quiet -vlog@lcompat -work work +incdir+$SRC_DIR ../../TB/TB_SNPC_MNIST.v
# vlog -vlog@lcompat -work work ../../TB/SNPC/TB_SNPC_MNIST_ 10K.v

! 1
for {set 1 1} {%i <{incr i} {
puts "I run the Ue: 4$i"

vsim -quiet -t 1ps -g QUIT=6 -g IMG INDX="$i" -gINPUT SPIKE FILE="../input/RAM/TEST X/SPIKE IMG-$i.bin" \
-gOUTPUT_CLASSIF_FILE="../output/MNIST 10K V-1.0.txt" work.TB SNPC_MNIST

run -all

# quit -sim

add wave -group TOP /*

add wave -group TOP /output_spike cnt

add wave -group SNPCO /SNPCO/*

add wave -group SNPC1 /SNPCL/*

=

}

# quit -sim
exit

(1) Note: The MNIST simulation runs for 10 images by default. To change this number,
open ~/SNPC/RTL_SIM/script/ run_Local_MNIST.tcl in text editor and the number of
images can be changed to a maximum of 10,000. The simulation output is stored in
~/SNPC/RTL_SIM/output




Phase 3:
Synthesis with
Cadence Genus
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* Synthesis directory structure
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* Synthesis generated files and reports



Synthesis directory structure
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Synthesis with Cadence Genus

= Now that the SNPC RTL design is logically valid, it should be synthesized into design
which consists of only the standard cells and macros from the different libraries.
For this, the single layer network and Cadence genus tool will be used. The
synthesis is going to be done with a script. The script is written in TCL language,
and specify the synthesis configuration, files, and constraints like clock period,
input/output delay, library etc. The Nangate open cell library is used for this
synthesis.

= The synthesis is going to be done in the ~/SNPC/SYNTH directory. From terminal,
navigate to the ~/SNPC/SYNTH/ directory, or if you are using file explorer, go to
the directory, right click and select Open in Terminal.

= The SNPC has 256 neurons. But to be able to perform gate level simulation and the
post P&R simulation, we will synthesize for the single layer network with 10
neurons in the SNPC (Note: you can change the number of neurons in the SNPC to
256 before synthesis).




E?Steg 1: Environment and tool launch

ikechukwu@zxp007:~/Documents/3D_NASH_FTKMCR/TutoriallSNPC/SYNTH - o x
Eile Edit View Search Terminal Help

[ikechukwu@zxp@07 SYNTH]$ source ~/.cad.sh
1 [ikechukwu@zxp00®7 SYNTH]$ genus -legacy ui

(1) In terminal, type the following command to set the environment and launch
Cadence genus:

source ~/.cad.sh
genus -legacy _ui




Svnthesis Script

# Apply Constraints and generate clocks

set clock [define_clock -period ${myPeriod_ps}-name ${myCik} [clock_ports]]
external_delay -input SmyinDelay_ns -clock ${myCIk} [find { -port ports_in/*]
external_delay -output SmyOutDelay ns -clock $fmyCIk} [find [ -port ports_out/*]

# Script for SNPC Cadence Genus synthesis
# Use with syn-rtl -fril-script

# Set the search paths to the libraries and the HDL files

#Remember that "." means your current directory. Add more directories

# after the . if you like.

set_attribute hdl_search_path {.ISrc/}

set_attribute lio_search_path {./..ILIBI}

set_attribute library [list typical.lib output_sp_w8_b256_freepdk4b/sram_sp_w8_b256_freepdk45_TT_1p1V_25C.lib]
set_attribute information_level &

set myFiles [listLIF.v LIF_neuron.v SNPC.v SNPC_cntrl.v xbar.v common.v J;# All HDL files
set basename SNPC i# name of top level module

set myClk clk i# clock name

set myPeriod_ps 10000 i# Clock period in ns

set mylnDelay_ns 0.1 i# delay from clock to inputs valid

set myOutDelay_ns 0.1 i delay from clock to output valid

set runname net i# name appended to output files

s

#* below here shouldn't need to be changed... *
#1!!.!.!.!.!.!.)l!.11!!.!.!.!.!.!.)l!.1!.1!JU.!.!.!.!.!.)U.11!111111111111!1111111

# Analyze and Elaborate the HDL files
read_hdl ${myFiles}
elaborate ${basename}

= The synthesis script can be found in ~/SNPC/SYNTH/script/ directory. As shown in the
image above, the design source and libraries are specified then the timing parameters

are set before synthesis begins.

# Sets transition to default values for Synopsys SDC format,
#allirise 400ps
dc::set_clock_transition .4 SmyClk

# check that the design is OK so far
check_design -unresolved
report timing -lint

# Synthesize the design to the target library
synthesize -to_mapped

#Write out the reports

report timing > .freportsi${basename}_${runname}_timing.rep
report gates > ./reportsi${basename}_${runname}_cell.rep
report power > .freportsi${basename}_${runname}_power.rep
report area > .freportsi${basename} $frunname}_area.rep

#Write out the structural Verilog and sdc files

write_hdl -mapped > .Joutput_filesI${basename}_${runname}.v
write_sdc > .Joutput_filesi${basename}_${runname}.sdc
write_sdf > .Joutput_filesi${basename}_${runname}.sdf



g? Step 2: Begin Synthesis

Eile Fdit View Search Terminal Hs-lp

1 legacy genus:/> source script/snpc.tcl F

(1) In terminal, to run the synthesis script, type the following command:

source script/snpc.tcl



Generated Files and Reports

= When the synthesis is done, the generated netlist and constraint files are saved in
the ~SNPC/SYNTH/output_files/ directory. The hardware complexity reports (area,
cell, power, and timing) of both instances of SNPC are saved in the
~SNPC/SYNTH/reports/ directory.



