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1 Application Notes

1.1 Running LVR Using Command Script (Method 1)

This method describes how to run LVR using a command script le . Itis
the most straightforward and automatable method of running LVR, suitable for
batch processing and regression environments.

1.1.1 Step 1: Prepare the Command Script

Create a command script le named commandcript.cmd with the following
contents: Each command corresponds to a critical step in the LVS ow: tool
setup, data loading, veri cation, and visualization.

1.1.2 Step 2: Run LVR with the Script

Execute the command script by running the following in the terminal:
% LVR command_script.cmd
LVR will sequentially execute all the instructions de ned in the script.

1.1.3 Step 3: Open GUI and Review Results

Once the GUI launches, use the tabs to review results:

Errors and Warnings — Categorized issues such as missing nets, pin
mismatches, etc.

Marker Browser — For geometric location of errors

LVS Summary Report — Overview report from Ivs _.summary.rpt

Histograms - (if enabled) Error distributions
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# initiatize tool DB
B
init_tool db LVS

et techonlogy
AR AR
_tt:Chl'lc_ld:: skyl3e
# set top module
B g e g i e i i e
set top gecdl skyl3@hd

B g S

_datc flow
_spice_file name te
_ve 11ng nrtllht fil
et macros cdl fllw name
nable pnrta
1va chrck shorts

1v~ Chr[k unconnected pins

# call lvs
B g e g i e i i e
lvs gcdl skyl3ehd gcdl skyl3@hd.sch

B T i

HHA AR
# load gui
B o
load gui

Figure 1. Example command le to run LVR
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Screenshot of the gui after the tool command load_gui is called.

Sample categorized messages include:

* LVS001- Missing Reference Devices

» LVS008- Unconnected Pin

« LVS013{LVSO016 Missing Power Rails (VPWR, VGND, VPB, VNB)

* LVS020{LVS012 Gate/Source/Pin Mismatches and Unconnected Nets
1.1.4 Conclusion
This method is ideal for:

» Headless runs (no GUI)

» Automated test benches

» CI/CD pipelines
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LVR TCL Panel x

1.2 Running LVR Using Command Script (Method 2)

This method allows users to interactively run LVR using its graphical interface.
Instead of supplying the command le as a command-line argument, the user
launches the GUI and uses the built-in TCL interpreter panel to load the script.

1.2.1 Step 1: Prepare the Command Script

As shown in Method 1, prepare a TCL script le (e.g., commandcript.cmd )
that contains the sequence of LVR commands for initialization, setup, LVS, and
report generation.
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1.2.2 Step 2: Launch LVR Without Arguments

Start LVR directly without specifying any script le: This opens the full graphi-
cal interface of the tool with access to TCL scripting and visualization features.

1.2.3 Step 3: Source the Script from the TCL Panel

In the LVR TCL Panel, type the following command:

% source ../cmd_ les/gcdl.cmd

Then press Enter. The TCL interpreter will begin executing the script and
display real-time status messages.

1.2.4 Step 4: Load Design in Layout Viewer

Once LVS run is complete, click on Load Designin the toolbar. This opens the
layout view, allowing you to browse layers, navigate geometry, and examine
graphical error markers.
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1.2.5 Step 5: Open the Error Browser and Review Reports

Navigate to the LVS Error Browser window. It contains multiple tabs:
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Errors and Warnings — Lists categorized LVS issues.

LVS Summary Report — Displays report headers, host, runtime, mem-
ory, and result.

Marker Browser — Allows navigation to error markers.

Histograms — Summarizes error distributions (if enabled).

1.2.6 Conclusion

This method is ideal for:
» Users who prefer a GUI-assisted work ow
* Interactive debugging of command les
* Quick script testing and visualization

With TCL scripting embedded directly into the GUI, this method provides a
powerful mix of automation and interactivity.
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1.3 Running LVR Using GUI Input (Method 3)

Open LVR by running the executable from your terminal:

% LVR

The tool will start and initialize its Tcl interpreter. The main window and
TCL panel will appear.

1.3.1 Step 2: Open the Con guration GUI

Click on the LVSmenu and select the option to open the LVS con guration
panel. This interface contains multiple tabs like:

Run Data — Runtime parameters

Rules — Paths to rule les

Input — GDS, Verilog, CDL, SPICE

Output — Output les

LVS Options - Feature toggles and control ags

1.3.2 Step 3: Fill in All Required Fields

Manually enter all input values. Example elds include:

 Macro Timeout 1 sec

Instance Matching Timeout : 3600 sec

Total Max Errors : 1000000

Total Option Max Errors : 1000

Number of Cores 10

Top Cell Name (e.g., gcd1 sky130hd)
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1.3.3 Step 4: Submit the Con guration

Click on the Submit button. LVR will begin executing the ow internally, based
on the data provided. Progress and logs will be displayed in the message
panel.

1.3.4 Step 5: Load Design and Debug

Once execution completes, click on Load Designto open the layout in the
viewer. Then, open the Error Browser to inspect:

Errors and Warnings

LVS Summary Report

Marker Browser

Histograms (if applicable)

1.3.5 Conclusion

This GUI-based ow is ideal for:
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* First-time users
» Manual setup or validation tasks
* Running smaller projects or one-off veri cations

It provides the full functionality of LVR without requiring any scripting or
command-line expertise.
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2 Usecases

2.1 Test Case: gcdl SVS001(SVS)

Overview & Purpose

Context identi cation (0):  From the name gcd1l SVS00;lthe tag “SVS” indi-
cates this is a Schematic vs. Schematic (SVS) test.

Purpose (1.1): This test compares two netlist representations of the GCD
design—SVS001Aand SVS001B-to ensure structural/connection equivalence
at the schematic level. It is intended to:

« verify that LVR correctly ingests two Verilog sources and performs side-
by-side instance/net matching,

 surface connectivity differences (e.g., missing instances/nets, pin mis-
matches, opens),

» produce human-readable reports (Errors & Warnings, Marker Browser,
Summary, Histogram) and enable fast debug in the GUI.

Figure [2 captures the high-level user ow for this use case (load rules ! load
SVS sources! runsvs! inspect reports/GUI).

Figure 2: Use-case illustration for gcd1 SVS00XSVS ow).

Command File (2, 2.1)

The le gcd1l SVS001.cmdverbatim) used to run LVR for this SVS test:
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# initiatize tool DB
TR R R R
#set_debug_mode_3049 0
init_tool_db SVS

# set techonlogy
HHAHH R R R R
set_technode sky130

# set top module
HHHHHHH R R T
set_top gcd

# set number of cores

HHHHHHH R R R R
set_num_cores 1

set _die_area 0 0 106060 106060
set_num_regions 1

#set_gds_flow 1

# read the rule file and gds
HHHHHHH R R
read_Irf ../rule/sky130.Irf
#read_gds ../gds/gcdl_sky130hd.gds
load_db SVS

no_compare 1

HHR R
# LVS settings
PR T
Ilvs set datc flow 1

Fast multi-million gate Physical Veri cation
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#lvs_set_spice_file_name test

set_svsl verilog ../verilog/sky130/gcdl_skyl130hd_SVS
set_svs2_verilog ../verilog/sky130/gcdl_sky130hd_SVS
#set_svsl verilog svl

#set_svs2_verilog sv2

set_svsl spice spl

set_svs2_spice sp2

#set_svsl spice ../spice/gcdl_skyl30hd_SVSO001A.sp
#set_svs2_spice ../spice/gcdl_skyl130hd_SVSO001B.sp
Ivs_set_macros_cdl_file_name ../spice/sky130.cdl
#lvs_enable_ports 1

#lvs_check_shorts 1

#lvs_check open 1

#lvs_check _macro 0

#lvs_check matching 1

#lvs_check _unconnected pins 1

# call Ivs

HRRHHR AR R
svs gcdl_skyl130hd

#svs gcd

TR R
# set and generate report file
HHAHHHH AR R
#set_report_file_Ivs Ivs_summary.rpt
#report_Ivs

GRS R R
# load gui

Fast multi-million gate Physical Veri cation
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HHHHHHHHHHH R

load_gui

Settings Explained (3)

Key settings from gcd1 SVS001.cmdnd their roles:

e init_tool _db SVS : Starts LVR in SVS mode (schematic-vs-schematic
comparison).

» set_technode sky130: Targets the Sky130 node; aligns rule/primitive
expectations with the sky130.Irf

» set_top gcd : Declares the top module for hierarchy resolution.
* set_num_cores 1 Single-core run (deterministic baseline).

« set_die_area 0 0 106060 10606Q set_ num_regions 1: Provides de-
sign bounds/regioning (useful for uniform defaults across ows).

 read_Irf ../rule/sky130.Irf : Loads LVR rule de nitions (layer/primitive/lib
expectations used by parsers and checks).

e load_db SVSFinalizes DB prep for an SVS comparison run.

* no_compare 1 Keeps the ow strictly in the non-geometric/SVS path
(bypasses layout-vs-schematic geometry compares).

 Ilvs_set_datc_flow 1 : Enables the DatC-style netlist handling in the
comparison pipeline.

» set_svsl verilog /set svs2 verilog : Supply the two Verilog sources
to be matched.

» set_svsl spice /set_svs2_ spice : Placeholders for spice-side hooks;
combined with Ivs_set_macros_cdl_file_name ../spice/sky130.cdI
to resolve library macros consistently.
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» svs gcdl_sky130hd Runsthe comparison with project tag gcdl sky130hd

 load_gui : Opens the GUI (Error/Marker/Summary/Histogram tabs) for
interactive debug.

How to Run (4)
Execute the test from a shell as:
% LVR gcdl_SVS001.cmd

This will produce the Error/Warning list, Marker browser, Summary (and His-
togram if available) and launch the GUI for inspection.

Results & Screenshots (5-12)

Errors & Warnings (5-6).  Figure (3| shows categorized messages. Typical
items visible in this run include:

 DB_.WARN: e.g., “number of cores is set as 1” (informational).

VER_WARNO12: nets like VDD/S$et54/net67 reported open in one of
the source les.

LRF_ERROROL: several .Irf  syntax errors with line numbers (points to
rule- le clean-up needed).

SVS_ERRO01/ERRO0O05: left/right matching not perfect; speci ¢ instance
pins/nets (e.g., clk , req_msg resp _val ) remained unmatched.

SVS_ERRO031: mismatch in instance count (e.g., Left=359, Right=361).
Marker Browser (7-8).  As indicated in Figure [4] the Marker Browser tab lets

you load and navigate markers one-by-one (or clear them) for targeted debug
of unmatched instances/nets.
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[2025-0-00 08.62:03) [warring] DB_WARN: rumber of zoras is set a5 1
2025-00-01 085203 [warring. VERI_WARKINZ: The net VDD trom verllog the . terllogsky130)zed]_s<y1 30ha_SWSDD1AN Is open
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120260001 08:5203) [warning] VERI WARKS12: Tha nrt ¥SS from verlag file e
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2025 (85203 [warring] VERT WARKIZ: Tha net netsd fram varileg fis . fverilogiskyl 20/ged] sk 130ke SWSH0E is apen
[2025-0-0 08:52:03] [warring] VERI_WARKL The net neti? from verikog file . fverioalsky130/cd]_sky130nd_SVSU0AY s opan
12025-09-01 QE-BZ-03] [warring VERI_WARKNIZ: The nel netE? from verilag file . veriog/sky130iged]_sky130nd_SVSO01BY = ceen
LRF Erroes - layaut rke fil
[2025-0r-00 08.62:03] [arrar] LRE_ERRO0T: Syntax eror in e fila at line 333, oleasa refar LVH LEF documantstion
(2025-08-01 08:52:03] [errar] LRF_ERROD1: Syntax emor In I *le at line 334. pleage seter LVR LRF documentatian
12026-08-1 08:E2:03] [enar] LRF_ERROD
TA0PR-0-01 G4 530E] [errar] LRE_ FRRO0T:
[2025-08-11 08 . Lerrer] LRF_ERROD
[2028-09-01 Q8-BZ:03] [enar] LRE_CRROO1: Synlax error in I’ file al line 338, please reler LVR LRF documenizlion
025 3] [errar] LRF ERROO nkaw prrar in e file at line 33 2 refer LS LAF dacumentation
Othar
12025-09-01 QE-BZ-03] [errar]
55 - Uncatagoriend
024~

@

rors

Error DBAOT: Top cell god rot found. Check whether the gds library ingut file for loading cortaing the required top cell

e HE03] [arrar] SWS_ERRO0T: No perfect lefi-side matching found)

2025-08-01 08! | [error] SYS_ERROOZ: No pertect rght-side matching found!

[2026-09-01 Q& [ [errar] SVS_ERROOE : The instance ck of Lhe schemslic remisned cimatched

(20250801 GRGF0E] [arrar] 8WS_FRROOG : Tha instanca drst of the schamatic ramained unmatchad

[2025-08-11 08 | error] SWS_ERRODS : The Instance req_med of tha schematc remalned unmatched

[2026-09-01 Q8- 7 [errar] SVE_ERRO0E : The inslance reg_rdy of Lhe schemalc remained unrralzched

3] [errar] 85 FRRO0G : The instance req val of the schematic ramaned wmatchad

| [errar] SVS_ERRODS | Tha instance resat of the schamatic remainad unmatshad

T [error] SWS_ERRO0S : The instance reso_msg of the schemealic remained unmatzhed

| [errar] SVS_ERROOG : The instance ress_redy of the sekametic rmained vimatched

2] [arrar] S¥S_ERRODG : Tha instance ress_val of the scramatic ramained wnmatched
[errar] SV5_ERRO0S : The Instance soLrce of the schematic remalned unmatches

L 1 [errar] SVS_ERRO0E : The instance split =1 the schemalic remained unimatches

[A026-00-01 G85203) [arrar] SYS_FRRO0G : Tha instance splitt3 of the schematic remained unmasched

[2025-0B-11 08! | Lerrer] SYS_ERRDE1: Mismatch in the number of netences | Left = 359, Right= 3617

Figure 3: Errors and Warnings view for gcd1 SVS001
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Figure 4: Marker Browser for gcd1 SVS00Xload markers to inspect individual
mismatches).
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Figure 5: SVS Summary for gcd1. SVS001
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SVS Summary Report (9-10).  Figure |5 summarizes the run:

e SVS Status : PASSED

Instance Match Percentage : 96:95%

Total Errors : 37

Top-cell labels for both sources, timing breakdown for stages (Netlist
parsing, Device matching, Report generation), node=SKY130HD (130nm)
attened DB, and “Full Check” veri cation mode.

Counts by error type (e.g., DBWARNREERROROYERWARNO13VSERR001/2/5/31).

Notes for Debugging

The diff snapshot (not shown here) indicates additional instances present
only on the right side (e.g., a splitl and splitl3 stage), which aligns with
SVSERRO03And several SVSERROO%unmatched-instance reports. Start by
reconciling those structural diffs, then re-run to con rm the instance-match
percentage improves and total errors drop.

2.2 Test Case: gcdl SVS002(SVS)

Overview & Purpose (0, 1, 1.1)

Context identi cation:  The tag “SVS” in gcd1 SVS002ndicates a Schematic
vs. Schematic comparison.

Purpose: Compare two schematic/netlist representations of the GCD de-
sign (SVS002As. SVS002Bat the Sky130 node to con rm structural con-
nectivity equivalence. This test exercises LVR's SVS ow: rules loading,
twin-netlist ingestion, instance/net matching, and GUI-assisted debug (errors,
markers, summary, histogram).
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Figure 6: Use-case illustration for gcd1 SVS00ZSVS ow).

Command File (2, 2.1)

Verbatim copy of gcd1 SVS002.cmdhese are the commands that run LVR for

this test:

# initiatize tool DB
PR
#set_debug_mode_3049 0
init_tool_db SVS

# set techonlogy
HHHHHHH R
set_technode sky130

# set top module
HHHHHH R R R
set_top gcdl_skyl130hd

# set number of cores

HHHHHHHH
set_num_cores 1

set die_area 0 0 106060 106060
set_num_regions 1

#set_gds_flow 1

# read the rule file and gds
HHHHHHHHH

Fast multi-million gate Physical Veri cation
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read_Irf ../rule/sky130.Irf

read_gds ../gds/gcdl_skyl130hd.gds
load_db SVS

no_compare 1

HRRHHR AR AR R

# SVS settings

HHHHHHH R R T

Ilvs_set datc_flow 1

#lvs_set_spice_file_name test

#lvs_set_verilog_netlist_file_name ../verilog/sky130 /gcdl_skyl130hd_SVS002A.v
#lvs_set_verilog_netlist2_file_name ../verilog/skyl13 O/gcdl_sky130hd_SVS002B.v
set_svsl verilog ../verilog/sky130/gcdl_skyl30hd_SVS  002A.v

set_svs2_verilog ../verilog/sky130/gcdl_skyl130hd_SVS  002B.v

set_svsl spice spl

set_svs2_spice sp2

Ilvs_set_macros_cdl_file_name ../spice/sky130.cdl

#lvs_enable_ports 1

#lvs_check_shorts 1

#lvs_check open 1

##lvs_check _macro 0

#lvs_check _matching 1

#lvs_check _unconnected_pins 1

# call Ivs
HHHHHHHH
svs gcdl_skyl130hd

svs gcdl skyl30hd

WO T TR T
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# set and generate report file
HHAHHHHAHH AR R R
#set_report_file_Ivs Ilvs_summary.rpt
#report_Ivs

HRRHHR AR AR R
# load gui

HHHHHHH R R T
load_gui

Settings Explained (3)

Key switches and why they matter:

init_tool_db SVS initializes the database explicitly for SVS compari-
son mode.

set_technode sky130 selects Sky130; aligns parsing/macro expecta-
tions with ../rule/sky130.Irf

set_top gcdl_skyl130hd de nes the schematic top for hierarchy reso-
lution.

set_num_cores lcreates a deterministic single-core baseline.

set_die_area ... ,set_num_regions 1 standardize design bounds/regions
for uniform ows.

read_|Irf ... loads rule constructs; read_gds ... is present though
geometry is not compared (SVS only), which is ne for uni ed project
context.

load_db SVS nalizes DB prep for an SVS run; no_compare lkeeps
the run schematic-only.

