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EECS E6321 Tutorial 05
Top-level APR

Mingoo Seok & Previous TAs
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Semi-Custom Design Flow: Block-level

Functional
verification

Post-synthesis
Dynamic timing verification

Design
Compiler

ModelSim
VCS

Post-synthesis
Static timing verificationPrimeTime

Post-synthesis
Power analysis

Automatic Placement and 
Routing (APR)

Encounter

Behavioral Verilog (RTL)
*.v

Logic synthesis

std. cell lib
*.db *.sldb

Structural Verilog *.nl.v
Timing info. *.sdf

Testbench 
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Layout
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Semi-Custom Design Flow – Top-level

Final post-PEX verification

Top-level APR

Encounter

Layout

DRC/LVS Check

Virtuoso

Blocks with layout
- Semi-custom designed block
- Full-custom designed block

- I/O pads

Virtuoso

TAPE OUT
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Top-Level APR
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What should We Do?

§ Draw power grids
§ Place blocks and std cells
§ Create clock distribution networks
§ Route signals among them
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What should We Do?

§ Place I/O cells and bonding pads (or bumps if it is a flip chip)
§ We will not do this
§ However, the ref project has the sample script that you can refer

PAD
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§ top.v (In ‘rtl’ directory)
§ Top-level structural 

model
§ A tool uses the .v file 

and the .lef file to 
perform routing

Important Files
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§ In this lab, we used 
two VDD:  VDD and 
VDD_TEST. 

§ You need to specify 
VDD & VSS as ports 
in module 
description and 
instantiation

Global VDD vs. Local VDD
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§ In the innovus directory
§ top.tcl

§ Includes general setting and commands for Innovus design flow
§ config.globals

§ Input configuration file
§ Sets the design, I/O file, .lef file

§ top.io
§ I/O assignment

§ No mmmc.view file (No timing constraint)

§ run_apr: run innovus w/o GUI
§ makecdl.sh: A Perl script converting the .PG.v file (Verilog) to 

the .cdl file

Important Files



10

§ Step 1) Setup the target design and APR environments 

top.tcl
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§ Step 2) Create the floorplan and place blocks

top.tcl

dut_inst

test_clkgen_instscan_chain_inst
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§ Step 3) Generate power rails

top.tcl
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§ Step 3) Generate power rails

top.tcl

MQ layer (M7)

Draw VDD and VSS 
alternately
They are connected 
to blocks’ M3 rails

MV layer (M7)
(in the top.tcl, 
we use 
horizontal 
strips)
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§ Step 4) Set all the input/output ports

§ We skip
§ Step 5) Place design
§ Step 6) Do preCTS optimization
§ Step 7) Do clock tree synthesis (CTS)
§ Feel free to try later yourself

top.tcl
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§ Step 8) Route signals
§ Set routing options through ‘setNanoRouteMode’ command first
§ Do ‘globalDetailRoute’

top.tcl
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§ Step 9) Extract

§ We skip
§ Step 10) Add fillers. à but you must do it; w/o it, you cannot pass DRC

top.tcl
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§ Step 11) Verify
§ Step 12) Generate outputs

§ There should be no violations from all the reports
§ $(design_name).conn.rpt
§ $(design_name).geom.rpt

§ Output files
§ $(design_name).summary.rpt
§ $(design_name).final.def
§ $(design_name).gds
§ $(design_name).lef
§ $(design_name).(phy/nophy).v
§ $(design_name).(verilog).sdf
§ $(design_name).spef

§ There are no output files related to timing

top.tcl



18

§ When we generated the .cdl file after block-level APR, we use 
the standard cell .cdl file

§ Then, we use the .cdl file including sub-block netlists to 
generate the output .cdl file after top-level APR

§ Now, we have top.cdl and top.sp (same)

.cdl Generation

makecdl.sh 



19

§ We need to do Verilog simulation to verify functionality
§ qsim_apr/tb_chip

Post-APR Verilog Simulation

runsim.do
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§ When importing .gds file at the Virtuoso, we need to use 
different ‘Reference library list’ (a.k.a. refLib.list)

§ /ref/virtuoso/refLib/refLib_top.list à 

.gds Import

scan_chain_inst test_clkgen_inst

dut_inst
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§ DRC/LVS check can be done in 
the same way as introduced in 
the previous tutorial 
§ However, you need to change the 

input netlist file (Spice Files) as .cdl 
generated from APR in LVS

§ Also, uncheck ‘Export from 
schematic viewer’

DRC/LVS Check

DRC Clean LVS Clean

LVS Setting

* Ignore the Density 
Rule in this stage 
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End of the Slides