Area Report

Generated by: Genus(TM) Synthesis Solution 18.13-s027_1
Generated on: Apr19 2021 10:16:36 am
Module: SNPC

Technology libraries: MNangateOpenCellLibrary revision 1.0
sram_sp_w8_b256_freepdkd5_TT_1p1V_25C_lib
Operating conditions: typical (balanced_tree)

Wireload mode: enclosed
Area mode: timing library
Instance Module Cell Count Cell Area D]‘Et Area Total Area Wireload

SNPC 3204 49002.671 U.UU-L!I-J 49002.671 }K_hvrat]o_1_1 (D)
XBAROD xbar_LAYER_INDX0_WEIGHT_WIDTHE_SPK_ARRAY_WI _ 2217 47267.553 0.000 47267.553 5K_hvratio_1_1 (D)
LIF_GEN[9].LIFO LIF_neuron_WEIGHT_WIDTH8_OUTPUT_REGO0_26 97 170.772 0.000 170.772 5K_hvratio_1_1 (D)
LIF_GENI[8].LIFO LIF_neuron_WEIGHT_WIDTH8_OUTPUT_REGOD_27 97 170.772 0.000 170.772 5K_hvratio_1_1 (D)
LIF_GEN[7].LIFO LIF_neuron_WEIGHT_WIDTH8_OUTPUT_REGO0_28 97 170.772 0.000 170.772 5K_hvratio_1_1 (D)
LIF_GENI[6].LIFO LIF_neuron_WEIGHT_WIDTH8_OUTPUT_REGO0_29 97 170.772 0.000 170.772 5K_hvratio_1_1 (D)
LIF_GEN[5].LIFO LIF_neuron_WEIGHT_WIDTH8_OUTPUT_REGO0_30 97 170.772 0.000 170.772 5K_hvratio_1_1 (D)
LIF_GENI[4].LIFO LIF_neuron_WEIGHT_WIDTH8_OUTPUT_REGO0_31 97 170.772 0.000 170.772 5K_hvratio_1_1 (D)
LIF_GEN[3].LIFO LIF_neuron_WEIGHT_WIDTH8_OUTPUT_REGO0_32 97 170.772 0.000 170.772 5K_hvratio_1_1 (D)
LIF_GENI[2].LIFO LIF_neuron_WEIGHT_WIDTH8_OUTPUT_REGO0_33 97 170.772 0.000 170.772 5K_hvratio_1_1 (D)
LIF_GEN[1].LIFO LIF_neuron_WEIGHT_WIDTH8_OUTPUT_REGO0_34 97 170.772 0.000 170.772 5K_hvratio_1_1 (D)
LIF_GENI[0].LIFO LIF_neuron_WEIGHT_WIDTH8_OQUTPUT_REGO a7 170.772 0.000 170.772 5K_hvratio_1_1 (D)
CNTLO SNPC_entrl 156 25.802 0.000 25.802 5K_hvratio_1_1 (D)

(D) = wireload is default in technology library

= The area report from synthesizing an SNPC with the single layer network is shown
in the figure above describing the ten neurons, their synapse memory contained in
the crossbar (xbar), and the control unit. The total area is depicted in 1




Power Report

Generated by: Genus(TM) Synthesis Solution 18.13-s027_1
Generated on: Apr 192021 10:16:36 am
Module: SNPC

Technology libraries: NangateOpenCellLibrary revision 1.0
sram_sp_wB8_b256_freepdk45_TT_1p1V_25C_lib

Operating conditions: typical (balanced_tree)

Wireload mode: enclosed

Area mode: timing library

Leakage Dynamic Total
Instance Cells Power(nW) Power(nW) Power(nW)

SNPC 3204 131531.155 2391192.834[2522723.989 | 1
XBARO 2217 94371.775 1790324.843 1884696.617
LIF_GEN[1].LIFO 97 3674.987 50217.790 53892.777
LIF_GEN[3].LIFO 97 3670.734 59367.429 63038.163
LIF_GEN[6].LIFO 97 3668.777 50887.476 54556.254
LIF_GEN[5].LIF0 97 3663.160 52133.784 55796.944
LIF_GEN[2].LIFO 97 3656.570 50652.893 5430.464
LIF_GEN[9].LIF0 97 3653.810 52437.971 56091.781
LIF_GEN[7].LIFO 97 3652.001 49376.049 53028.050
LIF_GEN[4].LIFO 97 3651.879 54303.068 57954.948
LIF_GEN[0].LIFO 97 3645.549 53134.886 56780.435
LIF_GEN[8].LIFO 97 3644.805 50285.061 53929.866
CNTLO 15 543.179 9930.136 10473.315

= The power report from synthesizing an SNPC with the single layer network is shown
in the figure above describing the ten neurons, their synapse memory contained in
the crossbar (xbar), and the control unit. The total power is depicted in 1