Fast multi-million gate Physical Veri cation 22



e lvs_set datc_flow 1 enables DatC-style netlist handling.

» set _svsl verilog /set svs2 verilog pointLVR atthe two Verilog sources;
set_svs* spice placeholdersandlvs_set macros_cdl_file_name ...
ensure library macro resolution.

» svs gcdl_sky130hdtriggers the comparison; it appears twice here, which
simply re-invokes the SVS run with the same tag.

 load_gui launches the GUI (tabs for Errors & Warnings, Marker Browser,
Summary, Histogram) for interactive debug.
How to Run (4)
Execute from a shell:
% LVR gcdl_SVS002.cmd
This runs the SVS comparison and launches the GUI. Reports are available in
the GUI tabs and as log/summary artifacts.
Results & Screenshots (5-12)

Errors & Warnings (5-6). Figure [7] shows categorized diagnostics. Notable
items in this run:

* VER_WARNO012: several nets (e.g., VDDVS$ net54, net67) reported
open on one side (SVS002/5VS002Rnnotations).

¢ LRF_LERRORO1: syntax errors around lines 333-339inthe .Irf ;clean
these to avoid cascading issues.

* SVS_ERRO0O01: no perfect left/right match; SVS_ERRO0O05: specic sig-
nals like clk , req_msg resp_msg reset , req_val , resp _val , source,
splitl3 remained unmatched.

* SVS_ERRO031: instance-count mismatch (Left = 360, Right = 361).
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2025-09-01 08:41:0£] [warning | VERI_WARND1Z: The net VDD frem verilog tie
12026-09-01 Q8:41:04] [warning] VERI_WARNDTZ: The rel VDD ham verilog fike
[A0G-05-0 02 4104] [warning] WER| WARKDZ: Tha net WSS frmom varig fil
(20Z5-09-01 08:41:04] [warnng] VERI_WARMDIZ: The net W55 from variizg file
12028-03-01 08:41:0£] [warning] VERI_WARNDZ: The rel nelB4 Moo verilog file . feerilogfsky 30god _sky 130hd_S¥5002
2025 08:41:04] [warring] WERT WARKDZ: Tha net natba from verlag Al . fesrilogiskyl 20iged sky130hd SYS002R,
[2025-0-01 G8:41:04] [warnng] VER_WARMDIZ: Tha net net&7 from varilog file . fverilog)sky130/zed1_sky130hd_SVE002AW is open
12025-09-01 08:41:0£] [warning| VERI_WARNDIZ: The net netB7 from wverileg file . 130/pod]_sky130hd_SVSDDZE N Is open

LRF Erroes - layaut rke fil
[A0h-0-00 G8:4104] [arrer] LRF_ERROOT; Syrtae arrarin Irf fila a1 ine 23535, plagss rafar L& LRF dacumantatan
(2025-08-01 08:41:02 ] |arrer] LRF_ERROQT: Synitas @rrar in it file 81 line 534, please rafer VR LRF declmentaticn
[2026-08-01 08:41:0£] [errer] LRF_ERRQAT: Syntax errar in el file @l line 338, please refer LYR LRF dacurmentatan
[A026-00-01 08:41:04] [arrce] LRE_FRROGT: Syriax arrarin of fila atline 336, pleass rafar | VR |RF dacimantatian
(2025-09-01 08:41:04] |errer] LRF_ERROCT: Syritse error in it file 8t ine 337, plasse refer LR LRF docurnentaton
[2026-03-01 08:41:0£] [erer] LRF_ERRQAT: Synlax errar in el file 2l line 336, please refer LVR LRF dacurmentalian
(2026 G8:41:0£] [arrer] LRE ERROOT: Syrtax errarin e file at line 338, please refer L& LRF dacumentatan

Othar
12025-09-01 08:41:0£] [errer] Ervor DBOO: Tap cell ged_sky13Chd not found. Check whether the gds library input e for lsading containg the reguired top cell

55 - Uncatagoriend
[2025-0-00 08.4104] [arred] SVS_ERROOT: Mo perfect left-side matching faund!

[2025-08-01 08:41:0£] |2rror] SYS_ERROOZ: Mo perfect nahit-side matching founs!

[2026-08-01 08:41:0£] [error] SVS_ERROQE : The instance ik of Lhe schamalic rerrained unmatched

120260001 08:41:04] [arrce] S¥S_FRROOS : Tha instanca dest of the schamatic ramaned unmatchard

(20Z5-0-01 08:41:0<] |arrer] S¥E_ERROOST : The Instance regurfarys of the schematic remained unmatched

[2028-09-01 08:41:0£] [errer] SVE_ERROAS : The inslance rec_mey af Lhe schermalic remained unmalches

(0260801 Q84 = Thainstanca reardy af the schematiz remainad urmatched

[2025-09-01 08 Tha instanca rec_val of tha schamstic rerainad urratched

12025-09-01 Q&4 : The ingtence reset of the schematic remained ureratzhed
[2025-08-111 048 5 = The instance resp_msg of the s i rerrained urmats
(2050 08:41:04] [arree] SVS_ERROOS © Tha instanca resp_rdy of tha szhamat e remainad urmatzhed
[2025-08-01 08:41:0£] |2rror] SYS_ERROOS : The Instance resp_val of the schemetlc ramaned uamatznad
[2026-08-01 08:41:0£] [error] SVS_ERROAE : The instance saurce of the schematic remained srmmaiched
0G0 02 4104] [arred] SVS_FRROZ: Mismatzh in tre nurbar of instarces , Laft - 360, Right- 261

funriaglsky 30
feeriaaisky 130096

rors

Figure 7: Errors and Warnings for gcd1 SVS002
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¢ Errars ard Warnings T 1w Surnmary Report Histograms

Figure 8: Marker Browser for gcd1 SVS00Zload markers, step through mis-
matches).

Marker Browser (7—8).  As shown in Figure (8, load markers to navigate in-
stance/net mismatches one by one. Use single-marker mode for focused in-
spection.

SVS Summary Report (9—10).  Figure[9summarizes the run (example elds
visible on screen):

* SVS Status : PASSED

 Instance Match Percentage : 97.23%
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oo SV Error Browsar

Figure 9: SVS Summary for gcd1 SVS002
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26



 Total Errors : 36; Total Warnings : 9; Critical Issues : none

» Node: SKY130H@230nm), attened DB, GDSII format, Full Check ver-
i cation mode, error reporting enabled.

» Stage timings for Netlist Parsing, Device Matching, and Report Genera-
tion.

Quick Debug Note

The diff panel (not included here) points to extra right-side instances (e.g., a
split stage), consistent with SVSERRO031 Reconcile the structural delta and
re-run; open-net warnings should drop if undeclared/unused pins are tied or
removed consistently across both sources.

2.3 Test Case: gcd1l SVS005(SVS)

Overview & Purpose (0, 1, 1.1)

Context identi cation:  The tag “SVS” in gcd1 . SVS00indicates a Schematic
vs. Schematic comparison.

Purpose: Compare two Sky130 GCD schematic/netlist variants (SVS005A
vs. SVS005B0 validate logical connectivity equivalence. This exercise stresses
LVR's SVS ow: rule loading, twin-netlist ingestion, left/right instance & net
matching, and GUI-assisted debug (Errors & Warnings, Marker Browser, Sum-
mary, Histogram). Figure sketches the use-case pipeline: rules ! SVS
inputs! svsrun! reportinspection.

Command File (2, 2.1)

Verbatim listing of gcd1 SVS005.cmdthese commands run LVR for this SVS
test:

# initiatize tool DB
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Figure 10: Use-case illustration for gcd1 SVSO00SVS ow).

HHT T T
#set_debug_mode 3049 0
init_tool_db SVS

# set techonlogy
HHAHHHHAHH AR R
set_technode sky130

# set top module
HRRHHRR AR AR
set_top gcdl_skyl30hd

# set number of cores

HH R
set_num_cores 1

set die_area 0 0 106060 106060
set_num_regions 1

#set_gds_flow 1

# read the rule file and gds

Fast multi-million gate Physical Veri cation
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HHHHHHH R R
read_Irf ../rule/sky130.Irf

read_gds ../gds/gcdl_sky130hd.gds
load_db SVS

no_compare 1

HHHHHHHHHH R

# SVS settings

HRAHHR AR AR

lvs set datc flow 1

#lvs_set_spice_file_name test

#lvs_set_verilog_netlist_file_name ../verilog/sky130 /gcdl_sky130hd_SVSO005A.v
#lvs_set_verilog_netlist2_file_name ../verilog/sky13 0/gcdl_sky130hd_SVSO005B.v
set_svsl verilog ../verilog/sky130/gcdl_skyl130hd_SVS  005A.v

set_svs2_verilog ../verilog/sky130/gcdl_skyl130hd_SVS  005B.v

set_svsl spice spl

set_svs2_spice sp2

Ilvs_set_macros_cdl_file_name ../spice/sky130.cdl

#lvs_enable_ports 1

#lvs_check_shorts 1

#lvs_check _open 1

#lvs_check _macro 0

#lvs_check _matching 1

#lvs_check_unconnected_pins 1

# call Ivs
R
svs gcdl skyl30hd

WO T T R T
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# set and generate report file
FHESHER AR R R R A AR

#set_

report_file_Ivs Ivs_summary.rpt

#report_svs

HHHH
# load gui
HHAHHHH AR R R R

#set_
load

log_flush_time 1
gui

Settings Explained (3)

Key switches and intent:

init_tool_db SVS : start LVR in SVS mode (schematic-vs-schematic).

set_technode sky130 andread_Irf ../rule/sky130.Irf . align pars-
ing/macro expectations with Sky130 rules.

set_top gcdl_skyl30hd: declare schematic top for hierarchy resolu-
tion.

set_num_cores 1 single-core, deterministic baseline; set_die_area /set_num_regions:
standardize bounds/regioning.

read_gds ... :loads layout context (useful for a uni ed project); no_compare 1
keeps the run schematic-only.

lvs_set datc_flow 1 : enable DatC-style netlist handling in compari-
son.

set_svsl verilog /set svs2 verilog : pointto the two Verilog sources
to be matched.
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» set_svs*_spice placeholders +Ivs_set_macros_cdl_file_name ...
ensure macro/library resolution consistency.

e svs gcdl skyl30hd execute the comparison; load_gui opens the GUI
(tabs for Errors & Warnings, Marker Browser, Summary, Histogram).

How to Run (4)
Execute from a shell:

% LVR gcdl_SVS005.cmd

This launches the SVS comparison and opens the GUI. Artifacts appear in the
GUI tabs and logs.

Results & Screenshots (5-12)

Errors & Warnings (5-6). Figure |11 shows categorized diagnostics. High-
lights include:

« VER_.WARNO012: opens on nets like VDDVSS$net54, net67 (A/B suf x
indicates which side).

* LRF_LERRORO1: .Irf syntax issues around lines 333—339.

» SVS_ERRO0O01: no perfect left/right match; SVS_ERRO005: speci c sig-
nals (e.g., clk , dest, req_msg resp_msg reset , req_val, resp val,
source) remained unmatched; also an unmatched instance __232 _.

* SVS_ERRO031: instance-count mismatch (Left = 359, Right = 361).

Marker Browser (7-8).  As shown in Figure [12] load markers to navigate
individual mismatches; single-marker mode helps focused inspection.
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Browsar

LN ] SYSE
Marker Browses  LNS Summary Report | Histogrars

Catagerized Warnl s ad Erracs

Othe
[0t 094 221] [waming] DE_WARN: numbar af cores is sat &5 1
(2025-08-01 024 Z2:21] [weming] YERI_WARNCIZ: The ret VOD from verloq flle . verioqisky130iged1_sky130nd_SVSA05AN |s open
12026-08-01 0%:42:21] [warning] VERLWARNGIZ: The rel WOD from vericg lile . fvesag/sky130ges_sky130d_SVE003B is open
TR0 (9 a2] [waming] WERI WARMGT: The nat &S fram warilng fia - fearilog/skyl 20yand ) skyI3ihd SYED0GAY is span

[2025-09-01 094 2:21] [waming] VERI_WARNOIZ: The ret VES from variloa fiz _verll k1300 ned " _sxy130ha_SvED0SEY i cpen

T2026-08-01 T4 2:21] [warning] VERI_WARNDIZ: i ile . feritog sk 1300ged]_sky1300d_SVSO0EAN is upen
2025 9:42:21] [warming] VERI WARN ky130/gad] skyl20hd SVS0053N is open
[2025-0-0 A 2:21] [waming] VERI_WARNO eerilomishy 30acd_sky130hod_SVEDDSA Y i opan
[2025-08-01 D24 2:21] [warming] VERI_WARNTI verilogiaky1 30/god1_sky130hd_SVE005B.v = ooen

LRF Erres - ot nub fil
[A02h-0-0 G220 [srrar] LRF_ERRDDT Synta arror in Irf fils at lina 333, pleasa refar L LRF dozumantation
2025-09-01 024 2:21] |emor] LRF_ERRDD: Syntax error In rf tile at line 334, gleasa reter LVR LRT documentation
[2026-08-01 094 2:21] [error] LRF_ERRDDN: Synilax error in i fik: al line 336, please refer LVA LRF documentation
(20250800 G94221] [errar] | RF_EREOD: Syntax arror in rf fila at lina 336, plaasa refer | VH | BF documentation
(2025-08-U1 024 E:21] [emor] LRF_ERRDU: Syntax error in I file at line 337, please reter YR LRF documentation
[2026-09-01 024 2:21] [error] LRF_ERRDDN: Synilax error in il Tk al line 333, please reler LR LRF documentation
2025 2:21] [rrror] LR ERRDOT: Syntas arrer in ek filz at lire 339, please refer LVA LRF desumentation

Othar
12025-08-01 024 Z:21] [error] Errcr DS0D1: Top cell ged _sky130hd rat found, Check whether the gds library ingat file for loading contains the required top cell

55 - Uncatagoriend

(1240800 0.4 221] [Bmor] SYE_ERRDOT N parfact ft-sida matzhing “sund

20254’9 U1 02ed 2:21] [error] SVS_ERRUUE: Mo peract righi-slde matching found!

12026-09-01 0%:42:21] [error] S¥S_ERRDDS : The instance _232_ of lre schemmalic rerzines anr

(20250801 G94221] [error] SYE FRROOS : The instance clk of the schematic remainkd unmatches

20Z5-09-01 QA 221 [emor] SvE_ERRUUS @ The instance g2t of the schemats remalred unmatched

+21] [erron] SVS_CRRODS : The inslance rebullerES of te schemalic rmmeines wnmalched

15V5 FRRAY The instance reqmsg of the schematic remanes wnmatched

The ret nnlﬁ? Froim verilon file .

rors

iched

| SVE_ERRUUE : The instance rec_rdy of the schematic ramaines unmatched
1 S\‘ajRRﬂ'C-S The instance seq_vel of the schematic remained unmatches
RO0E : The instance reset of the schematic remained unmaiched

it i The instance sasp_rrsg of the schematic ramained unmatenad

| 5V5_ERRDDS : The Instance r2ap_rdy of the scrematlc remalned unm
1 SVE_ERRDOE : The instance resp_val af the schemaliz remained unmatzl

')n?r Ly Gfea ] [:rmr VA FRRGOE @ The instance sourca of tha schamatic remainad unmatchad

[2025-08-01 024 2:21] [emor] SVS_ERRUE1: Mismatch in the number of instances , Left = 358 . Rlaht= 361

Figure 11: Errors and Warnings for gcd1 SVS005
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Figure 12: Marker Browser for gcd1l SVS005load markers and step through
mismatches).

Fast multi-million gate Physical Veri cation 33



‘oo SV Error Browsar

Figure 13: SVS Summary for gcd1 SVS005
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SVS Summary Report (9-10).  From Figure SVS Status =PASSEDn-
stance Match  96:95% Total Errors =37, Total Warnings =9, Unconnected

Pins =100; node=SKY130H[@30nm), attened DB, GDSII, Full Check mode
with timings reported for Netlist Parsing, Device Matching, and Report Gener-
ation.

Debug Note (diff context)

The provided diff snapshot for this test shows intentional negative edits (e.g.,
missing net123, extra buffers like rebuffer68 , and an xnor2_1_232 instance
on one side). These explain SVSERRO3{instance-count mismatch) and multi-
ple SVSERROObBnmatched-signal reports. Reconciling those deltas (restore/tie
the missing net, mirror added logic, or consistently remove across both sources)
should raise the match percentage and reduce error counts.

2.4 Test Case: gcdl ERCO01ERC)

Overview & Purpose (0, 1, 1.1)

Context identi cation:  The tag “ERC” in gcd1 ERCOOIndicates an Electri-
cal Rule Check .

Purpose: Demonstrate ERC short detection on the Sky130 GCD layout
when a signal is unintentionally connected to power. In this negative test,
the bottom-right buffer instance (buf_1) has its output pin X shorted to the
upper VPWR rail (Metall). The note “use 68/20” refers to the author's layout
guidance for reproducing/locating the condition in the editing grid. The goal is
to verify that LVR:

* loads the Sky130 rule context and the test GDS,
* correlates layout nets and library macros against the schematic,

« detects power/ground shorts (e.g., VDI¥ signal nets on MET1),
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* reports issues via Errors & Warnings, Marker Browser, Summary, and
Histograms,

» and enables rapid root-cause debug in the GUI.

Figure 14: Use-case illustration for gcd1 ERCOOlrules! GDSload! ERC
run! report/GUI debug.

