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Semi-Custom Design Flow: Block-level
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What is APR?
Auto placement & routing
Based on physical constraints (e.g., area, metal blockage), 
the tool places instances (modules or standard cells) and 
connects them using wires and vias
We use APR when
1. We implement the digital module, which is made of standard cells after 

synthesis
2. We want to connect all modules, including std cell-based and full 

custom, on the higher level (You will need abstract of all modules (.lef))
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Design Implementation Flow
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Cadence Innovus
§ Cadence Innovus provides an integrated solution for an RTL-

to-GDSII design flow
§ The previous Cadence APR tool was called Encounter, but they make a 

new platform called Innovus
§ We will use Innovus

§ Some Encounter commands don’t work in Innovus

§ You can find the Innovus manuals at
§ /tools/cadence/INNOVUS191/doc/innovus*…
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§ Copy files from
§ /courses/ee6350/proj_2025Spring/ref/innovus/

§ down_counter: example

§ /courses/ee6350/proj_2025Spring/ref/qsim_apr
§ down_counter: example

To Start with…
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Important files
§ down_counter.tcl

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

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

§ mmmc.view
§ Multi-Mode Multi-Corner (MMMC) setup file
§ It will be used to implement the design that can operate across 

different conditions
§ We will consider only one condition: TTTT 
§ Typical NMOS, typical PMOS, typical temperature, and typical voltage

§ down_counter.io
§ An I/O assignment file

§ makecdl.sh
§ A script converting the .v file (Verilog) to the .cdl file
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§ Command: $innovus
§ In this tutorial, it is better to run the Innovus in interactive 

mode using the GUI to actually see what each line of the 
script is doing
§ Start Innovus in a GUI
§ Open up the .tcl file in another terminal
§ Copy & paste each line of code into the encounter terminal

§ If you are not sure about a command/script line, recommend 
to use “man” commands

§ Once you become familiar, use the Innovus in the shell script 
mode as usual
§ Please see the Makefile or run_apr.sh

How to Run Innovus
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§ Step 1) Set up design and set parameters for the floorplan

down_counter.tcl
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§ Step 2) Create the floorplan

down_counter.tcl

CORE
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§ Step 3) Generate power rails

down_counter.tcl

M1 layer

M2 layer
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§ Step 4) Set all the input/output ports

§ I/O file format:
§ Pin: net_name location (NESW) metal# pin_width pin_length
§ Use the Offset & Spacing commands to place the pins at the locations 

you want (Origin is at the bottom-left corner)
§ You can automate making an io file using Python 

down_counter.tcl
down_counter.io
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§ Step 5) Place design
§ set(Design/Route/Place)Mode → place_design

down_counter.tcl
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§ Step 5) Place design
§ set(Design/Route/Place)Mode → place_design

down_counter.tcl

Pin position



15

§ Step 6) Do preCTS optimization

down_counter.tcl
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§ Step 7) Do clock 
tree synthesis (CTS)
§ set_ccopt_property

→ ccopt_design

down_counter.tcl
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§ Step 8) Route signals
§ Route the critical signal first
§ setNanoRouteMode → globalDetailRoute
§ setNanoRouteMode –quiet –routeSelectedNetOnly true/false

down_counter.tcl
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§ Step 8) Route signals
§ Route all other nets

down_counter.tcl

resetn
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§ Step 9) 
Extract and 
optimize

§ setOptMode
§ optDesign

down_counter.tcl
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Step 10) Add fillers

down_counter.tcl

Fillers The filler is added to connect all N-wells 
to avoid DRC violations (min N-well 
spacing) and to avoid density issues
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§ Step 11) Verify
§ Step 12) Generate outputs

§ There should be no violations from all the reports
§ final.cap.tarpt (Violation on ‘clk’ node is allowed)
§ $(design_name).antenna.rpt
§ $(design_name).conn.rpt
§ $(design_name).critnet.rpt
§ $(design_name).geom.rpt
§ $(design_name).hold/setup.rpt

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

down_counter.tcl

Two .sdf files are generated
- $(design_name).sdf is for top-level APR
- $(design_name).verilog.sdf is for post-

APR Verilog simulation
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§ Step 11) Verify
§ Step 12) Generate outputs

§ There should be no violations from all the reports
§ final.cap.tarpt (Violation on ‘clk’ node is allowed)
§ $(design_name).antenna.rpt
§ $(design_name).conn.rpt
§ $(design_name).critnet.rpt
§ $(design_name).geom.rpt
§ $(design_name).hold/setup.rpt

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

down_counter.tcl
lfsr1.setup.rpt

lfsr1.summary.rpt

Pure gate density = 65%
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§ Circuit Description Language (CDL) is a kind of netlist, a 
description of an electronic circuit

§ After generating the .v file from APR, we need to generate 
.cdl file for circuit-level simulation and LVS check
§ .cdl netlist will be compared to the layout instead of .sp netlist

§ Command: $perl v2lvs.pl $(design_name)
§ This command runs the Perl script
§ You can use the ‘makecdl.sh’ shell script or Makefile

.cdl File
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§ We need to do a Verilog dynamic simulation to verify functionality
§ We can do SPICE/Spectre simulation. But since it takes much more time, it 

should be used for timing and power consumption, rather than 
functionality

Post-APR Verilog Simulation

Gate-level netlist from APR &
std. cell library

It can be done in the tb

runsim.do

tb_down_counter.v

Delay info (sdf) annotation
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GDS Import into Cadence 
Virtuoso
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§ After running the APR, you will obtain a GDS file.
§ You can import the GDS file into Cadence Virtuoso to create 

the layout view 
§ In the Cadence Virtuoso environment, you can run LVS and 

DRC using Siemens/MentorGraphics Calibre

§ You will do various jobs (e.g., parasitic extraction) on the 
layout view in the Cadence Virtuoso environment, and 
eventually export the layout to a GDS file 