Cell Report

NOR3_X1 108 114.912 MangateOpenCellLibrary
Generated by: Genus(TM) Synthesis Solution 18.13-5027_1 NOR4_X1 170 226.100 NangateOpenCellLibrary
Generated on: Apr 19 2021 10:16:36 am OAI211_X1 24 31,920 NangateOpenCellLibrary
Module: SNPC OAI21_X1 136 144.704 NangateOpenCeliLibrary
Technology libraries: NangateOpenCellLibrary revision 1.0 OAI21_X2 5 9.310 NangateOpenCellLibrary
sram_sp_w8_b256_freepdk45_TT_1p1V_25C_lib OAI221_X1 103 164.388 NangateOpenGellLibrary
Operating conditions: typical (balanced_tree) 0AI222_X1 1 2.128 MNangateOpenCellLibrary
Wireload mode:  enclosed 0AI22_X1 25 33.250 NangateOpenCellLibrary
Area mode: timing library OR2_X1 46 48.944 NangateOpenCellLibrary
OR3_X1 43 57.190 HNangateOpenCellLibrary
OR4_X1 79 126.084 NangateOpenCellLibrary
Gate Instances Area Library XNOR2_X1 139 221.844 NangateOpenCellLibrary
XOR2_X1 205 327.180 MNangateOpenCellLibrary
AND2_X1 96 102.144 NangateOpenCellLibrary sram_sp_wB_b256_freepdk45 10 43797.583 sram_sp_wB_b256_freepdk45_TT_1p1V_25C_lib
AND2_X4 1 2.394 NangateOpenCellLibrary
AND3_X1 64 85.120 NangateOpenCellLibrary total 3204 49002.671
AND3_X4 1 2926 NangateOpenCellLibrary
AND4_X1 21 33.516 NangateOpenCeliLibrary
ADI211_X1 2 2.660 NangateOpenCellLibrary Library Instances Area Instances %
AOIZ1_X1 19 20.216 MNangateOpenCellLibrary
AOI221_X1 13 20.748 NangateOpenCeliLibrary NangateOpenCellLibrary 3194 99.7
AZZXI 1% 417088 NergetsoperCellirr Gram.sp_w. 5250 feepdhdsTT_p1V.25 205
CLKBUF_X1 80 63.840 NangateOpenCellLibrary
DFF_X1 389 1759.058 NangateOpenCeliLibrary
DFF_X2 1 5.054 NangateOpenCellLibrary Type Instances Area Area%
FA_X1 70 297.920 NangateOpenCellLibrary
INV_X1 545 289.940 NangateOpenCellLibrary timing_model 10 43797.583 89.4
INV_X16 1 4.522 NangateOpenCellLibrary sequential 390 1764.112 3.6
INV_X8 2 4,788 NangateOpenCellLibrary inverter 548 299.250 0.6
MUX2_X1 10 18.620 NangateOpenCellLibrary buffer 80 63.840 0.1
NAND2_X1 189 150.822 MNangateOpenCellLibrary logic 2176 3077.886 6.3
NAND2_X4 1 2.394 NangateOpenCellLibrary physical_cells 0 0.000 0.0
NAND3_X1 57 60.648 NangateOpenCeliLibrary
NAND4_X1 51 67.830 NangateOpenCeliLibrary
NOR2_X1 217 473.166 NangateOpenCellLibrary hotal 8204 40002.671 100.0

The cell report provides a report of the number of instances and area of each of
the library cell used for the design. 1 for the Nangate library and 2 for the SRAM
library




Timing Report

Generated by: Genus(TM) Synthesis Solution 18.13-s027_1 g:gg:';g::’ FA_X1 1 31'-391558;2 5845F
H 1 10:16:
s‘::z:.tadon SNPAgr 192021 10:16:36 am g3296/CO FA_X1 1 3.0 15 +72 5936F
| 3294/CI +19 5955
Technology libraries: NangateOpenCellLibrary revision 1.0 g
sram_sp_w8_b256_freepdkd5_TT_1p1V_25C_lib g::gﬁzﬂ FA_X1 5 9;;57 21; U;g? 6042 F
itions: ical (bal
E?riﬁzggﬂmﬁ:tonsen::yl'z;ad(baancad_tree) g3291/ZN OAI21_X1 2 39 35 +33 6092R
: iming li g3284/C1 +13 6105
frea mode timing ibrary g3284/ZN OAI211_X1 124 18 +28 6133F
g3277/A +15 6148
Pin Type Fanout Load Slew Delay Arrival ggg;gﬁ“ XNOR2_X1 1+;I26 11;? *41 6189F
() ipe) (P} fpe) g3272/Z2 MUX2_X1 3 54 14 +69 B265F
lock clk | h 5000 F g3269/A1 +15 6281
S::Birl:!l]c ) aune g3269/ZN NAND2_X1 2 40 15 +23 6304R
3265/A1 +14 6318
GEN_RAM[9].R0/clkD 400 5000 F g
GEN_RAM[9).R0/dout0[7] (P) sram_sp_w8_b256_freepdkd5 1 1.0 1 +305 5305F g3265/ZN NAND2_X1 1222.6 44 +58 6376F
dre_buf_sp58949/A +6 5311 g3263/A +20 6396
dre_buf_sp58949/Z CLKBUF_X1 351 16 +35 5347F g::giﬁ:‘ INV_X1 1 1;91 1145;3225 6421 R
XBARO/o_wspike[72
LIF GENEQ].IE:FU.‘E \N]splke[l]] g3261/ZN AOI221_X1 118 22 +17 6449F
g3323/A2 +11 5358 g3254/A +12 6461
g3323/ZN AND2_X1 130 7 +36 5394F g3254/ZN INV_X1 114 9 +17 6478R
g3305/Cl +10 5412 r_acc_V_reg[1]/D <<< DFF_X1 +0 G487 1
g3305/CO FA_X1 1 3.0 15 +69 b548B2F r_acc_V_reg[1)/ICK setup 400 +56| 6543 R
g3304/CI +19 5500 = memsessssssssssssssssssssssossssssssssssssoo-
a3304/CO FA_X1 1 3.0 156 +72 56573F (clock clk) capture 10000 R
g3302/ClI +19 5591
g3302/CO FA_X1 1 3.0 15 +72 5664F Timing slack: 3457ps
g3300/ClI +19 5682 Start-point : XBARO/GEN_RAM[9].R0/clk0
g3300/CO FA_X1 1 3.0 15 +72 5754F End-point : LIF_GEN[9].LIFO/r_acc_V_reg[1]/D
g3298ICI +19 5773

S (P) : Instance is preserved

= The timing report provides a report of the validation of timing performance of the
SNPC. This validation is done by checking all possible paths for timing violations. 1
shows the period of the SNPC.




Phase 4:

Gate Level Simulation with
Modelsim
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e Gate level simulation directory structure
* Environment and Modelsim simulation



E? Gate Level Simulation with Modelsim

= This is basically the same step as RTL simulation, only here the synthesized
SNPC source is simulated together with a SDF (standard delay format) file.
The synthesized SNPC source (netlist) is a structural description of the design,
with all the standard cells and macro’s (memory blocks) connected to each
other in the best possible way, for a functional and fastest design. The SDF
file contains of delay values for the used standard cells, and the interconnect
delays are guessed, because Design Compiler doesn’t contain any
interconnect information. These delay values are annotated into the
synthesized design and simulated.