Command File (2, 2.1)

Verbatim listing of gcd1 ERC001.cmdhese commands run LVR for this ERC
test:

# initiatize tool DB

HHHHHHH R R
#set_debug_mode 3049 0
init_tool_db ERC

# set techonlogy
HHHHHHHH
set_technode sky130
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# set top module
HHHHHHHH
set_top gcdl_skyl130hd

# set number of cores

HHHHHHHHHH R
set_num_cores 1

set_die_area 0 0 106060 106060
set_num_regions 1

#set_gds_flow 1

# read the rule file and gds
HHHHHHHH
read_Irf ../rule/sky130.Irf

read_gds ../gds/gcdl _ERCO001.gds
load_db ERC

no_compare 1

B RS
# ERC settings

HHEHH AR R R R
Ilvs_set datc_flow 1
Ilvs_set_spice_file_name test

Ilvs_set_verilog_netlist_file_name ../verilog/sky130/
Ilvs_set _macros_cdl_file_name ../spice/sky130.cdl

Ilvs_enable_ports 1
Ivs _check shorts 1
Ilvs_check open 1
Ilvs_check_macro O
Ivs_check_matching 1

Fast multi-million gate Physical Veri cation
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Ivs_check_unconnected_pins 1

# call Ivs

HHHHHHHH R R
erc gcdl_skyl130hd

#erc gcdl_sky130hd

HHHHHH R R
# set and generate report file
T
#set_report_file_Ivs Ilvs_summary.rpt
#report_Ivs

HHATH R R
# load gui

HEHH AR
load_qgui

Settings Explained (3)

Key switches and intent:

« init_tool_db ERC :initializes the database in ERC mode (electrical con-
nectivity sanity).

» set_technode sky130 &read_Irf ../rule/sky130.Irf : select Sky130
rules and primitive/lib context.

» set_top gcdl_skyl30hd: names the top cell for hierarchical resolution
across layout/schematic.

e set_num_cores 1 deterministic single-core run baseline. set_die_area /set_num_regions:
standard bounds/region setup.
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» read_gds ../gds/gcdl_ERCO001.gds: loads the edited GDS that con-
tains the deliberate VPWR short at the buffer output.

e load_db ERCG no_compare 1 nalize DB and keep the ow in electri-
cal checks (not geometric DRC).

« lvs_* toggles: even in ERC ow, LVR reuses LVS infrastructure for
netlistymacros: DatC handling, macro CDL, port enablement, and op-
tional open/short checks.

 Ivs_check_shorts 1 /lvs_check _open 1: enable short/open detection.
» erc gcdl_skyl30hd executes the ERC analysis.

* load_gui : launches the GUI with the tabs Errors & Warnings, Marker
Browser, ERC Summary Report, and Histograms.
How to Run (4)
Execute from a shell:
% LVR gcdl _ERCO001.cmd
This runs ERC and opens the GUI. Reports are available within the GUI tabs

and associated logs.

Results & Screenshots (5-12)

Errors & Warnings (5-6). Figure [15]lists categorized diagnostics. Highlights
visible include:

 database/tool warnings and layer-map not-found messages (ignored for
run),

« VERWARNO012/DDVS$et54/net67 open warnings (from verilog con-
text),
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LN ] ERC Error Browsar

Marker Bravser  FRC Summary Repart Histsgrams

Catagerized Warnl s ad Erracs

Oither
IR R L WARNDDE: Key net found: Layar wil bs ignerad in tha Tooks run for layerkdapliata: 122
L  Lawer will be Ignored In the Tools run for lsyveriecText: B3
12026-08-02 08:31:22] [warning] DE_WARN: nuinber of cores is sel as 1
A0G-0H-00 GRIE1PE] [wamning] WERI WARNOTZ: The rat 41 rilag file: . funriaglsky130igedl sky130ady is span
(2025-09-12 22| [waming] YERI_WARMOTE: The nat vE5 from verilog file _verllogsky130/00d _sky130hoiy is open
12026-09-02 0E:51:2E] [warnivg] YERI_WARNITZ: The rel netSd from verileg file . fverilogsky130/god]_skyl 300y
2036 3 08:3123] [warning] VERI WARRD1Z: The nat neti7 froem verilag file . fearilogiskyl 30iged1_sky130hd. is open
ERL - Uncategorizes
12026-09-02 0B:31:2E) [error] ERC_ERRODI: Faund PawerGrodnd short VOO Interacting with net1a an layer METT
T2026-08-02 08:31:23] [errar] ERC_ERROO: Faurd PawerGround short YOO interscting with net20 an yer MET?
[A0h-0-00 GRIENEE] [Rrrar] ERC_ERRODT Fourd Pawaritround short YO0 intaraating with net?s on layar METT
(2025-08-U2 UB:31:2E| |emor] ERC_ERRDDI: Faund PaweriGround short ¥OD Interscting with net2e on layer MET
12026-05-02 08:31:22] [errar] ERC_ERROO: Faurd PawerGround shorl YOO inlersctivg wilh nel26 an lager MET?
[A0G-0H-00 GRIENFP] [rrar] FRCFRROOT: Faund PawariGround short WO intaracting with neté on layer WET1
(2025-09-12 22| [error] ERC_ERROOT: Found PoweriGround short natls interactng with VO3 on layer MET1
12026-09-02 08:31:22] [error] ERC_ERROD: Faune PavwenGround shorl nel 20 inlerseling with WDO an leyer MET]
2036 2 23] [rrrar] ERC.ERRO0T: Faund PaweriGround short nat?? interactng with 00 o layger WMETT
(2025-09-42 0B:31:22] [srmor] ERC_ERRDDT: Found PawsriGround short nat2q intaractng with OO on layer MET
12026-09-02 08:31:22] [error] ERC_ERRODI: Mound PawerGround short net28 interacting with WDO on layer MET!
-0 08:31:23] [errar] ERC_ERRODT: Faurd PawerGround short net interacting with WD on leyer WET1
2#] [error] ERC_ERRODT Pin X af instanca u_417% is shortad with power
:2E| [eror] ERC_ERRODL: PIn X of Instance u_4137 |s s1orted with power
L 23] [errar]
[A0G-0%-00 GEIENFE] [rrar] FRCERROOT: Pin X af instanca u_ 4304 is shortad with power
| ERC_ERRODE: Foura PoweniGround short YOO interscting with net1a on lever MET1
1 ERC_ERROOZ: Faurd PaweriGround shorl YOO inlerscting wilh nel2 on leyer WET1
1ERCERRONZ: Faurd PawariGround short YOO interecting &
1 ERC_ERRDDE: Foura PowsniGround short VIO interscting with net2 on
1ERC_ERROOZ: Founa PaweniGround short YOO interscting with net23 on layer ME
1 ERC_ERROOZ: Faurd PawerjGround short YOO interscting with netd oo layer MET1
1 ERC_ERRDDE: Faura PawaniGround short nesTi intarsating with W0 an lavar M=11
ERC_ERRODZ: Founa PoweniGround short net20 Interscting with VDD on layer WET1
1 ERC_ERROOZ: Faurd PaweriGround shorl net22 interactng with VIO on keyer MET?
1 FRCERRODZ: Faurd PowariGround short nat?4 intaracting wih W00 an layar MET1
| ERC_ERRODE: Foura PoweniGround snort net25 interacting wih D3 on laver MET1
] ERC_ERRODZ: Faur PawerGround shorl nedd inlers: il VDD oo layer WET1
1ERCERROOG : The instancze input? “had
1 ERC_ERRUDS : The instance inputzz of the schematic remained unmaicnesd
JERC_ERRDDE : The instance inputZ4 of the schematic remained unmatched
1ERC_ERROOG : The instance inpulf of the schematic remained unmatched
1 ERC_ERRDTY: Found short YOG intaracting with natis on layar METT

1

ERC_ERRDI7: Found short WDD Interacting with 0 on layer MET1
1 ERC_ERRD7: Found shorl WDD interacling with net22 on ayer MET1
] FRC_FRROT?: Frund short WD intaracting with nat?4 an layar MET1

| ERC_ERRDNT: Feunl short VDD Irteracting with net25 on layer MET1
1 ERC_ERRDM7: Frund shorl YDD interacling with neld an leyer MET!

] FRCERRDIZ: Frund short nat1d interacting with V0D on layer METT
1 ERC_ERRINT: Fourd short netz interacting with VDD on layer MET1
1 ERC_ERRDIT: Found short nelZZ interacting with VDD on fayer MET1

Figure 15: Errors & Warnings for gcd1 ERC001

Fast multi-million gate Physical Veri cation



* numerous ERCERROOERCERROQO2Power/Ground shorts —e.g., VDD
interacting with signal nets netl8, net20, net22, net24, net25, net6 on
MET1.

These align with the intended defect (buffer Xnode shorted to VPWR

Figure 16: Marker Browser for gcd1 ERCOGQ1per-violation entries (type, netA,
netB).

Marker Browser (7-8).  Figure [16]shows SHORT markers such
as VD% net22/net24/netl8/net6/net20/net25. Load markers and navigate
one-by-one; use single-marker mode for focused inspection.
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Figure 17: ERC Summary for gcd1 ERCO001

ERC Summary Report (9-10).  Figure [L7|summarizes the run:

ERC Status: PASSEDshort Circuits : Short Detected ; Open Cir-
cuits : None Detected

Instance Match Percentage : 99.86%; Unconnected Pins : 100.

Total Errors : 67; Total Warnings : 118.

Sky130HD (130nm), attened DB, GDSII, timings for Netlist Parsing /
Connectivity Extraction / Device Matching / Report Generation.
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Figure 18: Histogram views for gcd1l ERCOOQ1distribution of SHORTS; tabs
also provide OPEN and UNCONNECTED PINS.
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Histograms (11-12).  As shown in Figure[18] the SHORTS histogram is con-
centrated in a few early bins, indicating repeated short patterns (consistent
with a rail overlap) rather than dispersed random issues.

Debug Tip (GUI)

In the GUI, zoom to the bottom-right region of gcdl sky130hd on MET1 you
can visualize net22 overlapping VDDhear the buffer output X with the marker
table listing the exact coordinates and cell context. Clearing/ xing that metal
stub (or separating it from the VPWR rail) should eliminate the short markers
and reduce the error count on re-run.

2.5 Test Case: gcdl ERCO0O2ERC)

Overview & Purpose (0, 1, 1.1)

Context identi cation:  The tag “ERC” in gcd1 ERCOO2nhdicates an Electri-
cal Rule Check .

Purpose of the test:  This negative test demonstrates ERC short detection
on the Sky130 GCD block when a signal node is unintentionally shorted to
ground. Concretely, the bottom-left buf _1 instance has its output pin Xshorted
to the lower rail VGND (VSS) on MET1; the note “use 68/20” refers to the
author's edit/viewport guidance to reproduce or locate the issue in layout. The
goal is to verify that the LVR/ERC ow:

* loads Sky130 rules and the modi ed test GDS,
* correlates layout connectivity to reference libraries/netlists,

 ags short circuits between signal nets (e.g., req_msg[*] , net40, net39)
and VSS on MET1,

» produces actionable reports (Errors & Warnings, Marker Browser, Sum-
mary, Histograms),
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» and supports rapid pinpointing of the defect in the GUI.

Figure 19: Use-case for gcd1. ERCO02rules! GDS load! ERC run'!
report/GUI debug.

Command File (2, 2.1)

Verbatim listing of gcd1 ERC002.cmdhese commands run LVR in ERC mode:

# initiatize tool DB
TR R R
#set_debug_mode_3049 0
init_tool_db ERC

# set techonlogy
HHAHHHH R R R R
set_technode sky130

# set top module
HHHHHHHH R R
set_top gcdl sky130hd
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# set number of cores
HHHHHHHH
set_num_cores 1

set _die_area 0 0 106060 106060
set_num_regions 1

#set_gds_flow 1

# read the rule file and gds
HRAHHR AR AR
read_Irf ../rule/sky130.Irf

read gds ../gds/gcdl ERCO002.gds
load_db ERC

no_compare 1

HHHHHHH R R R

# ERC settings

R R
lvs_set_datc_flow 1

Ilvs_set spice_file_name test
Ilvs_set_verilog_netlist_file_name ../verilog/sky130/
Ilvs_set_macros_cdl_file_name ../spice/sky130.cdl
Ivs_enable_ports 1

Ivs _check shorts 1

Ilvs_check open 1

Ivs_check _macro 0

Ivs_check_matching 1

Ivs_check _unconnected_pins 1

# call lvs
HHHHHH AR
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erc gcdl_skyl130hd
erc gcdl_skyl130hd

HHHHHHHH R R
# set and generate report file
HRRHHR AR AR

#set

report_file_Ivs Ivs_summary.rpt

#report_Ivs

BT T
# load gui
B R R RS

load

gui

Settings Explained (3)

Key switches and how they shape the run:

init_tool_db ERC initializes the database speci cally for ERC analysis
(electrical-sanity checks rather than geometry DRC or SVS).

set_technode sky130 with read_Irf ../rule/sky130.Irf selects the
Sky130 rule context (device/primitive expectations, layers, nets).

set_top gcdl_sky130hd declares the hierarchical top for consistent cell
resolution in both layout and netlist domains.

set_num_cores 1lkeeps a deterministic baseline; set_die_area and
set_num_regions provide standard bounds/regioning.

read_gds ../gds/gcdl_ERCO002.gds loads the edited GDS that con-
tains the intentional VGND short at the buffer output; load_db ERCnal-

izes the ERC database. no_compare 1imits the run to electrical/connectivity
analysis (no polygon vs schematic comparison).
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e The Ivs_* knobs reuse LVS infrastructure for ERC: DatC netlist han-
dling, macro CDL for device pins, port enablement, and enabling checks
for shorts and opens .

» erc gcdl_skyl30Ohdexecutes the ERC engine (listed twice here, effec-
tively re-invoking the same run).

 load_gui launches the GUI with tabs: Errors & Warnings, Marker Browser,
ERC Summary Report, Histograms.

How to Run (4)

From a shell:
% LVR gcdl ERCO002.cmd

This runs ERC and opens the GUI. Reports/markers are accessible in the GUI
and logs.

Results & Screenshots (5-12)

Errors & Warnings (5-6).  Figure [20, shows numerous ERCERROOZEntries:
Power/Ground short VSS interacting with signal nets on MET1—e.g., net39,
net40, and bus bits such as req _msg[0], req_msg[11], req_msg[25], req_msg[30],
req_msg[31], etc. Database/layer-map warnings and a handful of VERWARNO12
opens are also visible but are secondary to the intended short.

Marker Browser (7-8).  In Figure 21, SHORT markers conrm VSS inter-
acting with the above req_msg[*] bits and net39/net40. Use single-marker
mode to step through each location in the viewer and observe the MET1 over-
lap near the bottom-left buf _1 output X
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Figure 20: Errors & Warnings for gcd1 ERC002
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Figure 21: Marker Browser for gcd1 ERCO0O02per-violation entries (type,
NetB).
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Figure 22: ERC Summary for gcd1 ERC002
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ERC Summary Report (9-10).  Figure summarizes the run: ERC Sta-

tus =PASSEShort Circuits =Short Detected , Open Circuits =None Detected
Additional elds show Sky130HD (130 nm), attened DB, GDSII, Full Check

veri cation, and stage timings. The type-counts section indicates (approxi-

mately) DBWARNL, LREERRORO014, DBWARNO0OY%, VERWARNO013%4, ERCERR00138.

® [ ] ERC Error Browsar

3 Frroes and Warnings Marker Brovser FRC Summary Repart JERTEE 00

IV SHORTS IOPEN T UNCONNECTED PINS

Franuancy

Bins (Ranges|

Figure 23: Histogram views for gcd1l ERCO0O02distribution of SHORTS; tabs
also provide OPEN and UNCONNECTED PINS.

Histograms (11-12).  As seen in Figure the SHORTS distribution clus-
ters in early bins—consistent with multiple instances of the same root cause

52
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(a VSS rail overlap with the buf_1.X network and its fan-outs), rather than
scattered random defects.

Debug tip

Zoom to the bottom-left of gcdl skyl130hd with MET1 enabled; follow the
markers associated with req_msg[*] near buf _1.X. Separating the MET1 seg-
ment from VGND (VSS) or removing the offending stub resolves the cluster;
re-run ERC to con rm SHORTS disappear and the histogram collapses.

2.6 Test Case: gcdl ERCOO3ERC)

Overview & Purpose (0, 1, 1.1)

Context identi cation:  The tag “ERC” in gcd1 ERCOO#dicates an Electri-
cal Rule Check .

Purpose of the test: This negative test validates ERC open/connection
checks when a required input pin is physically removed in layout. Concretely,
the Metall connection (author note: “metal 68/20”) to the A input pin of in-
stance clkbuf _1 (top-left) is deleted, leaving the pin unconnected. The objec-
tive is to con rm that the LVR/ERC ow:

loads Sky130 rules and the edited GDS containing the defect,

correlates layout connectivity to the reference netlist/library,

ags the missing wiring as UNCONNECTED_PIN/input-pin-open, and

reports it clearly via Errors & Warnings, Marker Browser, Summary (and
Histograms if present), with coordinates for fast GUI debug.
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Figure 24: Use-case for gcd1. ERCO03rules !

report/GUI debug.

Command File (2, 2.1)

GDS load !

ERC run !

Verbatim listing of gcd1 ERC003.cmdhese commands run LVR in ERC mode

for this test:

# initiatize tool DB
TR R R
#set_debug_mode_3049 0
init_tool_db ERC

# set techonlogy
HHAHH R R R R
set_technode sky130

# set top module

HHHHHHHH R R
set_top gcdl_skyl130hd

# set number of cores
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HHHHHHH R R
set num_cores 1

set_die_area 0 0 106060 106060
set_num_regions 1

#set_gds_flow 1

# read the rule file and gds
HHHHHHHHHH R
read_lIrf ../rule/sky130.Irf

read_gds ../gds/gcdl_ERCO003.gds
load_db ERC

no_compare 1

HHHHHHHH

# ERC settings

HHHHHHH R R R
Ilvs_set_datc_flow 1

Ilvs_set_spice_file_name test

Ilvs_set verilog_netlist_file_name ../verilog/sky130/ gcdl skyl130hd.v
Ivs_set_macros_cdl_file_name ../spice/sky130.cdl
Ilvs_enable_ports 1

Ivs_check shorts 1

Ivs_check open 1

Ivs check _macro 0

Ilvs_check_matching 1

Ivs_check _unconnected pins 1

# call Ivs

HHAHHHH AR R R
erc gcdl skyl130hd

erc gcdl skyl130hd
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TR R R R
# set and generate report file
HHHHHHHH R R
#set_report_file_Ivs Ilvs_summary.rpt
#report_Ivs

HHHHHH R R
# load gui
T
load_gui

Settings Explained (3)
Key switches and how they shape the run:

« init_tool_db ERC starts the tool in ERC mode for electrical-sanity checks
(not geometry DRC nor SVS).