§ We will submit this GDS file to a foundry for the actual 
tapeout

§ Please refer to or load /virtuoso/gds_import.template

.gds File
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1. Generate ‘refLib/refLib.list’ at your 
Virtuoso directory, like the picture on the 
right

2. Run Virtuoso and make the library (Need 
to attach the technology ‘tsmcN65’)

3. Select CIW → File → Import → Stream…
4. Change the settings as below

Stream File: .gds file generated from APR
Library: The name of lib. made from (2)
Top Cell: Block name
View: layout
Attach Tech Library: tsmcN65
Layer Map – File Name: 
/courses/ee6350/pdk2025/CMN65GP/T-N65-CM-SP-018-
K3_RF_1p9m_6X1Z1U_ALRDL/tsmcN65/tsmcN65.layermap

5. Click the ‘More Options’ button and move 
to the ‘Mapping’ tab

6. Load ‘refLib.list’ file in ‘Ref Lib File Name.’
7. Click the ‘OK’ button, and ‘Translate.’

How to Import the .gds File
refLib.list
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Imported Layout
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§ DRC/LVS check can be done in 
the same way as introduced in 
EECS 4321
§ 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
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Overview 

Behavioral Verilog
*.v

testbench  
tb*.v

functional
verification

post-synthesis  
dynamic timing verification

Structural Verilog
*.nl.v

std. cell lib
*.db *.sldb

constraints
*.sdc

Design  
Compiler

ModelSim

Timing info.
*.sdf

ModelSim

static timing verificationPrimeTime

power analysis

Memory Compiler 
(*.v, *.lib, & *.vclef)

Memory 
Compiler

Encounter

Automatic Placement and Routing
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Memory Compiler
§ Using the SRAM memory compiler, one can generate single 

and dual-port, high speed and high density SRAM.

§ Located at:
/tools/misc/EE6321/arm/tsmc/cln65gplus/

§ Flavors
§ rf_2p_hde_svt_rvt_hvt : High Density Two-Port Register File 

Compiler
§ rf_sp_hdd_svt_rvt_hvt : High Density Single-Port Register File 

Compiler
§ rom_via_hde_hvt_rvt_hvt : High Density ROM Complier
§ sram_dp_hdc_svt_rvt_hvt : High Density Dual-Port SRAM Compiler
§ sram_sp_hdc_svt_rvt_hvt : High Density Single-Port SRAM Compiler

§ Documents are available
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SRAM Generator Feature
Optimized for High Speed/High Density or Low-Power or 
High Density
Aspect Ratio Control for Efficient Floor Planning
Memory Operation and Retention at Low Frequency
Low Active Power and Leakage-Only Standby Power
Timing and Power Models for Industry-Leading Design Tools
Configurable Word-Write Mask Option
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Executable: 
[ms4415@cadpc16 
~]$ 
/tools/misc/EE6321/ar
m/tsmc/cln65gplus/rf
_2p_hde_svt_rvt_hvt/
r0p2-
00eac0/bin/rf_2p_hde
_svt_rvt_hvt

Different executable 
for each flavor
You can generate 
memory circuits in 
the command line 
mode (later slides) 

GUI 
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Views (Output Files)
PostScript Datasheet
ASCII Datatable
Verilog Model
Synopsys Model
VCLEF Footprint
GDSII Layout
LVS Netlist
TetraMax Model
PrimeTime Model
Repair & SER Verilog
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Circuits Parameters
Number of words
Number of bits
Frequency
Multiplexer width 
[um]
…
…
Retention
Extra margin 
adjustment
Advanced test 
features
Please check the 

userguide
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Generating SRAM Example (1)
Create “mem_comp” folder in your directory
Copy the contents from 
/courses/ee6350/proj_2025Spring/ref/memory_compiler
to your local folder
Take a look at: /memory_compiler/sram00/run.sh

It generates Verilog, synopsys, lvs, vclef-fp, and gds2
Check the userguide.pdf for parameter settings
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§ Run run.sh will generates the following files: 
§ .cdl – for LVS
§ .gds2 – for Virtuoso
§ .v – RTL model 
§ .vclef – for P&R; pin locations and layout size in the APR tools
§ .clf - for P&R antenna (?)

Generating SRAM Example (2)
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Inspect and run gen_db.sh
gen_db.sh: lc_shell -xg_mode -f lc.command | tee lc.log

It will generate a set of .db files (timing and power lib files)
For logic synthesis, static timing analysis
For P&R

Generating SRAM Example (3)
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Dynamic Verilog Simulation
Using Questrasim

Inspect the following location: 
/courses/ee6350/proj_2025Spring/ref/qsim_rtl/tb_sram_wrappe
r
Files

tb_sram_wrapper.v à testbench
../../rtl/sram_wrapper/sram_wrapper.v à sram_wrapper, particularly 
needed if you integrate multiple macros into a single memory module
../../memory_compiler/sram00/sram00.v à the macro, generated by the 
memory complier
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Using Primetime

Inspect the following location: 
/courses/ee6350/proj_2025Spring/ref/pt_dc/dut

Files
pt.tcl à should refer the .db file 

Static Timing Analysis