= For this simulation, the same setup and MNIST dataset for RTL functional
simulation is used.




Environment setup

File Edit View Search Terminal Help

1 [ikechukwu@zxp@87 work]$ source ~/.cad.sh
[ikechukwu@zxpee7 work]$ modelsim]]

(1) To set the functional simulator working environment, from the terminal, navigate to
~/SNPC/GL_SIM/work/ . If you are using file explorer, go to the same directory, right click
and select Open in Terminal. Use the following command to set the environment and
launch modelsim.

source ~/.cad.sh

modelsim”




Begin Gate Level Simulation

ModelSim - INTEL FPGA STARTER EDITION 2021.1 = o x

Fle Edt View Comple Simulate Agd Transcript Tools Layout Bookmarks Window  Help

| Y2t I I |
‘ Layout Wﬂ “ CaolumnLayout |AllCc>lL1mns ﬂ “ |

. Libvary H & x]
[ Name [fype [patn | =
wark Library fhomefikechukwu/Documents/30 NASH...
220model Library SMODEL_TECH/. Jalteralvhdl 220model |
e 220MO_ver Lbrary  SMODEL_TECHY. faiteraveriog 220mods!
- alitera Libwrary SMODEL_TECH/. Jalteraivhdl altera
altera_insim Library SMODEL_TECH/. Jalteraivhilialtera_insim
altera_insim_ver  Library  SMODEL_TECHY. faiteraiverio/aitera L...
- alitera mf Libwrary SMODEL_TECH/. Jalteraivhdlaltera_mf
oo Alteramif_ver Library SMODEL_TECHY. Jalteralverilog/aitera_mf
. altera ver Library  SMODEL_TECHY. /aiteraveriloy/aitera
cyclaneligy Libary  SMODEL_TECH!. Jaterafvhdlicyclone10
cyclonelOgy hip  Lbrary  SMODEL_TECH. Jfaiteravhalcycionsld...
- cyclonelOgx_hip ve... Library SMODEL_TECH/. Jalteraiverilogicyclone...
s CychonelOge_hssi  Library  SMODEL_TECHY. Jateraivhdlicyclone10...
- cychnel0ge hssi v..Ubrary  SMODEL TECH/./alteraiveriog/cycione. .. y
1 ModelSim> do . . /script/run_Local MNIST.tcl|

<No Design Loaded> <No Caontext> i

(1) After launching modelsim, use the following command to run the simulation.
do ../script/run_Local MNIST.tcl




E? Modify Gate Level Simulation Script

set SRC DIR {..//Netlist/}
#set LIB DIR {../../../LIB/}

if {[file isdirectory work]} {
# this is a directory
} else {
vlib work

vlog -quiet -vlog@lcompat -work work +incdir+$SRC_DIR ../Netlist/SNPC net.v
vlog -quiet -vlog@lcompat -work work +incdir+$SRC_DIR ../../LIB/NangateOpenCellLibrary.v

vlog -quiet -vlog@lcompat -work work +incdir+$SRC_DIR ../TB/TB SNPC MNIST.v
# vlog -vlog@lcompat -work work ../../TB/SNPC/TB SNPC MNIST 10K.v

for {set 1 1} {%i {incr i} {

puts "I run the ge: $i"

vsim -quiet -t 1ps -g QUIT=0 -g IMG_INDX="$i" -gINPUT_SPIKE FILE="../input/RAM/TEST X/SPIKE IMG-$i.bin" \
-gOUTPUT _CLASSIF FILE="../output/MNIST 10K V-1.0.txt" work.TB_SNPC MNIST

run -all

#quit -sim

#add wave -group TOP /*

#add wave -group TOP /output spike cnt

#add wave -group SNPCO@ /SNPCO/*

#add wave -group SNPC1 /SNPC1/*

}

# quit -sim
exit

(1) Note: The MNIST simulation runs for 2 images by default. To change this number, open
~/SNPC/GL_SIM/script/ run_Local_MNIST.tcl in text editor and the number of images
can be changed to a maximum of 10,000. The simulation output is stored in
~/SNPC/GL_SIM/output




Phase 5:
Place & Route with
Cadence Innovus



E? Contents

* Place & Route (P&R) directory structure
* Environment

* Innovus P&R steps (Batch mode)

* Innovus P&R steps (GUI mode)



g? Place and Route directory structure

Functional Svnthesis Gate Level Place and Route Post P&R
Simulation y Simulatiion (P&R) Simulation

= checkpoints
Contains the
checkpoints
saved all along
P&R tutorial.

= jnput files
Contains the
files necessary
files for the
Place and
Route phase(.V
and .sdc)

= output files
Contains the
output files
from P&R.

" reports
Contains the
reports
generated from
the post P&R
compilation




Place and Route

= The place and route process places each macro from the synthesis netlist into
an available location on the target silicon and connects the macros using routing
resources available on the target silicon and technology. The place and route
tools read the netlist, extract the components and nets from the netlist, place
the components on the target device, and interconnect the components using
the specified interconnections.