» set_technode sky130 with read_Irf ../rule/sky130.Irf selects the
Sky130 rule context (layers, devices, macro pins).

» set_top gcdl_sky130hd declares the hierarchical top cell for both lay-
out and netlist correlation.

» set_num_cores lkeeps a deterministic baseline; set_die_area /set_num_regions
provide standard bounds/regioning.

» read_gds ../gds/gcdl_ERCO003.gds loads the edited GDS where the
clkbuf _1.A pin metal is intentionally removed; load_db ERCnalizes
the ERC DB. no_compare Xkeeps the ow focused on electrical checks
(short/open/unconnected).
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e The lvs_* knobs reuse LVS infrastructure: DatC netlist handling, macro
CDL for pin semantics, port enablement, and enabling checks for shorts ,
opens, and unconnected pins .

» erc gcdl_sky130hd executes the ERC engine (listed twice here, re-
invoking the same run if desired).

 load_gui launches the GUI tabs: Errors & Warnings, Marker Browser,
ERC Summary Report, Histograms.

How to Run (4)

Execute from a shell:

% LVR gcdl ERCO003.cmd

This runs ERC and opens the GUI. Reports/markers are available in the GUI
tabs and logs.

Results & Screenshots (5-12)

Errors & Warnings (5-6).  Figure shows database/layer-map warnings
and open-net notices from the verilog context. The key ERC items are:

« ERCERROG3'Input pin Aof instance u_3337is unconnected” (schematic/layout
correlation),

* ERCERRO19The pin Aof instance u_3337 of the layout is unconnected,
this will lead to ERC mismatches”,

* plus an LVS source-pin mismatch category consistent with the removed
metal on clkbuf _1.A.
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Figure 25: Errors & Warnings for gcd1 ERC003
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Figure 26: Marker Browser for gcd1 ERCOG3UNCONNECTED_PIN at pin A
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Marker Browser (7-8).  As seen in Figure [26] the single marker enumerates
an UNCONNECTED_PIN on pin A Use single-marker mode to jump directly
to the coordinates in the viewer and verify the missing Metall stub near the

top-left of clkbuf _1.

Figure 27: ERC Summary for gcd1 ERC003

ERC Summary Report (9-10).  Figure summarizes the run: ERC Sta-

tus =PASSEI[Short Circuits =None Detected Open Circuits =None Detected

The instance-match percentage is about  997% with Total Errors around
19 and Total Warnings around 118 Skyl130HD (130 nm), attened DB,
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GDSII, and stage timings are also reported.

Debug Tip

In the GUI (MET1, MCON, and text layers on), pan to the top-left of the
clkbuf _1 instance (coordinates near the noted “68/20"). The selection panel
will list clkbuf -1 u 3337 and a marker like EROMARK1000ith type UNCON-
NECTED_PIN at pin A Restoring the Metall connection (or adding a via/Ll
stub to the pin) clears the error on re-run.

2.7 Test Case: gcd1 ERCO04ERC)

Overview & Purpose (0, 1, 1.1)

Context identi cation:  The tag “ERC” in gcd1_ ERCO004ndicates an Electri-
cal Rule Check .

Purpose of the test: Validate ERC open/connection checks when a re-
quired output pin is physically removed in layout. In this negative test, the
Metall connection (author note: “metal 68/20”) to the X output pin of instance
clkbuf _1 (top-left) is deleted, leaving the pin open. The objective is to con rm
that the LVR/ERC ow:

loads Sky130 rules and the edited GDS containing the defect,

correlates layout connectivity to the reference netlist/library,

ags the missing wiring as UNCONNECTED_PIN/output-pin open (and
source-pin mismatch),

and reports it clearly via Errors & Warnings, Marker Browser, Summary
(and Histogram if present), with coordinates for fast GUI debug.
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Figure 28: Use-case for gcd1 ERCO004 rules !

report/GUI debug.

Command File (2, 2.1)

ERC run !

Verbatim listing of gcd1 ERC004.cmdhese commands run LVR in ERC mode

for this test:

# initiatize tool DB
R
#set_debug_mode 3049 0
init_tool_db ERC

# set techonlogy
HHHHHHHH
set_technode sky130

# set top module
HHAHH R R R R

Fast multi-million gate Physical Veri cation

62



set_top gcdl_skyl130hd

# set number of cores

HHHHHHHH R R
set_num_cores 1

set_die_area 0 0 106060 106060
set_num_regions 1

#set_gds_flow 1

# read the rule file and gds
T
read_lIrf ../rule/sky130.Irf

read_gds ../gds/gcdl_ERCO004.gds
load_db ERC

no_compare 1

HHHHHHHH

# ERC settings

HHHHHHH R R

lvs_set datc_flow 1

Ilvs_set_spice_file_name test

Ilvs_set verilog netlist_file_name ../verilog/sky130/ gcdl skyl130hd.v
Ilvs_set _macros_cdl_file_name ../spice/sky130.cdl
Ilvs_enable_ports 1

Ivs _check shorts 1

Ivs_check open 1

Ivs_check_macro 0

Ivs_check_matching 1

Ivs _check unconnected pins 1

# call Ivs
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HHHHHHH R R
erc gcdl_skyl130hd
erc gcdl skyl130hd

HHHHHHH R R R R R
# set and generate report file
HHHHHHHHHH R
#set_report_file_Ivs Ilvs_summary.rpt
#report_Ivs

HHHH AT R
# load gui

HHHHHH AR H R R R R
load_qui

Settings Explained (3)

Key switches and how they shape the run:

* init_tool_db ERC starts the tool in ERC mode (electrical-sanity checks
rather than geometry DRC or SVS).

» set_technode sky130 with read_Irf ../rule/sky130.Irf selects the
Sky130 rule context (layers, devices, macro pins).

» set_top gcdl_sky130hd declares the hierarchical top cell for both lay-
out and netlist correlation.

» set_num_cores lkeeps a deterministic baseline; set_die_area /set_num_regions
provide standard bounds/regioning.

» read_gds ../gds/gcdl_ERCO004.gds loads the edited GDS where the
clkbuf _1.X metal is intentionally removed; load_db ERCnalizes the
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ERC DB. no_compare lkeeps the ow focused on electrical checks
(short/open/unconnected).

e The lvs_* knobs reuse LVS infrastructure: DatC netlist handling, macro
CDL for pin semantics, port enablement, and enabling checks for shorts ,
opens, and unconnected pins .

» erc gcdl_skyl130hd executes the ERC engine (listed twice here, re-
invoking the same run if desired).

* load_gui launches the GUI tabs: Errors & Warnings, Marker Browser,
ERC Summary Report, Histograms.
How to Run (4)
From a shell:
% LVR gcdl_ERCO004.cmd
This runs ERC and opens the GUI. Reports/markers are accessible in the GUI
and logs.
Results & Screenshots (5-12)

Errors & Warnings (5-6). Figure shows the key ERC ndings for this
scenario:

« ERCERROO3“Output pin X of instance u_3338is dangling and uncon-
nected”,

* ERCERRO19The pin Xof instance u_3338of the layout is unconnected,
this will lead to ERC mismatches”,

* plus LRF syntax errors around lines 333-339 (rule- le cleanup recom-
mended) and an LVS source-pin mismatch message consistent with the
removed X connection.
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warring] YER| WARNDZ: Tha net VDD fram warileg fia . farilogiskyl 26/psd1 s 120k y is opan
owarning| VERI_WARKNDIZ: Tra net W55 from veriod file fvenloa’s i 300q0e_sky130hd v Is cpen
[20285-09-02 0225:63] [warning] YER_WARNDZ: The nel nelS4 Nam v rlluu h - varilogisky1 30fned _sky130hd v is open

ROPG-E-0 ¢ 3] warring] WER| WARNDZ: Tha net cts? from verilzg file . fuerilagsky1300gam] skyl 20kd.s = o
ERL - Uncateqorized

[2025-09-02 03:23:54] [erre] ERC_ERRAZA: Output pin X &1 ingtance u_333E is dengling and uncennected

[2026-08-02 02:236L] [ern] ERC_ERRD hie Fstees inpLtlE af the scherratis resmaived ureatched

[R025-0-02 G912 EGA] [arror] ERC_ERRGID: Tha pin % af instanca of tha laysut u_3338 is unconnectad, this will laad to ERC mismatchas
LRF Errees - layout rue flle emors

[2026-08-02 0%:25:63] fener] LAF_ERROOT: Syrw errar in Il file ot line 333, pleass refer LVR LRF docamen zian

i taw merar in e file at line 234, plaase rafar LR | RF oo i

wnteet eror in it file 87 line 335, paese refer LVR LRF docurmentaton
it eerar in el Tile ot ling 338, please relar LVR LRF gacurrentatian
3] [errer] LRF ERROOT e perar in e file at line 337, o 2 refer LVR LAF dacumentation
3] lerror] LRF_ERROOT: .‘.wr & erorin Iri file 8t line 33E. plasse rafer LR LRF documantatian
3] Terrer] LRF_ERROOT: Syntas evor in Iri file at line 338, piease refer LVR LA docamentation

Other
LWs003 - Saurse Pin Mismatch
[2025-08-02 UE2ES4] [erro] LYS_ERROOZ: Pln X of Instance u_3333 Is cpen and unconnectzd

Figure 29: Errors & Warnings for gcd1 ERC004
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Figure 30: Marker Browser for gcd1 ERC004multiple UNCONNECTED_PIN
markers at pin X
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Marker Browser (7-8).  As seen in Figure [30] three markers enumerate UN-
CONNECTED_PIN at X Use single-marker mode to jump to each location in
the viewer and verify the missing Metall stub near the top-left of clkbuf _1.

Figure 31: ERC Summary for gcd1 ERC004

ERC Summary Report (9-10).  Figure summarizes the run: ERC Sta-
tus =PASSE[Short Circuits =None Detected Open Circuits =None Detected
Additional elds show Sky130HD (130 nm), attened DB, GDSII, Full Check
veri cation, stage timings, and counts such as Unconnected Pins (notably
higher due to the removed X connection).
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Debug Tip

In the GUI, enable LI, LITXT, and MET1T XThen pan to the top-left of the
clkbuf _1instance. The selection panel lists the celland UNCONNECTED_PIN
markers for pin X Restoring the Metall connection (or adding a via/Ll stub to
the pin) clears the errors; re-run ERC to con rm the marker list is empty and
the summary counts drop.

2.8 Test Case: gcd1 ERCO05ERC)

Overview & Purpose (0, 1, 1.1)

Context identi cation:  The tag “ERC” in gcd1 ERCOO%ndicates an Electri-
cal Rule Check .

Purpose of the test: This negative test demonstrates ERC short detec-
tion when a signal net is unintentionally shorted to a rail in the Sky130 GCD
layout. The stated scenario is “top-mid net24 shorted to ground (use 68/20)".
In the provided run screenshots, the engine ags a set of power/ground shorts
involving net24 and a rail on MET1—speci cally messages of the form “VDD
interacting with net24 on MET1 " appear in the Errors & Warnings view,
indicating a rail tie at the top region of the cell. The objective is to verify that
LVR/ERC:

loads Sky130 rules and the modi ed GDS for the scenario,

extracts connectivity and correlates it to the reference netlist/library,

reports the short(s) through Errors & Warnings, Marker Browser, Sum-
mary, and Histograms,

and enables quick localization of the fault in the GUI.
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Figure 32: Use-case illustration for gcd1 ERCOO5rules !

run! report/GUI debug.

Command File (2, 2.1)

GDS load !

ERC

Verbatim listing of gcd1 ERC005.cmdhese commands run LVR in ERC mode:

# initiatize tool DB

HH R R ]
#set_debug_mode 3049 0
init_tool_db ERC

# set techonlogy
HHAHHHH AR R R
set_technode sky130

# set top module

GRS R R R
set_top gcdl_skyl30hd
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# set number of cores
HHHHHHHH
set_num_cores 1

set _die_area 0 0 106060 106060
set_num_regions 1

#set_gds_flow 1

# read the rule file and gds
HRAHHR AR AR
read_Irf ../rule/sky130.Irf

read gds ../gds/gcdl ERCO005.gds
load_db ERC

no_compare 1

HHHHHHH R R R

# ERC settings

R R
lvs_set_datc_flow 1

Ilvs_set spice_file_name test
Ilvs_set_verilog_netlist_file_name ../verilog/sky130/
Ilvs_set_macros_cdl_file_name ../spice/sky130.cdl
Ivs_enable_ports 1

Ivs _check shorts 1

Ilvs_check open 1

Ivs_check _macro 0

Ivs_check_matching 1

Ivs_check _unconnected_pins 1

# call lvs
HHHHHH AR
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erc gcdl_skyl130hd
#erc gcdl_skyl30hd

HHHHHHHH R R
# set and generate report file
HRRHHR AR AR
#set_report_file_Ivs Ilvs_summary.rpt
#report_Ivs

HHAHH R R R R
# load gui
HHAHHHHAHH B AR R R
load_qgui

Settings Explained (3)

Key switches and how they shape the run:

« init_tool_db ERC initializes the database speci cally for ERC analysis
(electrical-sanity checks).

» set_technode sky130 +read_Irf ../rule/sky130.Irf select the Sky130
technology rules (layers, pins, device context).

» set_top gcdl skyl130hd declares the hierarchical top cell for consis-
tent correlation between layout and netlist.

e set_ num_cores 1keeps a deterministic baseline; set_die _area and
set_num_regions de ne the layout bounds and regioning.

 read_gds ../gds/gcd1l_ERCO005.gds loads the edited GDS that con-
tains the top-mid net24 rail short; load_db ERCnalizes the ERC database.
no_compare lkeeps the run focused on ERC rather than a polygon-vs-
schematic comparison.

Fast multi-million gate Physical Veri cation 72



* Ivs_set_* knobs reuse LVS infrastructure for ERC: DatC netlist han-
dling, macro CDL for device/pin semantics, port enablement, and en-
abling short /open/unconnected checks.

« erc gcdl_skyl30hdexecutes the ERC engine for the speci ed top cell.

 load_gui launches the GUI with tabs for Errors & Warnings, Marker
Browser, ERC Summary Report, and Histograms, enabling interactive
debug.

How to Run (4)

From a shell:
% LVR gcdl ERCO005.cmd

This runs ERC on the test case and opens the GUI. Reports and markers are
available in the GUI tabs and the log directory.

Results & Screenshots (5-12)

Errors & Warnings (5-6).  Figure[33|shows numerous ERCERROOCERCERR002
entries reporting Power/Ground short events on MET1. Examples visible in-
clude VDDOnteracting with net24, net22, net20, net25, netl8, and net6, as
well as speci ¢ Pin X shorted with power messages on a few buffer instances.
These are consistent with a deliberate rail overlap at the top-middle region.

Marker Browser (7-8).  Figure[34]lists SHORT markers including VD3 net24/net22/net20/net25
Loading a marker centers the viewer at the violation; the selection panel shows
the nets and layers involved (e.g., MET1) so you can con rm the top-mid tie.