= To perform the place and route, copy the files generated from the netlist from
~/SNPC/SYNTH/RTL_SYNTH/output files/ to ~/SNPC/PnR/input_files/. The
scripts for the place and place and route scripts are located in the
/SNPC/PnR/scripts/ directory. Two of the scripts “.global” and “view” are used
to set the parameters (libraries, constraints, netlist) and conditions for the place
and route. The next five scripts which their names begin with indexes from 0 to
5 are all scripts for various stage of the place and route stages: initialize, floor
plan, place macro, place standard cell, route, and finish. The final script without
index is used to call the other scripts during the place and route.




g? Place & Route (Batch Mode) (1/3)

ikechukwu@zxp007:~/Documents/3D_Ni

File Edit View Search Terminal Help

[ikechukwu@zxp8@7 PnR]$ source ~/.cad.sh
[ikechukwu@zxpe@7 PnR]% innﬂvusl

(1) To begin the place and route, navigate to ~/SNPC/PnR/ on terminal and type
the following commands to setup the environment and launch the innovus tool:

source ~/.cad.sh
innovus




E? Place & Route (Batch Mode) (2/3)

ikechukwu@zxp007:~/Documents/3D _NASH_FTKMCR/Tu

File  Fdit View Search  Terminal HFlp

1 [|innovus 3> source scripts/sNPC. tcll]

(1) After the innovus tool has been launched the graphical user interface will also be
launched. However, type the following command on the terminal to launch the

place and route script.  source scripts/SNPC.tcl

Note: The place and route will take some time to complete because the design is
somewhat large.




Place & Route (Batch Mode) (3/3

File View Edit Partition Floorplan Power Place ECO Clock Route Timing Verify Tools Windows Flows Help } or cadence
Layout [+]
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wometalt) N ¢
via1(1) Llvw
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= metal3(3) INNCAC4
via3(3) v
s metald(4) 4T
viad(4) flv v
~ometalss)  Nw &
vias(5) 40
- metal6(6) L0
via6(6) Dx ]
metal7(7) Ny v o
Detail Y Speed
E’ Click to select single object. Shift+Click to de/select multiple objects. 369.98300, 293.58950 Sell: (

(1) The image above is the output of the place and route, along with other outputs and
reports in the ~/SNPC/P&R/output files/ and ~/SNPC/P&R/reports/ directories
respectively.




Place & Route (GUI Mode)

File Edit View Search Terminal Help

[ikechukwu@zxp8@7 PnR]$ source ~/.cad.sh
[ikechukwu@zxpe@7 PnR]% innﬂvusl

(1) To begin the place and route, navigate to ~/SNPC/PnR/ on terminal and type
the following commands to setup the environment and launch the innovus tool:

source ~/.cad.sh
innovus




Innovus(TM) Implementation System 18.13 - /home/ikechukwu/Documents/HLS_EV.NN_v1.2/PrR -

Step 1: Import Design

All Colars

o

2l
 Blockage

= Row

Detall &

v
)
v
v
v
v
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A S Y
KKK

LR KSR KRR KSR KSR

Design Import

Netlist:
® Verilog
Files:

Top Cell: . Auto Assign & By User:
~ DA

Technology/Physical Libraries:
& 0A
Reference Libraries:
Abstract View Names:
Layout View Names:
« LEF Files
Floorplan
10 Assignment File:
Power
Power Nets;
Ground Nets;
CPF File:
Analysis Configuration
MMMC View Definition File:

Create Analysis Configuration ...

m Save... Load... Cancel

(1) Click on File -> (2) Import Design




Import design- Netlist File

Design Import

Netlist:

& Verilog

Files:

— DA

Top Cell: Auto Assign & By User:

Technology/Physical Libraries:

2 DA
Reference Libraries:
Abstract View Names:
Layout View Names:
« LEF Files
Floorplan
10 Assignment File:
Power
Power Nets:
Ground Nets:
CPF File:

Analysis Configuration

MMMC View Definition File:

Create Analysis Configuration ...

Load... Cancel

Help

Netlist Files

Netlist File:

[

2
@ (-

Netlist Files:

Close
)

Delete

SN

Netlist Files

Metlist File:

Netlist Files:

@ -
o

Delste

Netlist Selection:

|E3 fruterialiswpcrpar

checkpoints innovus.cmd4 [ PLACE
il 5 [ PLAN

README.INNOVIS

[EJ reports
B3 scripts
TEMPLATES
timingReparts

COPYRIGHT
[0 Defaultview

innovus.cmd

Filters: Metlist Files (*.v*)

&5\
X

|D fTutorial/ SNPC/P&R (copy)finput_files

chBC potedr
[ |SNPC_netw

4

(1) Click Files to import the netlist. (2) Click on >> to expand. (3) Go to ./input_files

folder. (4) Double click on SNPC_net.v. (5) Click Close until you get to Design import
window.




Import design- LEF Files

Design Import - o x
Netlist:
& Verilog 1
Files{[Tutorial/SNPC/PER L ||
Top Cell Auto Assig Usarl SNPC '
< OA

Technology/Physical Libraries:

— 0A

Reference Libraries:

w Names:|

out View Names:

Floarplan

10 Assignment File:

Power

Fower Nets:

Ground Nets:

CPF File:

Analysis Configuration

MMMC View Definition File:
Create Analysis Configuration ...

m Save... Load... Cancel Help

LEF Files

LEF File:

LEF Files:

Close
——

LEF Files X

LEF File:

encelluibrary lef (XD <<

LEF Files:

/LIB/NangateOpenCellLibr

LEF Selection:

Filters: |LEF Files (* lef) I '

Close j
—_—

[ mutorial/SNPC/LIB/output_sp_wa_b256_freepdk4s

functional_stim.sp
sram_sp_w8_b256_freepdk45.gds
sram so wa b6 frespdlds himl
(ﬂ fsram_sp_w8_b256_freepdkas.lef |
TR T 0o | A ] g 7
freepdk43.lvs.sp
freepdkds.py

256 freendk4s.so

(1) In Top Cell: type SNPC. (2) Click on LEF files. (3) Click on ... to add LEF files (4) Click on
>> to expand and go to ~¥/SNPC/LIB folder. (5) Double click on NangateOpenCellLibrary.lef
and sram_sp_w8 b256_freepdk45.lef (6,7) Click Close until you get to the Design import

window




Import design- Analysis Setup (1/9

. - =] x
Design Import - o x RIKHEE o=
Analysis View List Wj Wizard Help
Netlist: Analysis Views l EHLibrary Sets
etup Analysis Views This wizard will assist you in
& Verilog Hold Analysis Views - OP Conds specifying the necessary

! Bl Delay Corners I ation to configure the system
Files: Tutorial/SNPC/P&R . 5 Cometraint Mades ?ﬁ:&% LUBHE A
Top Cell: Auto Assign ® By User: SNPC and timing an A Add Library Set - o x

Lyl e efault I
available, itisr
you configure | Timl iles Sl Library Files

completely as
of the implem
through signot
If not, you can
configuration,
proceed throu,

Add.

If you are com Delete
MMMC Browst
NE [T Wizard Off bu
t View Names: help dialog, an
& LEFFiles J/LIBfoutput_sp_w8_b256_freepdk4S/sram_sp_w8_b256_freepdk45.lef own pace. Timing Library Files x
Floorplan Timing Library File:
10 Assignment File: For additional m Aenly oz %]m —
1 design Import, piess e mea E A=
Power button
Power Nets: VDD /
Ground Mets: VS5 /

|
CPF FIlE ;I

Analysis Configuration

Next
2 SR a2
MMMC View Definition File: =]
AL —I Save&Close... Load... Delete Reset Preferences... Wizard Off Close Help
[ Create Analysis Configuration ...

m Save... Load... Cancel Help

Delete

Close

(1) Click on Create Analysis Configuration. (2) Double click on Library Sets in the MMMC
Browser window (3) On the add Library Set window, type default in Name (4) Click on
Add.




Import design- Analysis Setup (2/9)

Timing Library Files x
Tln'lll'ig lerary Files ME Timing Library selection:
grypicallic | ( XZD) <<

. ) Timing Library Files:
Timing Library File:

x

B3 rrutorialisnpc

[-
o RTL_SIM.ZIp
[ T
Timing Library Files: P&R (copy,
3 Post_P&R SIM (@)
B RTL.SIM \M NPC/LB hw |
i RTL_SIM(2 layer network) X
Add Library Set - o x £ RTL_SIM (copy)
RTL_SIM_ald
Name: default
Timing Library Files Sl Library Files
Filters: Timing Library Files (*.lib) [~ |
Add... Add... Delate
e e L
Delete Delete P .
— sram_sp_w8_b256_freepdkds.w

sram_sp_w8_b256_fradepdk45_extended.py

[0 sram_sp_w&_b256_frekpdk4s_FF_1p0OV_25C.lib
Apply Close Help

[0 sram_sp_w8_b256_fredpdk4ds_55_1p0V_25C lib

fsram_sp_w8_b256_freepdkd5_TT_1p1V_25C.iib:

_dlose 10

(7) In the Timing Library Window, go to ~/SNPC/LIB and (8) select typical.lib. (9,10) select

Sram_sp_w8 b256_freepdk45 TT 1p1lV_25C.lib. Click close(Timing Library Files) and
then OK(Add Library Set)




g? Import design- Analysis Setup (3/9)

MMMC Browser

Analysis View List MMMC Objects

Wizard Help

B~ Analysis Views Billbrarysets ...
Setup Analysis Views #- RC Corners ’I
Hold Analysis Views B2 oo

This wizard will assist you in

B
2 specifying the necessary

I - Delay %\ information to configure the system
BT COnet, s

RC extraction, delay calculation,
and tin

It you have all the necessary data
available, it is recommended that
you configure the system as
completely as possible for all steps
of the implementation flow -
through signoff.

If not, you can always update the
configuration, if necessary, as you
proceed through the flow.

If you are comfortable using the
MMMC Browser, you can use the
Wizard Off button to remove the
help dialog, and proceed at your
own pace.

For additional assistance with
design import, press the Next
button

Brev. Next
= —
Save&Close... Load... Delete Reset Preferences... Wizard Off Close Help

2

Add Delay Corner -

Narhe: default

Power Domain List

= *

Apply

Type
— On Chip Variation ® Single/BcWc
Attributes

RC Corner: 3

Library s4t default i

OpCond Lib:|

OpCond:

IrDrop File:
Early

Library Set;

rDrop File:

Close Help

(1) Double click on Delay Corners in the MMMC browser window. (2) On the Add
Delay Corner window, type default in Name. (3) Change the Library Set to default.

(4) Click OK




Import design- Analysis Setup (4/9)

MMMC Browser - o x
Analysis View List MMMC Objects Wizard Help
Analysis Views B{Library Sets
Setup Analysis Views rs This wizan 2
B Hold Analysis Views Conds specifying

Add Constraint Mode

SDC Constraint Files X

infarmatic pam ;| default
for RC exti

WSD onstraint Files

It you hav
available, i
you config
completel

through si

Apply

ILM Constraint Files

of the imp Add...

If not, you Delete
—_—

Close

Help

For additional assistance with

button
Prey, Next
=

Save&Close... Load. Delets Reset Pref; Wizard Off Cl Help

SDC Constraint File:

A
l Add
x_J

SDC Constraint Files:

SDC Constraint Files

SDC Constraint File:

@ -
>

SDC Constraint Files:

SDC Constraint Selection:

| B3 mutorial/SNPC/PER (copy)

seripts
TEMPLATES
9 timingReports

COPYRIGHT

Default.view

| ITutorial/ SNPC/P&R (copy)/input_files

lD SMPC_net.sdc |6

SNPC_netv

(1) Double click on Constraint Modes in the MMMC browser window. (2) On the Add
Constraint Mode window, type default in Name. (3) Click on Add. (4) In the SDC Constraint
File window, CLICK >> . (5,6) Go to ./input_files and select SNPC_net.sdc. Click Close(SDC

Constraint File window) and then Ok (Add Constraint Mode window).




Import design- Analysis Setup (5/9

MMMC Browser - o x

1
Analysis View List 1 MMMC Objects Wizard Help
- Analysis Views 9illbrary Sets |
- RC Corners This wizard will assist you in

specifying the necessary
information to configure the system
for RC extraction, delay calculation,
and timing analysis.

Hold Analysis Views

completely as possible for
of the implementation flow -
through signoff.