ERC Summary Report (9—10).  Figure summarizes the run: ERC Sta-
tus =PASSEIShort Circuits =Short Detected ; Open Circuits =None Detected
Instance Match %  98.86%; Unconnected Pins 100; Total Errors  67;
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LN ] ERCE

Browsar

Marker Bravser  FRC Summary Repart Histsgrams

Catagerized Warnl s ad Erracs

A0PG-E-0 0] “warring] YER| WARNDZ: Tha net WSS from verdag file . Jerslagisky 1 30jges1 sky130hd. is cpen
[2025-09-02 UE:E0:20] [warning] VER_WARNDZ: Tha net nets4 from verilon file varilomisky] 30/aed1_sky120hat is open
12025-09-02 0228020 (warning] VERI_WARNDNZ: The nel netE? from verileq file . fverilag/sky130/ged1_sky130hd.v = open
ERC - Uneategorices
025~
2025-09-02 092D ZUI

_ERROO7: Found Powen'Srourd shart WD nteracting with rat1 o layer METT
% Found PowerGrourd shart VDD teracting with ret20 on layer MET1
Found Power{Graurd shart YD niteracting with rel22 an leyer YETT
FREC_FRROOT: Found PowsniGraurd shart WDI nteracting with rat?4 on layer METT
RC_ERROOT: Found PoweriGround short VDD mteracting with retZs on layer METT
ERC_ERRO0: Found PowerGrourd sharl DD nleracling wilh rel or yer MET1
. FRROO7: Found PreseriGraurd shart net18 interacting with WOD oo layer WMET1
FiC_ERRO0: Found PowentGrourd shart net2d nteracting with VDD on layer MET1
‘C_ERROOY: Found Power!Grourd sharl net22 interacting with VDD on layer MET1
C_ERRO07: Found PoweriGraurd shart net2d interacting with YOD o layer MET1
_ERROO7; Found Powen'Grourd short net2s nteracting with VDD on layer MET1
RC_ERROD: Found PoweriZrourd shart netd Interacting with YOO on layer MET1
RC_ERRAOO: and Powes{Graurd sharl VDD interacling with net18 on ayer MET1
FRC_FRROOZ: =ound PowenlGrauna shart YDI2 intaracting with rat?0 on layar METT
RC_ERROD. and Powen!Ground shart VDD Interacting with ret2E on laver MET1
_FCJ:RROOZ Found Power{Graundg shorl VDD interacling wilh rel24 on fayer MET1
C and Perr,'.srﬂlm shart VDI interacting with nat?h o e METI

.2025{@-:’2 G@

und Powen!Graung sharl net1d nlemc ingz with WOD on ayer MET1
ERC_FRRONZ: Found Power!Eraund shart net2d interacting with ¥OD on layer MET1
: rauna short netal intsracting with YOO o0 layer MET1
Found PowerGround short net2d nteracting with WDD on &yer MET1
[2026-09-02 09 and Powes{Graurd sharl net25 niteracting with ¥OD on layer MET1
[A0H-0rf-02 G FRU_FRROOZ: =pund PoeenfGraura shart neth intaracting with YO0 an layar METT
20Z5-0B-02 O 0] lerror] ERT_ERRDTT: Found shart VOO nteracting with net1d on layer WET1
i \g wilit el 20 an layer METT

h nMJ? an I1)vr MFTI

2025{'9 02 CaED 20|
0

_ERRO7F: Found short VIO int:
ol I:RRU')' Fawnd short netls intarsoting with VO3 an Ia','ar METT

K ERC_ERROTT: Found shuorl neld interacting with VDD o1 lages
1] [rrrar] ERC. ERRODT: Fin X of instanza u_4176 is shorted with o
1] [eror] ERC_ERRDDT: Pin % of instance u_A187 Is shorted with gower
1] [error] ERC_ERROO1: Pin X of instance u_4217 is shorled wih power

:21] [errar] ERC_ERROD1: Fin ¥ af instance u_4306 is shortzd with power

1] [ermar] ERC_ERRDDS : Tha instance insutzl of the schamatic ramaned unmstehad
1] [error] ERC_ERROODS : The instance ingutZE of the schematic remeined Jnmatcned
1] [errar] ERC_ERROODG : The instance incul 24 of the schematic emsned unmsiched
¥ 1] [prror] FRC_FRRODG : Tha instanca inguth of tha schamatic remainad unmatchad
LRF Erroes - layout rue tle emars

Olher

Figure 33: Errors & Warnings for gcd1 ERC005
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Figure 34: Marker Browser for gcdl ERC005 SHORT markers pinpointing
net24 $ rail overlap on MET1.
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‘oo ERC Error Browsar

Figure 35: ERC Summary for gcd1 ERCO005
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Total Warnings  118. Technology is Sky130HD (130 nm); DB format GDSII;
veri cation mode Full Check.

so0 ERC Error Browssr

43 Frrzes and Warrings Marker Bravsar  ERC Summary Repart [0

<oncomecrio s

Figure 36: Histogram views for gcd1 ERCOQ5distribution of SHORTS shows
clustering in early bins.

Histograms (11-12).  As shown in Figure 36| the SHORTS histogram is con-
centrated in a few early bins, characteristic of multiple instances of the same
root cause (a rail overlap) rather than random, scattered issues.
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Debug tip

In the GUI, enable MET1 and text layers, then pan to the top-mid of gcd1 sky130hd
Select any SHORT entry for net24; the selection panel will list the two nets
(signal and rail) and the exact coordinates. Separating the MET1 segment
from the rail (or removing the offending stub) clears the cluster of shorts; re-

run ERC to con rm the Summary shows no detected shorts.

2.9 Test Case: gcdl ERCO0GERC)

Overview & Purpose (0, 1, 1.1)

Context identi cation:  The tag “ERC” in gcd1 ERCOOéndicates an Electri-
cal Rule Check .

Purpose of the test:. Demonstrate ERC short detection when a functional
signal is unintentionally tied to a power rail. In this negative scenario the top-
right signal req _rdy is shorted to the VPWARil using a Metall rectangle of size
68/20. The goal is to verify that the LVR/ERC ow:

loads Sky130 rules and the edited GDS that injects the short,

extracts connectivity and correlates it against the reference netlist/library,

reports the error through the Errors & Warnings, Marker Browser, ERC
Summary, and Histograms tabs,

and localizes the issue precisely in the GUI for quick debug.

Command File (2, 2.1)

Verbatim listing of gcd1 ERC006.cmdhese commands run LVR in ERC mode
for this test:

# initiatize tool DB
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Figure 37: Use case for gcd1 ERCOOG rules !

report/GUI debug.

B RS
#set_debug_mode_3049 0
init_tool_db ERC

# set techonlogy
HHHHHHHH R R
set_technode sky130

# set top module
HHAHHHH AR R
set_top gcdl_skyl130hd

# set number of cores

HERHHAA R R A
set_num_cores 1

Fast multi-million gate Physical Veri cation

GDS load

ERC run !

79



set die_area 0 0 106060 106060
set_num_regions 1

#set_gds_flow 1

# read the rule file and gds
HHHHHHH R R R R R
read_Irf ../rule/sky130.Irf

read_gds ../gds/gcdl_ERCO006.gds
load_db ERC

no_compare 1

HHHHHH R R T

# ERC settings
HHHHHHHH

Ilvs set datc flow 1

Ilvs_set spice file_name test
Ivs_set_verilog_netlist_file_name ../verilog/sky130/ gcdl sky130hd.v
Ilvs_set_macros_cdl_file_name ../spice/sky130.cdl
Ivs_enable ports 1

Ivs_check_shorts 1

Ivs_check open 1

Ilvs_check_macro 0

Ivs_check _matching 1

Ivs_check _unconnected_pins 1

# call Ivs
HHHHHHHH
erc gcdl skyl130hd

erc gcdl skyl130hd

WO T TR T
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# set and generate report file
HHAHHHHAHH AR R R
#set_report_file_Ivs Ilvs_summary.rpt
#report_Ivs

HRRHHR AR AR R
# load gui

HHHHHHH R R T
load_gui

Settings Explained (3)

Key switches and their role:

init_tool_db ERC launches the engine in ERC mode (electrical con-
nectivity sanity checks).

set_technode sky130 withread_Irf ../rule/sky130.Irf selects the
Sky130 rule deck: layer map, device/pin semantics, ERC rules.

set_top gcdl_sky130hd de nes the hierarchical top cell shared by lay-
out and netlist correlation.

set_num_cores 1keeps a deterministic baseline; set_die_area and
set_num_regions set standard bounds/regioning.

read_gds ../gds/gcdl_ERCO006.gds loads the edited GDS with the in-
jected short; load_db ERCnalizes the ERC database. no_compare 1
keeps the run focused on ERC rather than polygon-vs-schematic com-
parison.

The Ivs_* controls reuse LVS infrastructure for ERC: netlist handling,
macro CDL for pin de nitions, enabling short , open, and unconnected-
pin checks.
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» erc gcdl_skyl130hd executes ERC; duplicated here to allow re-run in
the same session if desired.

 load_gui opens the GUI tabs: Errors & Warnings, Marker Browser,
ERC Summary Report, and Histograms.

How to Run (4)

From a shell:
% LVR gcdl_ERCO006.cmd

This executes ERC on the test case and opens the GUI. Reports and markers
appear in the GUI tabs and run logs.

Results & Screenshots (5-12)

Errors & Warnings (5-6).  Figure[38/shows numerous ERC short messages
on MET1. Examples include “Power/Ground short req _rdy interacting
with VDD on layer MET1and many VSS$ req_msg[n] interactions, con-
sistent with a rail short introduced near the top-right corner.

Marker Browser (7—8).  The table in Figure lists multiple SHORT mark-
ers. Early rows include req_rdy $ VDDfollowed by several VSS5 req_msg[n]
entries. Selecting any marker centers the GUI on the violation and shows the
participating nets/layers (e.g., MET1) in the selection panel.

ERC Summary Report (9-10).  Figure summarizes the run: ERC Sta-
tus =PASSEIShort Circuits =Short Detected ; Open Circuits =None Detected
Instance Match %  97.15%; Unconnected Pins 103; Total Errors  149;
Total Warnings  118. Technology is Sky130HD (130 nm); database format
GDSII; veri cation mode Full Check.
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LN ] ERCE

Browsar

Marker Bravser  FRC Summary Repart Histsgrams

Catngerized Warnias ad Errocs 1=
Othe
ERE - Unecatgorized

2025-09-02 08:48:13) |errer] ERC_ERROCT: Found Power!Ground shart WSS Interacting with net3s on laver MET1
12026-08-02 0F:48:13] [errer] ERC_ERRAAT: Found PowerGeund sharl VSS inlerclivg wilh neldd on layer WET
[A026-09-09 G8083] [arrer] FRE_FRAGET: Found PowsgBGround shart WSS intaracting with raq_msg[0] o0 layer WFT1
20Z5-0E-U2 3] [errar] ERC_ERRUC: Found PowerGrourd shart WSS intarscting with recLmzal11] on iayer MET1
20285-09-02 05:£48:13) [errer] ERC_ERRICT: Found Power!Grourd sharl WSS inleraclivg wilh req_rrsg [28] an leper MET1
2025 2 ¢ 3] [errsr] EREERAGET: Found PowedGraund shart WSS intaracting with req_msg[27] on layer WMET1
(2025-09-02 U 8:13] [arrer] EAC_ERRU: Found PowerGround shart VS intaracting with rec_msa (2] an lavar METT
12025-08-02 TF 3] [errer] ERC_ERROOT: Found PoweGround shart WSS interacting with ren_meg [30] on laver ET1
[2026-08-02 024813 [arrse] ERC_ERAGT: Fourd PoweGraurd sharl V5 inlarsctivg with res_msg [3] 20 lsyer WET1
{002 A E3] [arrsr] BRC_ERRGGT: Found PowerGround shart Y55 intarscting with rasp_msg[11] o layer METT
2025-09-02 08:4813) |errer] ERC_ERROCT: Found Power/Ground short WSS Interacting with resp_msg|[14] on layer MET1
12026-09-02 02048:13] [errsr] ERC_ERRASY: Found PoweyGraund sharl VSS inleraclig wilh resp_nsg[15] on kyer METY
0260909 G80R3] [arrer] FRE_FRAGHT: Found PowegBGraund shart nat38 intaracting with WSS on lager MET1
20Z5-0-02 3] [errer] ERC_ERRUU: Found FowerGround shart netad interacting with WES on laver MET1
[2028-09-02 05:£48:13) [errer] ERC_ERRICT: Found Power|Ground sharl neld3 irleracling with WSS on layer MET1

2025 2 ¢ ] [errsr] EREERAGET: Found FowedGraund shart saq_ msg[0] interacting with V32 2n lsyer WETT
[2025-U3-02 U904 8:13] [errer] ERC_ERRUUT: Found PowenGround shart raq_msa(11] intarscting with WSS on ayer MET1

3] [erred] ERC_ERROCT: Found PoweGround shart red msgl 23] nteracting with WSS an leyer METT

3] [arrsr] ERC_ERRAGEE: Found PowedGraund shart req_msg[27] i th WSS o Layer MET1

3] [arrsr] ERC_ERROG: Found PowerGrourd shart ran_msz[24] interacting with W55 on leyer W17

13 |error] ERC_ERROCT: Found PowerGround shart rec el 30] Interacting with VS5 on laver WETT

3] [eerrizr] ERC_ERRQSY: Found PowesGraund sharl reg_rmsg[31] inleratting wilh VS an lager MET1

73] [arrer] FREC_FRRGOT: Found FowsdBraurd shart ran_msg[8] interacting with VES o layer MFT1

13 |arrer] ERC_ERROC: Found PowerGrouna shart recrdy interacting with ¥OD an layer MET1

:13] [erred] ERC_ERRSST: Found Powed/Ground sharl resp_msg[17] inleracling with W5 oo lager WET1

] [errsr] ERCERRAGE i

1 [rrer] ERC_ERRUG

Found PowerGraund shart resp_msa[11] interacting with VS5 on layer MET1
3] [erres] ERC_ERROCT: Found PoweGround shart resp_rmsg15] interacting with W58 on layer MET1

:13] [arrsr] ERC_ERRAGO2: Found PowerGround sheet WSS intersting with 1et38 o layes METY

3] [arror] ERC_ERROGG2: Found PowerGraund shot WSS intersating with netad on layer METT

3] [errer] ERC_ERROOZ: FoLnd Fower!Ground shoet WSS Intersting with recrmsg| 0] on laver METT

3] [eerrizr] ERC_ERRQS2: Found FoverGraund shel VES inlerssting with ren_rrsg[17] on lyer METT

12] [arrn] FRE FRRGGE i i ran_m=a[25] an layar METT

3] [errer] ERC_ERRUUZ: Found Fower!Ground short WSS interacting with rec_mea|27. on layer MET1

3] [errer] CRC_ERRTO2: Fuwnd Puveer!Ground shoel WSS inlerscli iLh ren_rivsp[29] on layer YET1
] ERE ERROGH: 55 man mg[30] e layes METT

or] ERC_ERRUUZ: Found PowerGround short WSS interssting with rec_rmsa[3] on laver MET1

3] [erred] ERC_ERROC2: Fouad PoverGround short WSS interasting with resp_rmsg [11] on layer MET1

3] [errsr] ERC_ERAGAZ: Found FoweryGraund shoet VS i g with remp_resg[14] an lypar MET!

113] [arror] ERC_ERRGG: Found FowerGround short WSS interacting with rasp_rrea [15] on l3yer METT

3] [errer] ERC_ERROOZ: Found Fower!Greund shoet net38 Interacting with W55 on layer MET1

3] [eerrzr] ERC_ERRQA2: Found FowerGreund shuel neldD inlersciing with WSS o lager MET1

73] [arrer] FRC_FRRGGP: Found FowerGraund short nat43 intaracting with V&S o layer MFT1

:13] lerrer] ERC_ERRUUZ: Found FowerGraund shert rea_msalt] interactng with W3S oo layer MET1

3] Jerrer] CRC_ERAGOZ: Fouad PuwerGraund sheel req_insgl 1] inlersclivg wil WSS o layer MET1

3] [arrsr] FREFRAGA: Found PowegGreund shoet raq msg[25] irteracting with V52 an lryar MET

3] [arror] ERC_ERRUCZ: Found FowerGround short raa_msa(27] interscting with WSS on layer MET1

1 [errer] ERC_ERROO2: Mouad PowerGround shol req_msnl 28] interacting with V53 en laver WET1

THOPG-0E-0
[2025-0-

Figure 38: Errors & Warnings for gcd1 ERC006gcd1l ERCOO&rr _rpt.png ).
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ERC: Summary Repart Histograms

Figure 39: Marker Browser for gcd1 ERC00§gcd1l ERCOOQ6nrk rpt.png ).
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Figure 40: ERC Summary for gcd1 ERC006gcd1l ERCOO0&umrpt.png ).
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gcdl_ERCO006_histo_rpt.png

Figure 41: Histogram views for gcd1 ERC00§gcd1l ERCOO0Gisto _rpt.png ).
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Histograms (11-12).  As seen in Figure [41] the SHORTS histogram is heav-
ily concentrated in the rst few bins, indicating many markers arise from a
single underlying cause (the req_rdy! VDRDie) rather than random dispersion.

Debug Tips

Enable MET1, MET1 text, and (optionally) MET2 in the viewer. Pan to the top-
right region of gcd1 skyl30hdand select the rst SHORT marker for req _rdy .
The selection panel lists the two nets (req _rdy, VDDand coordinates. Remove
or separate the 68/20 MET1 patch from the VPWHail, then re-run ERC to
con rm the short disappears and the histogram collapses.

2.10 Test Case: gcdl ERCOO8ERC)

Overview & Purpose

Context identi cation:  The tag “ERC” in gcd1 ERCOO&dicates an Electri-
cal Rule Check .

Purpose of the test: This negative test removes the bottom VPWR rail
on layer 68/20 (LI/M1 mapping per Sky130), causing many cell VPWRPBpins
to lose legal power connectivity. The goal is to verify that ERC detects un-
driven/unconnected power pins and reports them via Errors & Warnings, Marker
Browser, and the Summary, while the GUI enables quick localization of the
missing rail.

Command File (verbatim)

# initiatize tool DB

HHR R
#set_debug_mode_3049 0
init_tool_db ERC

# set techonlogy
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Figure 42: Use-case for gcd1l ERC008bottom VPWR row removed (68/20).

HHHHHH R R
set_technode sky130

# set top module
HHAHHHHAHH AR R R
set_top gcdl_skyl130hd

# set number of cores
PR T
set_num_cores 1

set die_area 0 0 106060 106060
set_num_regions 1

#set_gds_flow 1

# read the rule file and gds
HHHHHHHH
read_|Irf ../rule/sky130.Irf
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read_gds ../gds/gcdl_ERCO008.gds
load_db ERC
no_compare 1

HHHHHHH R R R R R

# ERC settings

HHHHHHHHHH R
lvs_set_datc_flow 1

Ilvs_set spice file_name test
Ilvs_set_verilog_netlist_file_name ../verilog/sky130/ gcdl_skyl130hd.v
Ilvs_set_macros_cdl_file_name ../spice/sky130.cdl
Ivs_enable_ports 1

Ivs _check shorts 1

Ilvs_check open 1

Ivs_check _macro O

Ivs_check_matching 1

Ivs_check _unconnected_pins 1

# call Ivs

HtHH R A
erc gcdl sky130hd

erc gcdl_sky130hd

HHHHHHH R R
# set and generate report file
HHHHHHHH
#set_report_file_Ivs Ilvs_summary.rpt
#report_Ivs

WO T T R R
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# load gui
HHAHHHHAHH AR R R
load_qgui

Settings Explained

* init_tool_db ERC selects ERC mode; no_compare lkeeps checks
electrical (not geometric).

» set_technode sky130 with read_|Irf .../sky130.Irf sets Sky130
rules; read_gds ... ERCO008.gds loads the edited layout.

* Netlist contextvia .../gcd1l_sky130hd.v and macro CDL .../sky130.cdlI
clari es supply/body pins.

» ERC toggles enable short/open/unconnected detection; load_gui opens
the review tabs.