If not, you can always update the
configuration, if necessary, as you
proceed through the flow.

Add Analysis View - 0 x

Nam[e:ldefault ]Z J
If you are comfortable using the
[ETATHIE B e, e G e T Constraint Mode: default n

Wizard Off button to remove the
help dialog, and proceed at your
own pace.

Delay Corner: default

——————

oK Apply Close Help
For additional assistance with e
design import, press the Next
button 3
Eray, Next
=y —
Save&Close... Load... Delate Reset Preferences... Wizard Off Close Help

(1) Double click on Analysis Views in the MMMC browser window
(2) On the Add Analysis View window, type default in Name
(3) Click OK




MMMC Browser - o x

Analysis View List 1 MMMC Objects Wizard Help
B1- Analysis Views - Library Sets :

B~ Setup Analysis Views RC Corners This wizard will assist you in
B FoId Analysis Views ~d

specifying the necessary
information te configure the system
for RC extraction, delay calculation,
and timing analysis.

u have all the necessary data
it is recommended that

of the implementation flow™
threugh signoff.
If nat, you can always update the

configuration, if necessary, as you

Add Setup Analysis View - O

Apply Close Help

1
proceed through the flow.
If you are comfortable using the é
MMMC Browser, you can use the _
Wizard Off button to remave the Al'lal'_fslS View: default n
help dialog, and proceed at your -
oW pace.

For additional assistance with
design import, press the Next
button

Next
= —
Save&Close... Load... Delete Reset Preferences... Wizard Off Close Help

(1) Double click on Analysis Views in the MMMC browser window
(2) On the Add Setup Analysis View window, type default in Name
(3) Click OK




Import design- Analysis Setup (7/9)

MMMC Browser - o X
Analysis View List MMMC Objects ‘Wizard Help
- Analysis Views 1 whillbrary sets |
- Sefup +- RC Corners,

This wizard will assist you in
specifying the necessary
information to configure the system
for RC extraction, delay calculation,
and timing analysis.

B Hold Analysis Views G- OP Conds

Delay Corners

It you have all the necessary data
avallable, it is recommended that

of the implement
through signoff.
If not, you can always update the
configuration, if necessary, as you
proceed through the flow.

Add Hold Analysis View - 0O X

If you are comfortable using the
MMMC Browser, you can use the
Wizard Off button to remove the
help dialog, and procesd at your
own pace.

Analysis View: default n

2

Apply Close Help

For additional assistance with
design import, press the Next
button

Brey, Next
i —_—
Save&Close... Load... Delete Reset Preferences... Wizard Off Close Help

4

(1) Double click on Setup Analysis Views in the MMMC browser window
(2) In the Add Setup Analysis View window, make sure that Analysis View is
set to default (3) Click OK. (4) Click save&close.




MMMC Browser - o x

Analysis View List MMMC Objects Wizard Help
Analysis Views 1 Eillbrarysets .
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It you have all the necessary data
available, itis recommended that
you configure the system as
completely as possible for all steps
of the implementation flow -
through signoff.

If not, you can always update the ﬁpph{ El 05e HEIP
configuration, if necessary, as you
proceed through the flow.
Save MMMC View Definition File X
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MMMC Browser, you can use the . N .
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help dialog, and proceed at your '@ Computer checkpoints
Own pace. Ikechukwu EXAMPLES

input_files
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design import, press the Next scripts
button TEMPLATES

timingReports
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—

Reset Preferences... Wizard Off Close Help 5

Save&Close...

-
- I

File name: ] m

Files of type: MMMC View Definition File (*.view*) Cancel

4

(1) Double click on Hold Analysis Views in the MMMC browser window. (2) In the Add Hold
Analysis View Window, make sure that Analysis View is set to default. (3) Click OK. (4) Click
on Save&Close... in the MMMC browser window. (5) Click Save
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Design Import - o x
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In the welcome screen, we can see the modules of SNPC before placement. We should
save the progress at each step. (1) Click File-> (2) Save Design (3) Check Innovus (4)
Click on the folder icon. (5) Select the checkpoints folder (6) Save file as import.enc (7)

Save and click OK
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Step 2: Specify Floorplan

Specify Floorplan
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(1) In this step we specify the floorplan Click Floorplan-> (2) Specify Floorplan. (3)
Check Die Size by. (4) Enter 370 for Width and 220 Height. (5) Enter 15 for e Core to
Left ¢ Core to Right ¢ Core to Top ¢ Core to Bottom. (6) Click OK




Step 3: Add Halo to Bloc
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Q|| 2] | crick to select single object. Shift+Click to de/select multiple objects. 201.66550, 532.90000

(1) In this step we specify the floorplan Click Floorplan->. (2) Edit Floorplan. (3) Click
Edit Halo (4) Enter 0.5 for eTop ¢ Bottom eLeft *Right. (5) Click OK




Step 4: Add Core Rings
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(1) In this step we specify the floorplan Click Power-> (2)Select Power Planning. (3)
Click Add Rings (4) Select VDD VSS. (5) Select metal7H for  Top and ¢ Bottom (Layer),
select metal6V fore LEFT and ¢ Right (Layer). Enter 0.6 for Width and 0.5 for Spacing.
(6) Check Offset Center in Channel (7) Click OK




Step 5: Place Macro (1/2

1
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(1) Click on Floorplan (2) Select Generate floorplan. (3) Click on Place Macro.
(4) Click OK




A Step 5: Place Macro (2/2)

1
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(1) Click on Floorplan. (2) Select Floor Plan Toolbox. (3) Select the SRAM macros by
holding Ctrl and left clicking on them. (4) Set the Shift value to 11. (5) Click on the right
arrow, and (6) the up arrow to shift once in each direction




Step 6: Add Block Rings
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(1) In this step we specify the floorplan Click Power-> (2)Select Power Planning. (3) Click
Add Rings (4) Select User defined coordinates. (5) Select Block ring. (6) Enter the values
26.51 26.645 26.51 168.17 342.5575 168.17 342.5575 26.245 for the clock ring
coordinates. (7) Click OK