How to Run

% LVR gcdl_ERCO008.cmd

Results & Screenshots

Explaining the results As seen in the Errors & Warnings view (Fig. [43),
the dominant messages are:

« ERCERRO08: Power pin VPWR is undriven-repeated across many
instances because the LI VPWR rail is missing under the bottom row.

« ERCERRO019: Pin VPB/VPWR is unconnected body/power pins no
longer reach a legal rail, producing unconnected-pin markers.

The Marker Browser (Fig. enumerates each violation instance by net/pin,
enabling rapid cross-probing into the layout. Finally, the ERC Summary Re-
port (Fig. aggregates counts (e.g., dozens of ERCERROCGERCERRO1P
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Catagerized Warnl s ad Erracs

ERC E

Browsar

Marker Bravser  FRC Summary Repart Histsgrams

T L
(0G0 -00 W00 58] [rrar] FRC_ERRODE;
(2025-08-U2 10:10:38] |evor] ERC_ERROOE:
12026-08-02 10°10:38] [errar] ERC_ERROOG:
TRR-06-07 10790 58] [errar] FRECERRO0E:
(2025-09-U2 10:10:38] [eror] ERC_ERRODE:
12026-09-02 10:10:38] [evror] CRC_ERROOG:
el 2 10900 38] [errar] ERCERRODA:
(RO 0 [ermar] ERC_ERRODE:
12026-02-02 10:10:38] [evor] ERC_ERROOE:
12026 2 10710:38] [error] ERC_ERRODA:
[0 -00 W0 58] [prrar] FRC_ERRODE;
(2025-08-U2 10:10:38] |&vor] ERC_ERROOE:
12026-08-02 10°10:38] [errar] ERC_ERROOG:
TAPR-06-07 10790 58] [errar] FRECERRO0E:
(2025-09-U2 10:90:38] [srror] ERC_ERRODE:
12026-09-02 10:10:38] [evrr] CRC_ERROOG:

10 35] [erar] ERCERRODE:
[error] ERC_ERRO0DE:

&

L [errar] ERC_ERROOE:
[0 -00 00 58] [rmar] FRC_ERRODE;
(2025-08-02 10:10:38] |ervor] ERC_ERROOE:
12026-08-02 10°10:38] [errar] ERC_ERROOG:
[A0G--02 W0 58] [rear] FRC.FRRODG:
(2025-8-02 10:10:38] [ermor] ERC_ERRODE:
12026-08-02 10°10:38] [e-rar] CRC_LRROOE:

12025-09-02 10:10:38] [ervor] ERC_ERRODE:
ROEE-0E- [errar] ERC_ERRO0E:
[A0G-0-00 0 58] [rmar] FRC_ERRODE;
(2025-08-02 10:10:38] |ervor] ERC_ERROOE:
12026-08-02 10°10:38] [errar] ERC_ERROOG:
[A0G--02 W00 58] [rear] FRC.FRRODG:

(2025-08-U2 10:10:38] |ervor] ERC_ERRONG :
12026-08-02 10:10:38] [er-ur] ERC_ERROTS :
TAFR-06-07 10790 58] [errar] FRC_ERROIS ©
(2025-09-U2 10:10:38] [eror] ERC_ERROS ¢
12026-09-02 10:10:38] [ervar] CRC_IRROTE :

58] [ermar] ERCERROIGE :
] [error] ERC_ERRONS ¢
58| [errar] ERC_ERROIE :
38 Terrar]l ERG_ERROIZ ;

: Pawer pin VPWR af instance 1 4187 is u
+ Pawer pin VPWR of instancs u_1183 i wdriven

: Pawer pin VPWR af instance 1 4277 i
1 Pawer pin VPWR of instancs u_1:0
+ Thee pin ¥PB of instance of the lavaut u_3344 is uncomnected, 1

+ The pin ¥PH af instance of tha ls)

T T
Pawar pin VPR of instanca u_4174 is undriven
Pawer pin VPE of Ingtancs 4156 |s urdrven
Pawer pin VPE of inswnoe u_4187 is undriven
Pawer pin VPR of i nea u_ 4153 is undrivan
Pawer pin YPE of ingtancs u_4208 is urdriven
Pawer pin VPE of instance u_4213 is undiiven
Pawer pin VPR of insmnce u_ 4715 is undriven
Pawer pin YPE of instanes u_4E17 is urarvan
Pawer pin VPE of ingtance u_4306 Is undriven
Pawer pin VPWR af i nce u_3544 is undriven
Pawar pin VPR af instanca u_3744 is undrivan
Pawer pin YPWR of Instance U_3763 Is undriven
Pawer pin VPWR af instance u_3816 is undriven
Pawer pin VFWR af instanca 13216 s wndriven
Pawer pin YPWR of instance L3321 is unriven
Pawer pin YPWR af inslance u_3823 & undriven
Pawer pin VFWR af instance 1 3842 55 undriven
Pawer pin YFWR of instance u_3352 is undriven
Pawer pin VPWR of instance u_3888 is undriven
Pawer pin VPWR af instance u_3888 i urdriven
Pawar pin YEWH af instanca u_3296 is undrivan
Power pin VPWR of Instance u_3233 s undrven
Pawer pin VPWR af instance u_ 4176 is undriven
Pawar pin VFWR af instanca 14174 is und
Power pin VPWR of Instancs u_a187 Iz undrven
Pawer pin YPWR af inslance u_3188 is uidriven
e

T T T T TR

wean

Pawer pin YPWR of instance u_a135 iz undriven
Pawer pin VPWR af instance u_42 uridriven
Pavar pin YEWH af instanca u_a272 is undriven
Pawer pin YPWR of Instance u_4213 Iz undriven
Pawer pin VPWR af instance u_4216 is undriven
Pawear pin VFWR af instanca 14217 is urdrvan

: Pawer pin VEWR of instance u_1257 is ungriven

Pawer pin YPWR af inslance u_4284 is urdriven

is will lead 10 ERC mismatches
of the lzyaut u_3744 is urconnested, ill lead 1o ERC mismatches
Ut L_2804 is uncannactad, this will lead to ERD msmatches
The pin ¥PB of Instance of the laysut U_3821 s unconnected. tals wil leas to ERC misratches
The pin ¥PB af insta of the leyaul u_3823 = uncennecled, this will lead o ERC nismalches
The pin ¥PR af instal of tha lzyaut 12264 is unconnestad, this will laad ta FREC mismatchas
The pin ¥PE of instance of the layout U_338E Is uncornected, this will leed to ERC mismstchas
Thie pin WPB af inslanze of Lhe leyaul u_3835 is unconneclad, this will lead 1o ERC misnelches
The pin ¥PR af instanze of the layaut i 2933 is uneonnectad, this will lead 1o ERC mismatches
The pin ¥PB of instance of tha laysut u_1175 is urconnestad, this will \ead o ERC mismatchas
The pin ¥PB of instance of the layaut U_4178 is uncornected, this wil lead to ERC mismatehe:

The pin ¥PH af instanze of the lvaut u 4186 = weznnectad, this will lead to ERC mi i

La

The pin WPB af i

Figure 43:

Errors & Warnings

VPWR/VPB pins dominate.
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3 Freoes and Warrings ht: T ERC Summary Repart Histogrames

Figure 44: Marker Browser: per-instance UNCONNECTED_PIN entries for
power/body pins.
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Figure 45: ERC Summary for gcd1 ERC008counts/time breakdown; failure
mode is missing VPWR rail.
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and notes zero open-circuit shorts, con rming that the failure mode is loss of
VPWR connectivity, not accidental shorts.

2.11 Test Case: gcdl ERCO09ERC)

Overview & Purpose

Context identi cation:  The tag “ERC” in gcd1 ERCOO®dicates an Electri-
cal Rule Check .

Purpose of the test:  This negative test removes the bottom VGND rail on
layer 68/20, isolating many cell VGNYNBins from the global ground. The goal
is to verify that ERC detects undriven/unconnected ground pins and reports
them clearly for fast repair and re-veri cation.

LVR [Layout Verification Reparter)

Fareesi Eanal
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Figure 46: Use-case for gcd1l ERC009%ottom VGND row removed (68/20).

Command File (verbatim)

# initiatize tool DB

Fast multi-million gate Physical Veri cation 94



HHHHHHH R R
#set_debug_mode 3049 0
init_tool_db ERC

# set techonlogy
HRRHHR AR AR R
set_technode sky130

# set top module
T
set_top gcdl_skyl130hd

# set number of cores
HHHHHHHHH R R
set_num_cores 1

set_die_area 0 0 106060 106060
set_num_regions 1

#set_gds_flow 1

# read the rule file and gds
T
read_|Irf ../rule/sky130.Irf

read_gds ../gds/gcdl_ERCO009.gds
load_db ERC

no_compare 1

HHHHHHHH
# ERC settings

FHHHH R R R
Ilvs_set datc_flow 1
Ilvs_set_spice_file_name test
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#lvs_set_verilog_netlist_file_name ../verilog/sky130
Ivs_set verilog_netlist_file_name ../verilog/sky130/
Ivs_set_macros_cdl_file_name ../spice/sky130.cdl
Ilvs_enable_ports 1

Ivs_check _shorts 1

Ivs_check open 1

Ivs_check_macro 0

Ilvs_check_matching 1

Ivs_check _unconnected pins 1

# call Ivs
TR R R R
erc gcdl skyl130hd

erc gcdl skyl130hd

HHHHHHHHH
# set and generate report file
HHHHHHH R R
#set_report_file_Ivs Ilvs_summary.rpt
#report_Ivs

TR R R R
# load gui

HHHHHHH R R
load_gui

Settings Explained

/gcdl_sky130hd.v
gcdl sky130hd_SVSO002A.v

e init_tool_db ERC +no_compare 1 ERC-only electrical checks.

 set_technode sky130, read_Irf ,read _gds  Sky130 rules + edited

layout with VGND row removed.
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* Logical context via Verilog ...SVS002A.v and macro CDL ensures cor-
rect supply/body pin semantics.

» ERC toggles report short/open/unconnected issues; GUI opens for in-
teractive debug.

How to Run

% LVR gcdl_ERC009.cmd

Results & Screenshots

Interpreting the viewer snapshot. When you select any UNCONNECTHID
marker in the LVR viewer and enable METMET1TX{&nd optionally LI /LITXT)
you'll see the lower rail absent beneath the affected standard-cell row. Pins
labeled VGNIYNBinside cells such as clkbuf _1 are physically isolated from
the global VSSpine, which is why the summary reports many undriven ground
pins despite no shorts. The remedy is to restore a continuous MET1 VGND
strap (68/20) across the row or to re-enable the power-ring/tap insertion step
in P&R.

2.12 Test Case: gcdl LVSO005(LVS)

Purpose and scenario.  This test belongs to the LVS (Layout Versus Schematic)
category, as indicated by its name gcd1 LVS005 The intent is to demonstrate
how LVS ags a mismatch when a dummy standard-cell instance is introduced
only in the Verilog netlist and is absent in layout. In this case, an extra instance
(e.g., splitl3 _dummyis added at the end of the synthesized netlist. Dur-
ing LVS, the tool extracts a connectivity netlist from the GDS and attempts to
match devices and instances between the two sources. Because the dummy
instance has no geometric counterpart, the run reports a schematic-only un-
matched instance and a degraded match percentage while still con rming that
there are no shorts or opens in geometry.
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Catagerized Warnl s ad Erracs

ERC Ei

Browsar

Marker Bravser  FRC Summary Repart Histsgrams

Otk
ERL - Uncategarized

12035

(20Z25-08-02 10

12025-09-02 10:
[2026-08-02 10-

12026-05-02 10
TROEG-0E-02 020
[2025-09-02 10

12025

2025-089-02 10:
[2026-08-02 10-

[2026-08-02 10:

(2025-09-02 10:20:36| [eror] ERC_ERROOS :
12026-08-02 10:20:38] [wrrar] ERC_ERROOE :
TA0G-H-00 020 56] [eear] FRCFRRONG :
(2025-09-02 10:20:36] (eror] ERC_ERROOS :
12026-03-02 10:20:38] [eror] ERC_ERROOE :
2 A0-20°56] [errar] ERCERROOG ©
[2025-09-02 10:20-36] [sror] ERG_ERRODS :
12025-09-02 10:20:36| [eror] ERC_ERROOS :

G-012 10-20°58] [errar] ERC_ERROOE :
: Thainstance ouiputss of the schamatic ramained vamatchad
: The Instance ouiputd D of the schematlc remealned Lnmatchad
: The instance oulpulds of e schemna,

(20Z5-0-02 10:20:36] [eror] ERC_ERROOS :

2028-03-02 10:20:38] [errar] ERC_CRROOS:

[2025-0-U2 0:20-36] [error] ERC_ERRODS
12026-09-02 10:20:36] [ervar] ERC_ERRODS:
12026-08-02 10:20-38] [erar] ERC_ERROOG

; Graurd pn VENE
56| [error] ERC_ERRODS:
I 6] [errar] ERC_ERRODS:
TAOFR--07 10700 56] [rrar] FRE_FRROO:
36| [error] ERC_ERRODS:
12026-09-02 10:20:38] [ervar] ERC_ERRO0S:
TR0G-08-07 0°20°56] [erar] ERG FRRO0S:
[2025-0-U2 10:20-36] [error] ERC_ERRODS
12026-09-02 10:20:38] [ervar] ERC_ERRODS:

-2 10020 56] [arror] ERC_ERRODD:
56| [error] ERC_ERRODS:
-38] [errar] ERC_ERROOG:
TAOR--07 10700 56] [arar] FRE_FRROO:
(2025-09-U2 10:20:36] [error] ERC_ERRODS:
58] [errar] ERG_CRRO0S:
6] [errar] ERCERRO0S:
36] [error] ERC_ERRODD:
12026-09-02 10:20:38] [ervar] ERC_ERRODS:
2 10:20-38] [erar] ERC_ERROOG
[2025-0%-02 10:20-36] [aror] ERC_ERRODD:
56| [error| ERC_ERRODS:
3] [errar] ERC_ERRODG:
(0250802 0020 36] [mrar] FRC_FRRODA:
(2025-09-U2 10:20:36] [error] ERC_ERRODS:
58] [errar] CRC_ERRO0S:
[ROR-06-07 10207 56] [erar] ERC ERROOS:
[2025-0-U2 10:20-36] [srror] ERC_ERRODD:
I 02 10:20:38] [ervar] ERC_ERROIS :

The Ingtance Ingut] of tie senematic remaned umstchad
The instance inoul1B of e schemalic remaned wimsliched
Tha instanca incut?0 of tha schamatic ramainad unmatchad
The instance Ingut2E of the scnematic rmaned unmestchad
The instance incul24 of e schemalic remaned uimalehad
The instance incut 26 of the schamatic remained Lnmatchad
Tha instance insut3 of the schematc remainad unmatshed
The instance ineut32 of the schematic remained unmatehed
The instance incutf af the schematic rernained uneratched

erizined unmaiched
Tha instanca outputd 3 of the schamatic ramaines nmatchad
Tha instance resufter?d of the schermatic remalned unmatched
Graurd pn YEND of inslence u_3544 is undriven

Graund pin Wik nea U 3744 is undriven

Ground pn YERE of instance u_3763 is undriven

Ground pin YEND of instence U_3E13 ' undriven

Graurd pin WEKD of e u_ 3818 is undriver

nstanca u_38Eis undriven

Ground pn VERD ¢f Instenca U_3E5E |s undriven

Sraurd pin VERD stance u_3BEE is undriven

Graund pn Wik of instanea u_ 2885 is undrivan

Graund pn YONKD of Instencs u_3933 ls unanven

Graurd pn YEND of inslence u_417E is undiven

Graurd pn WEKD nea u 4181 is undriven

Ground pn YEND of instancs u_1184 is undrivan

Graund pin YEND of instence u_4187 ig undriven

Graurd pin WEKD of in e u_4212 is undriven

Graund pn VKD of instanca u_1 313 is undrivan

Ground pn YEND of Instence U_4Z77 Is undriven

Sraurd pin VERD stance u_4284 is urdriven

Graund pn Wik of instanca u_4372 is undrivan

Ground pn VERD o Instenca U_A306 |8 uncven

Graurd pn YRE ol irstarce u_3B£44 is undriven

Graurd pin WhE of irstarce a 3744 is undriven

Ground pn VKB of instance u_3815 s urdnvan

Graund pin YNE of irstarce u_3821 is urdriven

Graurd pn WRE of irstarce u_3A88 s wndriven

Graund pn WRE of instance u_28045 iz undriven

Ground pn VKB of Instarce u_3833 Iz undriven

Graurd pn WHE of irstarce u_&173 is undriven

Graurd pn YhE of irstarce u_ 4186 is undriven

Ground pn VKB of Instarce u_4187 1= undriven

Graurd pn YRE ol irstarce u_$213 is urdriven

Graurd pn WhE of irstarce u 4217 is undriven

Sround pn VKB of instarce u_4306 15 undriven

The pin WVGND of instance of the layout u_3544 is uncanrected, this will lead te ERC rmzmatches

Figure 47: Errors & Warnings for gcd1 ERCOQ9 undriven/unconnected
VGND/VNB pins dominate.
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Figure 48: Marker Browser: UNCONNECTED _PIN entries localizing each af-
fected instance.
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Figure 49: ERC Summary for gcd1 ERC009counts/time breakdown; failure
mode is missing VGND rail.
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Figure highlights the engineered difference: the Verilog (right) con-
tains an additional buffer/split cell connected to nets dummytlummy,2vhile the
layout-derived netlist (left) ends without it. This is a common negative test used
to validate that the LVS deck correctly identi es extra logic in the schematic.

Figure 50: Use case for gcd1 LVS005 a dummy instance is appended to the
Verilog only; the layout has no corresponding geometry.

Flow overview. The command le initializes the LVS ow for the SKY130
technology, loads the golden layout (gcd1 sky130hd.gds), and points LVS to
a modi ed Verilog netlist gcdl sky130hd LVS005.vthat contains the dummy
instance. Standard checks are enabled: shorts/opens, port enablement, in-
stance matching, unconnected pins, and macro-library CDL support for sky130
cells. The run is invoked with lvs gcdl_skyl130hd and summarized with
report_Ivs , after which the GUI is opened for interactive debug.

Command le ( gcd1 LVS005.cmy

# initiatize tool DB
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HHHHHHH R R
set_debug_mode_3049 0
init_tool_db LVS

# set techonlogy
HRRHHR AR AR R
set_technode sky130

# set top module
T
set_top gcdl_skyl130hd

# set number of cores
HHHHHHHHH R R
set_num_cores 1

set_die_area 0 0 106060 106060
set_num_regions 1

#set_gds_flow 1

# read the rule file and gds
T
read_|Irf ../rule/sky130.Irf

read_gds ../gds/gcdl_skyl130hd.gds
load_db LVS

no_compare 1

HHHHHHHH
# LVS settings

FHHHH R R R
Ilvs_set datc_flow 1
Ilvs_set_spice_file_name test
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#lvs_set_verilog_netlist_file_name ../verilog/sky130
Ilvs_set verilog_netlist_file_name ../verilog/sky130/
Ivs_set_macros_cdl_file_name ../spice/sky130.cdl
Ilvs_enable_ports 1

Ivs_check _shorts 1

Ivs_check open 1

Ivs_check_macro 0

Ilvs_check_matching 1

Ivs_check _unconnected pins 1

# call Ivs

HHAHHHHAHH AR R
Ilvs gcdl_skyl130hd

Ilvs gcdl_skyl130hd

HHHHHHHHH
# set and generate report file
HHHHHHH R R
#set_report_file_Ivs Ilvs_summary.rpt
report_lvs

TR R R R
# load gui

HHHHHHH R R
load_gui

Settings explained (what the script does).

/gcdl_sky130hd.v
gcdl skyl130hd_LVSO005.v

* init_tool_db LVS selects the LVS app-mode within the LVR tool.

» set_technode sky130 chooses the SKY130 PDK context; read_Irf ../rule/sky130.Irf

loads the LVS rule le.
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» set_top gcdl_skyl130hd de nes the top design name consistently for
layout & schematic.

 Layout ingestion: read_gds ../gds/gcdl_sky130hd.gds parses GDS;
load_db LVSbuilds the LVS database. no_compare Iskips any geometry-
vs-geometry compare during DB load (faster setup for unit tests).

* Netlist side: Ivs_set_verilog_netlist_file_name ../verilog/sky130/ gcdl_sky130hd_
points to the modi ed Verilog that includes the dummy instance. lvs_set_macros_cdl_file_nan
provides transistor-level de nitions for sky130 cells if/when needed for
device recognition.

» Check controls: ports enabled; shorts and opens checks ON; macro
equivalence OFF (Ilvs_check_macro 0) to keep the focus on instance
connectivity; matching and unconnected-pin checks ON so schematic-
only instances are reported explicitly.

« Execution: lvs gcdl sky130hd runs the comparison. The duplicate call
is harmless and often used in regression harnesses.

* Reporting/GUI: report_Ivs writes a textual summary; load_gui opens
the interactive Error Browser for drill-down.

How to run.  From a shell in the run directory:
% LVR gcdl_LVS005.cmd

Replace the lename as needed. After completion, open the GUI (it auto-
opens via the script) to inspect errors/markers.

About Fig. The Errors & Warnings tab shows the key LVS ndings for this
test: an unmatched schematic instance  (LVS_ERRO0O05) and the summary
message indicating imperfect left-side matching (LVS_ERRO030). No geometry
shorts/opens are expected here because the layout was not modi ed—only
the Verilog was.
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XX LVS Error Browser

Marker Browser LVS Summary Repart Histograms

Catagerizad Warnings and Emors

Othes
[2025-09-03 08:36:19] [warning] DE_WARNODZ: Key not found: Layer will be ignored in the Tools run for layerMapData: 122
[2025-09-03 08:36:19] [warning] DE_WARNOD3: Key not found: Layer will be ignored in the Tools run for layerMapText: B3
[2025-09-03 08:36:19] [warning] DE_WARN: number of cores is set as 1
[2025-09-03 08:36:19] [warning] VERI_WARND1Z: The net VDD from verilog file . verilogisky 130/gcd1_sky130hd_LVS005. is open
[2025-08-03 08:36:19] [warning] VERI_WARNDZ: The net WSS from verilog file _fverilog/sky130/ged]_sky130hd_LVS00E is open
[2025-09-03 08:36:19] [warning] VERI_WARNONZ: The net _dumrmyl_ frem vesilog file . verilog/sky130jged_sky130hd_LVS00E.v is open
[2025-09-03 08:36:19] [warning] VERI_WARNOZ: The net durmmy2 fram verilog file - fverilog/sky1 30{ged]_sky130hd_LVS005.v is open
[2025-09-03 08:36:19] [warning] VERI_WARNDZ: The net nets4 from verilag file . fverilog/sky130/ged1_sky130hd_LVS00E.v is open
[2025-09-03 08:36:19] [warning] VERI_WARNDIZ: The net net? from verilog file . jverilogisky130/ged 1 _sky1 30hd_LVS005.v is open
LRF Efrors - layout rule file errors
[2025-09-03 08:36:19] [error] LRE_ERROOT: Syntax esror in .Irf file at line 333, please refer LVR LRF documentation
[2025-09-03 08:36:19] [error] LRF_ERROOT: Syntax error in Irf file at line 334, please refer LVR LRF documentation
[2025-09-03 08:36:19] [error] LRE_ERROOT: Syntax esror in .Irf file at line 336, please refer LVR LRF docurmentation
[2025-09-03 08:36:19] [error] LRE_ERROOT: Syntax error in Irf file at line 336, please refer LVR LRF documentation
[2025-09-03 08:36:19] [error] LRE_ERROOT: Syntax esror in Irf file at line 337, please refer LVR LRF docurmentation
[2025-09-03 08:36:19] [error] LRE_ERROOT: Syntax esror in .Irf file at line 338, please refer LVR LRF docurmentation
[2025-09-03 08:36:19] [error] LRE_ERROOT: Syntax esror in .Irf file at line 339, please refer LVR LRF docurmentation
LVS005 - Schematic Instance Unmatched
[2025-08-03 08:36:20] [error] LVS_ERROOE : The instance split13_dummy of the schematic remained unmatched
Othes
[2025-09-03 08:36:20] [error] LVS_ERRO30 error; No perfect left-side matching found!

Figure 51: gcd1 LVS0O=%error log: schematic-only unmatched instance (e.g.,
splitl3 _dummjyand a “no perfect left-side matching” message; LRF syntax
warnings are unrelated to the engineered mismatch.
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LR } LVS Error Browser

Figure 52: gcdl LVS005Marker Browser. For schematic-only mismatches
there are typically no geometric markers; the table remains empty until
device/shape-level issues are present.
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About Fig. Because the discrepancy is purely logical (extra instance in
the netlist), no physical error polygons are produced; hence the marker table

is empty.

LN ] LVS Error Browser

Figure 53: gcd1 LVS009.VS summary report: match percentage slightly be-
low 100% due to one schematic-only instance; no shorts/opens; categories
list includes the unmatched-instance class.

About Fig. The summary con rms overall health of the layout (no shorts/opens)
while agging the intentional mismatch. Instance/pin counts and match per-
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centage re ect the extra schematic device.

Figure 54: gcd1 LVSOOSHistograms tab. With no physical shorts/opens, the
distribution is sparse; this view is primarily for ERC-style metrics and remains
uneventful for a schematic-only mismatch.

Takeaways. This negative test is useful to validate that the LVS deck and
ow will not silently pass when extra logic appears in the schematic. The
correct remedy is to remove the dummy cell from the Verilog, or equivalently,
to ensure that layout and schematic netlists are regenerated from the same
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golden source.

2.13 Test Case: gcd1l LVS020(LVS)

Purpose and scenario  This application note demonstrates how the LVS
ow ags a top—level port mismatch when extra “dummy” ports are added
to the Verilog netlist but have no corresponding pins in the layout. The test
uses the SKY130 technology and the top cell gcd1l sky130hd The modi ed
schematic (gcd1l sky130hd LVS020.V) introduces additional ports (_.dummyl
dummy)2 which expands the module interface and subsequently affects in-
stance connections. Because the GDS layout still re ects the original inter-
face, device and pin mapping cannot be made one-to—one, leading to LVS
mismatches.

Figure 55 (usecase view) highlights the intentional changes on the Verilog
side: new ports in the module header and associated internal wires. Dur-
ing LVS, LVR extracts connectivity from the GDS, reads the golden (modi ed)
netlist, and then attempts instance/pin matching. With extra ports present only
in the schematic, the tool reports unmatched schematic objects and a lack of
perfect left—side matching.

What to expect from LVR  Typical messages for this setup include schematic
instance unmatched and matching failures (for example, “No perfect left-side
matching found”). There are no shorts or opens in geometry; the failure is
purely an interface/port-count discrepancy. The error report (Fig. 56) summa-
rizes these violations; the markers view (Fig. 57) is empty because this is not
a geometric issue; the summary report (Fig. 58) lists the run con guration and
counts; and the histogram tab (Fig. 59) shows no shorts/opens distribution (as
expected).

How to x / expected outcome Restore the original module interface (re-
move the extra dummy ports) or update the layout to add matching pins and
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routing. After the interface is consistent, rerun LVS and verify that instance/pin
matching reaches 100% with no unmatched devices.

Figure 55: Use case (gcd1 LVSO02Q: Verilog side with extra dummy ports vs.
original interface.

Command le (verbatim) The following command le runs LVR in LVS mode
for this case.

# initiatize tool DB

HHHHHHHHHHH R T
#set_debug_mode_3049 0
init_tool_db LVS

# set techonlogy
R R
set_technode sky130

# set top module
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HHHHHHH R R
set_top gcdl skyl130hd

# set number of cores

HHHHHHH R R R R R
set_num_cores 1

set _die_area 0 0 106060 106060
set_num_regions 1

#set_gds_flow 1

# read the rule file and gds
HHHHHHHHHH R R
read_Irf ../rule/sky130.Irf

read_gds ../gds/gcdl_skyl130hd.gds
load_db LVS

no_compare 1

R

# LVS settings

HRRHHR AR AR

Ilvs set datc flow 1

Ilvs_set_spice_file_name test

Ivs_set verilog_netlist_file_name ../verilog/sky130/
Ivs_set_macros_cdl_file_name ../spice/sky130.cdl
Ilvs_enable_ports 1

Ivs_check _shorts 1

Ivs_check open 1

Ivs_check_macro 0

Ilvs_check_matching 1

Ivs_check _unconnected pins 1
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# call Ivs
TR R R R
Ivs gcdl_skyl130hd

HHHHHHH R R R R R
# set and generate report file
HHHHHHHHHH R
#set_report_file_Ivs Ilvs_summary.rpt
#report_Ivs

HHHHHHH R R T
# load gui
HHHHHHHH
load_qui

About the settings (what they do)

* init_tool_db LVS selects LVS context inside LVR.

» set_technode sky130 loads the correct technology (layers, text layers,

device defs).

» set_top gcdl_skyl130hd sets the top cell for both layout extraction
netlist matching.

and

e read_Irf and read_gds load rule deck and layout; load_db LVS nal-

izes the DB in LVS mode.

* no_compare Xkeeps the run single-top focused without secondary com-

pares.

* Ivs_set_verilog_netlist_file_name ... LVS020.v points to the mod-

i ed schematic containing extra dummy ports (the core of this test).
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 Ilvs_enable_ports 1 ensures top-level port handling is enforced during
matching (critical for this port-mismatch use case).

» Checks enabled: shorts/opens (geometry sanity), macro off (not macro-
based check), matching on (device/topology matching), unconnected
pins on (reports pins without mates).

 Ivs gcdl_sky130hd launches extraction + matching; GUI can be loaded
with load_gui for visual inspection.

How to run  Place this command le in your run directory and execute:
%LVR gcdlLvVS020.cmd

Ensure the relative pathsto ../rule ,../gds , ../verilog/skyl30 ,and../spice
are valid inside your Overleaf or local project.

About Fig. 56  This screenshot lists the LVS violations triggered by the extra
dummy ports. With ports present only in the schematic, the layout side cannot
supply corresponding pins, yielding unmatched schematic instances and non-
perfect matching.

About Fig. 57  As this is not a geometry short/open, the marker table is typi-
cally empty; the issue is netlist-vs-layout interface disparity.

About Fig. 58 The summary conrms the ow stages, instance and pin
statistics, and roll-ups of warnings/errors produced by the mismatch.

2.14 Test Case: gcdl LVSO017(LVS)

Context (0). From its name, gcd1_LVS017 belongs to the LVS test family.
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Figure 56: Error report for gcd1 LVS020 Key messages indicate unmatched
schematic elements and lack of perfect left-side matching.
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Figure 57: Marker browser for gcd1 LVS020 No geometric markers are ex-
pected for a pure port-mismatch scenario.
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Figure 58: LVS summary report for gcd1 LVS020 Shows technology, run
stages, and error counts.
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Figure 59: Histogram tab for gcd1 LVS020 No short/open distributions appear
because the failure stems from port/interface mismatches.
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1.1 Description and purpose. This scenario demonstrates an unconnected
pin condition found by LVS: the layout pin Clis not connected to any net. In
practical terms, the metal shape that should tie the device/symbol pin C1lto
a routed net is missing or broken, so the physical connectivity extracted from
the GDSII cannot be matched to the logical connectivity in the Verilog/CDL.
The goal of this test is to validate that the LVS ow (via the LVR GUI) correctly
reports the open pin, localizes it with a marker, and summarizes its impact in
the run report.

Figure 60 shows the use case view where pin Clis visible in the layout
window. During LVS, the tool parses the rule le (skyl30.Irf ), reads the
design GDS (gcd1 LVS017.gd9, extracts connectivity, and compares it with
the schematic side (Verilog netlist plus macro CDL). Because Clis oating
in the layout, the comparison produces an unmatched/“open” pin diagnostic.
This is then echoed in the Error Browser as an unconnected pin under the LVS
categories and is also recorded in the summary.

To reproduce or extend this case, you can intentionally remove or isolate
the Clmetal stub or via stack so that extraction cannot reach any named net.
The check set (shorts/opens enabled, matching enabled, ports enabled) is
kept minimal and focused so the open pin is the dominant nding. This pattern
is common when:

* a pin text is present but the underlying metal is disconnected,
* a via between pin metal and route metal was deleted,

* a last—-minute ECO clipped a thin segment near the pin.

1.2 Command le.  The runis driven by the following .cmd script.

2. Verbatim copy of gcdl LVS017.cmd

# initiatize tool DB
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Figure 60: gcd1l LVS017 use case: layout view highlighting pin C1( oating)
that triggers the LVS open-pin error.
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HHHHHHH R R
#set_debug_mode 3049 0
init_tool_db LVS

# set techonlogy
HRRHHR AR AR R
set_technode sky130

# set top module
T
set_top gcdl_skyl130hd

# set number of cores
HHHHHHHHH R R
set_num_cores 1

set_die_area 0 0 106060 106060
set_num_regions 1

#set_gds_flow 1

# read the rule file and gds
T
read_|Irf ../rule/sky130.Irf

read_gds ../gds/gcdl_LVSO017.gds
load_db LVS

no_compare 1

HHHHHHHH
# LVS settings

FHHHH R R R
Ilvs_set datc_flow 1
Ilvs_set_spice_file_name test
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Ilvs_set_verilog_netlist_file_name ../verilog/sky130/
Ivs_set _macros_cdl_file_name ../spice/sky130.cdl
Ivs_enable_ports 1

Ivs _check shorts 1

Ivs_check open 1

Ivs_check_macro 0

Ivs_check_matching 1
Ilvs_check_unconnected_pins 1

# call Ivs

HHHHHH R R
Ivs gcdl_skyl130hd

Ilvs gcdl_skyl130hd

HHHHHHH R R R R
# set and generate report file
R
#set_report_file_Ivs lvs_summary.rpt
#report_Ivs

HHHHHH R R
# load gui
HHHHHHHH
load_gui

3. Settings explained (LVR/LVS focus).

gcdl_skyl130hd.v

« init_tool_db LVS selects LVS mode in the LVR environment.

» set_technode sky130 loads the SKY130 technology context used by

read_Irf .
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» set_top gcdl_sky130hd de nes the top cell for extraction and compar-
ison.

e read_Irf ../rule/sky130.Irf provides the layer map, extraction, and
comparison rules.

» read_gds ../gds/gcdl_LVS017.gds loads the layout to be extracted.

* load_db LVSactivates the LVS database for the current session; no_compare 1
keeps the ow single-database compare (no auxiliary DB compare modes).

 Netlistside: Ivs_set_verilog_netlist_file_name points to the gate-
level Verilog for the logical reference; Ivs_set_macros_cdl_file_name
supplies transistor-level/CDL models for standard cells and macros; Ivs_set_spice_file_name
sets a run tag.

e Checks enabled: Ivs_enable ports 1 includes top-level ports in match-
ing, Ivs_check shorts 1 and Ivs_check open 1 enable short/open
detection, Ivs_check_matching 1 turns on device/net matching, lvs_check unconnected_pi
speci cally reports oating pins—this is the key switch for the C1 nding.

» Two lvs gcdl_skyl130hd invocations ensure the database is up to date
before GUl/report viewing.

 load_gui opens the LVR GUI for browsing errors, markers, and sum-
mary.

4. How to run.  Invoke the ow from your shell:
% LVR <cnfde.cmd> e.g., % LVR gcdlLVvS017.cmd

This executes the script, generates the error/summary data, and opens the
LVR GUI for interactive debug.
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Figure 61: gcd1_LVSO017 error report: the LVS Error Browser ags Input pin
C1 of instance u 4266 is unconnected, and shows related “Source Pin
Mismatch / open” messages.
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6. Image description (Error Browser). Figure 61 shows the Error Browser
categories. Under ERC — Uncategorized and LVS003/005 you can see the
explicit diagnostics that pin Clis open in layout, leading to LVS mismatches
and no perfect left-side matching.