Step 7: Add Power Stri
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(1) Click on Power-> (2) Power Planning-> (3)Add Stripe. (4) Input VDD VSS in Nets(s): (5)
Change Layer to metal 6, (6) Set: ® Width to 0.4 ¢ Spacing to 0.5, (7) Change Set-to-set-
distance to 50. (8) Click on Mode. (9) Check Options. (10) Check Block Rings. (11) Click OK




E? Save Design Progress- Checkpoint
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In the welcome screen, we can see the floorplan and the placed macros. Save the
progress. (1) Click File-> (2) Click on Save Design (3) select Innovus. (4) Enter the
checkpoints directory, and save the design progress as SNPC.post_mplace.enc. (5) Click

=0 OK e




Step 8: Place Standard Cell
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EI@ Click to select single object. Shift+Click to de/select multiple objects. -245.96400, 539.87900 Sel

Now we place the SNPC modules on the die: (1) Click Place-> (2) Place
Standard Cell. (3) select Run Placement in Floorplan Mode. (4) Click OK




E? Save Design Progress- Checkpoint
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In the welcome screen, we can see the floorplan and the placed macros. Save the
progress. (1) Click File-> (2) Click on Save Design (3) select Innovus. (4) Enter the
checkpoints directory, and save the design progress as SNPC.post_place.enc. (5) Click on
OK




Step 9: Power Routin
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(1) Click on Route-> (2) Special Route. (3) Input VDD VSS in Nets(s): (4) Click OK




E? Save Design Progress- Checkpoint
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In the welcome screen, we can see the floorplan and the placed macros. Save the
progress. (1) Click File-> (2) Click on Save Design (3) select Innovus. (4) Enter the
checkpoints directory, and save the design progress as SNPC.post_sroute.enc. (5) Click
on OK




Step 10: Clock Tree Synthesis

File Edit View Search Terminal Help

innovus 2=|setCTSMode -engine ccopt

*+WARN: (IMPCR=BUEG TiTE command SJtCTSMDde is obsolete and will be removed i

n the next release. This command still works in this release, but by the next re

lease you must transifion to fhe CCOpt-hacged (TS flow

innovus 3=|create ccopt clock tree -name MY CLK -source clk

Extracting ©original CLOCK gating for MY CLK... :2
clock tree MY CLK contains 400 sinks and © clock gates.
Extraction for MY CLK complete.

Extracting original clock gating for MY CLK done.

innovus 4>|ccopt design] :3

To perform the clock tree synthesis, we have to use the following commands on
the terminal from which we launched innovus.

(1) setCTSMode —engine ccopt

(2) create_ccopt_clock _tree —name MY _CLK —source clk

(3) ccopt_design




E? Step 10: Clock Tree Synthesis Report

File Edit View Search Terminal Help

innovus 53 report ccopt clock trees -file ./reports/clock trees. rpt' 1

ikechukwu@zxp007:~/Documents/3D_NASH_FTKMCR/Tutorial/SNPC/P&R_new - O X

File Edit iew  Search  Terminal I-Ip-lln

innovus 73 report ccopt skew groups -file ./reports/skew groups.rpt]] 2

ikechukwu@zxp007:~/Documents/3D _NASH_FTKMCR/Tutoria/lSNPC/P&R_new - O X

File Edit View Search Terminal Help

innovus 9> report timing -unconstrained -delay limit 20 > ./reports/timing repor
t postcCopt. rptl] 3

To generate clock tree synthesis report, we have to use the following commands when
the clock tree synthesis is complete.

(1) report_ccopt clock trees -file ./reports/clock trees.rpt

(2) report_ccopt _skew _groups -file ./reports/skew_groups.rpt

(3) report_timing -unconstrained -delay _limit 20 >
.Jreports/timing_report_postCCopt.rpt
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Save the progress. (1) Click File-> (2) Click on Save Design (3) select Innovus. (4) Enter
the checkpoints directory, and save the design progress as SNPC.post_cts.enc. (5) Click

on OK




Step 11: Global Route
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Perform early global route. (1) Click Route-> (2) Click on Nanoroute -> Route.... (3) Check
Timing Driven. (4)Click on OK




Step 12: Optimization- Settin
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(1) Click on Tools-> (2) Set Mode-> (3) Specify Analysis Mode. (4)Check On-Chip
Variation and then (5) Click OK




Step 12: Optimization
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(1) Click on ECO-> Optimize Design. Check Post Route and then click OK




Step 13: Add Fillers
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(1) Click on Place -> (2) Physical Cells-> (3) Add Filler. (4) Click Select. (5) Select
FILLCELL_X1,2,4,8,16,32. (6) Click ADD. (7) Click Close. -> Click OK




E? Save Design Progress- Checkpoint
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Save the progress. (1) Click File-> (2) Click on Save Design (3) Enter the
checkpoints directory, and save the design progress as SNPC.post_route.enc.

(4) Click on OK




g? Step 14: Verification- Connectivity
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Verify Connectivity. (1) Click Verify-> (2) Click on Verify Connectivity. (3) Click on OK




Step 14:Verification- Geometr
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Verify Connectivity. (1) Click Verify-> (2) Click on Verify Geometry. (3) Click on OK
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Verify Connectivity. (1) Click Verify-> (2) Click on Verify DRC. (3) Click on OK
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Extract Output files: (1) Click on Timing-> (2) Extract RC. (3) Check Save SPEF to.
(4) Click OK
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Extract Output files: (1) Click on Timing-> (2) Write SDF. (3) Click OK
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Save the progress. (1) Click File-> (2) Click on Save-> Netlist (3) Click on OK




Save Final Design- Checkpoint
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Save the progress. (1) Click File-> (2) Click on Save Design (3) Enter the
checkpoints directory, and save the design progress as SNPC.final.enc. (4)
Click on OK