Figure 62: gcd1_LVS017 marker list: one UNCONNECTHEN marker for pin C1

8. Image description (Marker Browser). Figure 62 lists the single marker
generated for this case. Selecting it in the GUI centers the view on C1lso you
can inspect the missing metal/via connection.
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Figure 63: gcdl LVS017 summary: run metadata, technology, and counts;
shorts/opens show none global, while unconnected pins re ects the Clissue.
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10. Image description (Summary Report). Figure 63 captures the overall
metrics (node, database, veri cation mode) and the tallies. Even when global
“Short Circuits” and “Open Circuits” are none, LVS still reports the specic
unconnected pin, which is the actionable detail for this testcase.

Figure 64: gcdl1l LVS017 histogram: distribution widget for error classes (no
shorts/opens bars; case is dominated by the single unconnected pin).

12. Image description (Histogram). Figure 64 shows the histogram/heatmap
panel. As expected for an isolated open pin, there are no short/open bars; the
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error population is minimal and concentrated in the unconnected-pin class.

2.15 Test Case: gcd1 LVSO018(LVS)

Purpose and use case.  This experiment demonstrates an LVS “open net’
condition created by intentionally deleting a short metal segment on routing
layer 68/20 (SKY130 MET?2) that carries the clock net clk . When a conductive
segment is removed, the physical connectivity extracted from the GDS splits
the logical net into multiple islands; LVS then reports an open because the
schematic shows one connected net while the layout shows two (or more)
disconnected parts. Figure 65 illustrates the use case: a small MET2 run
between the clk pin of a buffer and the trunk route was deleted, breaking
continuity while leaving the rest of the geometry intact.

Operationally, this check is valuable for proving your signoff ow will ag
missing vias, dropped jogs, or trimmed metal stubs that often creep in during
ECOs, antenna xes, or manual edits. Because the open occurs on a high-
fanout signal (clk ), it is easy to visualize in the LVR viewer and the error
propagates to a single, high-signal-integrity marker.

Test setup summary.  The test runs the Layout Veri cation Reporter (LVR)

in LVS mode on SKY130, top cell gcd1l sky130hd The .Irf  rules and edited
GDS (gcd1 LVS018.gd9g are loaded; matching is performed against the golden
Verilog netlist. Core LVS options enable checks for shorts, opens, matching,
and unconnected pins. The run opens the GUI for interactive debug.

Command le ( gcd1 LVS018.cmy Verbatim listing:

# initiatize tool DB
TR
#set_debug_mode 3049 0

init_tool _db LVS
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Figure 65: Use case for gcd1l LVS018: a short MET2 (68/20) segment on clk
is deleted, breaking the net.
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# set techonlogy
HHAHHHHAHH AR R R
set_technode sky130

# set top module
HRRHHR AR AR R
set_top gcdl_skyl30hd

# set number of cores

HtH R
set_num_cores 1

set_die_area 0 0 106060 106060
set_num_regions 1

#set_gds_flow 1

# read the rule file and gds
PR
read_Irf ../rule/sky130.Irf

read_gds ../gds/gcdl_LVS018.gds
load_db LVS

no_compare 1

HHAHHHHAHH AR R
# LVS settings

HHAHHHH AR R R
Ilvs_set datc_flow 1
Ivs_set_spice_file_name test

Ilvs_set_verilog_netlist_file_name ../verilog/sky130/
lvs_set_macros_cdl_file_name ../spice/sky130.cdl

Ivs_enable_ports 1
Ivs _check shorts 1
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Ilvs_check open 1

Ivs_check _macro O
Ivs_check_matching 1
Ivs_check _unconnected_pins 1

# call Ivs
HHHH R R R R
Ilvs gcdl_sky130hd

HHEHH R R R R
# set and generate report file
HHAHHHHAHH AR R R
#set_report_file_Ivs Ilvs_summary.rpt
#report_Ivs

HHHHHHHH
# load gui

HHHHH R R
load_gui

What these settings do (LVR in LVS mode).

init_tool_db LVS selects LVS context so the tool extracts connectivity
from GDS and compares it to the logical netlist.

set_technode sky130 loads technology indices (e.g., MET2  68/20),
text layers, and pin layers used later in the viewer.

set_top gcdl_skyl130hd de nes the top cell for both extraction and de-
vice matching.

The block with read_Irf and read_gds supplies the rule deck and the
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edited layout where the MET2 gap on clk was introduced. load_db LVS
nalizes database preparation.

* no_compare Xkeeps the run single-sided for certain prechecks; the sub-
sequentlvs ... commands still perform device/net comparison against
the provided Verilog.

* The LVS options:

— lvs_check_open 1 is the key for this testcase—enables open-net
detection when a layout net is fragmented.

Ivs_check _shorts 1 ,Ivs_check unconnected pins 1 andlvs_check _matching 1

provide complementary coverage.

Ivs_enable_ports 1 ensures top-level port matching (useful when

the break is near 10 pins).

Ilvs_set verilog_netlist_file_name ... points at the golden
RTL-to-GDS netlist used for comparison.

Ivs_set_macros_cdl_file_name ...  provides primitive device def-

initions for leaf cells.

» Ilvs gcdl_sky130hd runs extraction, device matching, and report gen-
eration.

 load_gui launches the interactive viewer to inspect the open marker
and the broken islands.

How to run.  From a shell in the directory containing this command le:
% LVR gcdl LVS018.cmd

After the run completes, open the GUI (auto-launched by load_gui ) and use
Marker Browser to load the markers, then FindObjects to zoom to the open on
clk .
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Reports and screenshots. Figure 66 shows the Errors & Warnings panel.
The key message is “LVS_ERRO018: Open detected! Net clk is broken into 2
disconnected parts”. This con rms that the schematic contains a single clk
net while the extracted layout has two islands.

Figure 66: gcdl _LVS018 error report. LVS ags an open on clk caused by
the missing MET2 segment.

Figure 67 lists the markers found. There is a single OPEMarker (LVSMARKZ1000
tied to net clk . This helps quickly navigate to the break location.
Figure 68 is the run summary. Note that Open Circuits: Open Detected is
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Figure 67: Marker Browser for gcd1 _LVS018. One OPENharker on net clk .
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set, while shorts are absent. Match percentage remains 100% for instances,
indicating the issue is purely net connectivity.

Figure 68: Summary for gcd1l _LVS018. Instances match; an open circuit is
detected.

Figure 69 shows the histogram view. As expected for a single open, the
plot is sparse for the Open category with no activity in Shorts. The heatmap
provides a quick qualitative check that errors are not widespread.
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Figure 69: Histogram for gcd1l LVS018. One open dominates; no shorts.
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Debugging tips.  In the LVR viewer, enable layers LI, MET1land METZin-
dices 34, 39, 44 in SKY130) along with MET1TXMET2TXi see pin labels.
Selecting the OPEMharker highlights the two disconnected clk islands. Re-
store the missing segment (or via) and re-run the script; the open should dis-
appear and the summary will report “Open Circuits: None Detected.”

2.16 Test Case: gcdl LVSO019(LVS)

Purpose and Scenario

This usecase exercises the Layout Versus Schematic (LVS) ow by intention-
ally creating an unconnected input pin in the layout: the top-right pin Ais not
connected to any net on Metall (Sky130 layer 68/20). The goal is to demon-
strate how the LVR/LVS engine ags an open pin and how the GUI helps you
navigate to the exact physical location.

Figure 70 shows the layout view around the failing region. In this experi-
ment, the polygon for the net that should land on pin Ahas been removed so
the device's Aterminal is left oating. The check is run with standard LVS op-
tions enabled: shorts/opens, matching, and unconnected pin reporting. Typi-
cal signatures you should expect in the reports are:

» An “Unconnected Pin” marker for pin A

* An error entry indicating the source pin mismatch or open pin on the
layout side.

e Summary page showing LVS status PASSED but with “Unconnected
Pins” reported (no shorts; opens refer to global connectivity, whereas
an isolated oating terminal is tracked under unconnected pins).

Operationally, this scenario is valuable for signoff because oating con-
trol/data pins often slip through simulation but create unde ned logic levels in
silicon. The recipe below (Section 2.16) provides a minimal command le to
reproduce and study the behavior.
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Figure 70: gcd1 LVS019usecasel6.png
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Command File ( gcd1 LVS019.cmyl

The following is the exact command le used to run this test.

# initiatize tool DB
TR
#set_debug_mode 3049 0
init_tool db LVS

# set techonlogy
HHHHHHHH
set_technode sky130

# set top module
HHHHHHHHHH
set_top gcdl sky130hd

# set number of cores
AR
set_num_cores 1

set_die_area 0 0 106060 106060
set_num_regions 1

#set_gds_flow 1

# read the rule file and gds
HHHHHHHHHH R
read_|Irf ../rule/sky130.Irf

read_gds ../gds/gcdl_LVS019.gds
load_db LVS

no_compare 1

HHHH TR R R
# LVS settings
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HHHHHHH R R

Ilvs_set datc_flow 1

Ivs_set_spice_file_name test
Ilvs_set_verilog_netlist_file_name ../verilog/sky130/ gcdl_skyl130hd.v
Ivs_set _macros_cdl_file_name ../spice/sky130.cdl
Ilvs_enable_ports 1

Ivs _check shorts 1

Ilvs_check open 1

Ilvs_check _macro 0

Ivs_check_matching 1
Ivs_check_unconnected_pins 1

# call Ivs
B
Ivs gcdl_skyl130hd

R
# set and generate report file
HRRHHR AR AR AR
#set_report_file_Ivs Ilvs_summary.rpt
#report_Ivs

TR T R
# load gui

HHAHHHH AR R
load_qgui

What the Settings Do (LVR/LVS Options)

The script initializes the LVS database (init _tool _.db LV$ and targets the
Sky130 node. The top design is gcdl sky1l30hd Layout data come from
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gcd1 LVS019.gds rules are loaded via sky130.Irf . With load _.db LVSand
no_.compare 1 the run is con gured for direct LVS without separate golden
extraction comparison.

The Ivs _set _* options control matching and reporting:

* Ivs _set verilog _netlist _file _namepoints to the schematic netlist used
as the source of truth.

* Ivs _check_shorts /lvs _check_open enable physical shorts/opens de-
tection.

« Ivs _check_matching performs device/topology matching between lay-
out and schematic.

* Ivs _check_unconnected_pins 1 is crucial here—it reports oating or
missing connections on device pins (e.g., pin A).

 lvs _enable _ports 1 ensures top-level ports are treated as connectivity
anchors for matching.

The runis invoked by Ivs gcdl _sky130hd Reports are generated (interactive
GUI via load _gui) so you can browse errors and markers, then cross-probe
into the layout using the LVR viewer (common layers of interest for Sky130:
LI/LITXT, METMET1TX®&nd MCON

How to Run

From your LVR/LVS shell, execute:
%LVR <gcd1 LVS019.cmd

This will parse the rule and layout, load the schematic netlist, run LVS, and
bring up the GUI. Use the Marker Browser to jump directly to the “UNCON-
NECTED_PIN A” marker.
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Results and Reports

Figure 71: gcd1 LVSO019err _rpt.png

Figure 71 lists the primary issues for this run. You should see an entry indi-
cating that pin Ais open/unconnected on a layout instance (often also echoed
as a source pin mismatch). No global shorts are reported.

Figure 72 shows the Marker Browser summary. There is a single marker
of type UNCONNECTHR for pin A which you can double-click to navigate to
in the layout.
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Figure 72: gcd1 LVSO019mrk rpt.png
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Figure 73: gcd1 LVS019sumrpt.png
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The overall run statistics in Figure 73 show LVS status PASSED with very
high instance match percentage. “Unconnected Pins” is non-zero due to the
oating Apin; shorts/opens remain clean.

Figure 74: gcd1 LVSO01%histo _rpt.png

Figure 74 presents the histogram view. Because this testcase isolates
a single unconnected pin scenario, the histogram contains no shorts, and the
open category re ects only the localized pin-level condition rather than a global
open net.
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2.17 Test Case: gcdl XORO00IXOR)

What this test is (Step 0). From its name gcd1_XORO001, this check belongs
to the XOR category. So we set $context = XOR

Purpose and scenario (Step 1 & 1.1). This application note demonstrates
how an XOR check ags unintended geometry changes between two layouts.
In this testcase an extra diffusion (DIFF) polygon is intentionally added to
the “test” GDS while the “golden” GDS remains clean. The XOR engine com-
pares both databases and reports polygons that exist in one but not the other.
The added DIFF shape is therefore highlighted as a mismatch. The use-case
view in Fig. 75 shows a dense layout window with DIFF selected in the layer
control panel; the extra polygon is what ultimately drives the XOR error and
the subsequent summary shown later.

Command le (Step1.2,2 & 2.1). Below is a verbatim copy of gcd1 XOR001.cmd
It reads the Sky130 rules, the modi ed GDS ( gcd1_ XORO001.gdpsand the golden
reference GDS (gcdl1 sky130hd.gds), loads the XOR database, and runs
xor_check. GUI is prepared to display XOR results.

# initiatize tool DB
PR T
#set_debug_mode_3049 0
init_tool_db XOR

# set techonlogy
HHAHH R R R R

set_technode sky130

# set top module
HHAHHHH AR R
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Figure 75: gcd1 XORO0QLsecasel7.png. Use-case snapshot—XOR visual-
ization with DIFFlayer enabled.
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set_top gcdl_skyl130hd

# set number of cores

HHHHHHHH R R
set_num_cores 1

set_die_area 0 0 106060 106060
set_num_regions 1

#set_gds_flow 1

# read the rule file and gds
T
read_lIrf ../rule/sky130.Irf

read_gds ../gds/gcdl_XORO0O01.gds
read_gds2 ../gds/gcdl_skyl30hd.gds
load_db XOR

no_compare 1

R

# XOR settings

HRRHHR AR R

Ilvs set datc flow 1

#lvs_set_spice_file_name test

#lvs_set verilog_netlist_file_name ../verilog/sky130
#lvs_set_verilog_netlist2_file_name ../verilog/sky13
#lvs_set_macros_cdl_file_name ../spice/sky130.cdl
#lvs_enable_ports 1

#lvs_check_shorts 1

#lvs_check open 1

#lvs_check _macro 0

#lvs_check _matching 1

#lvs_check _unconnected_pins 1
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# call Ivs
HHHHHHHH
xor_check gcdl_skyl130hd
xor_check gcdl sky130hd

HHHHHHHHHH R
# set and generate report file
HRAHHR AR AR
#set_report_file_Ivs Ilvs_summary.rpt
#report_Ivs

HHHH R R R
# load gui

HHAHHHH AR R
set_gui_xor_result 1

#load_gui

How the settings drive the run (Step 3).

Key points from the command le:

« Two layouts are loaded : read_gds ingests the “test” layout with the

extra DIFF polygon, while read_gds2 loads the golden reference. Using

both is essential for polygon-wise comparison.

« XOR database : load_db XORsets the database mode so subsequent
operations are interpreted as XOR, not LVS/ERC/DRC.

* Rule deck : read_Irf ../rule/sky130.Irf

supplies Sky130 layer map

and tech context (layer names like DIFF used to normalize both layouts

before comparison.

» Engine invocation : xor_check gcdl_sky130hdruns the XOR on the

Fast multi-million gate Physical Veri cation

148



named top cell. Running it twice is harmless; many ows do this to
ensure the Ul is synchronized with results.

e GUI prep: set _gui_xor_result 1 instructs the GUI to present XOR
mismatches upon opening, making it easy to browse markers on layers
such as DIFF

Together, these settings isolate true geometric deltas. Any polygon present
only in the test (e.g., the added diffusion) will be reported as an XOR mis-
match.

How to run (Step 4). Execute the command le from your LVR/XOR shell
as:
%LVR hemd_ le.cmd |

For this testcase: %LVR gcdl XORO0O01.cnithe reports and GUI will then
re ect the XOR results.

Error report (Step 5 & 6). Fig. 76 shows the Errors & Warnings view list-
ing an XOR mismatch on layer DIFF. This corresponds to the single-sided
diffusion polygon we added; since it exists only in the test layout, the XOR
comparison ags it.

Marker browser (Step 7 & 8).  Fig. 77 lists the generated XOR markers
(each an occurrence of a geometry mismatch). You can click a row to zoom to
the exact polygonal difference in the viewer; for this testcase they concentrate
on DIFF

Summary report (Step 9 & 10). Fig. 78 is the run summary. It records the
XOR Status = MISMATCH and lists the count of XOR errors by layer (e.g.,
entries for DIFP. It also captures timing/stats for parsing, layer comparison,
and report generation for reproducibility.
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Figure 76: gcd1 XOROQZErr _rpt.png
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Figure 77: gcd1 XOROQMnrk rpt.png
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Figure 78: gcd1 XORO0QXkumrpt.png
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2.18 Test Case: gcdl XOR00ZXOR)

Purpose and scenario.  This example demonstrates a geometric compari-
son (XOR) failure caused by intentionally deleting a POLY polygon in the test
layout. The ow compares a modied GDS (gcdl XORO002.gdsagainst the
golden reference GDS (gcdl sky130hd.gds). Any shape that exists in only
one of the two layouts appears as an XOR mismatch. In this case, remov-
ing a POLY shape creates a non-overlapping region that is agged by the tool
as an XOR error on the POLY layer. The intent is to illustrate how a missing
transistor gate/poly feature is caught by XOR even when LVS/DRC might not
explicitly call it out.

Figure 79 shows the use-case view highlighting the POLY layer selection
and the dense pattern of instances; Figures 80, 81, and 82 capture the error
listing, marker table, and summary report produced by the XOR run.

Command le.  The complete command le used for this run is reproduced
verbatim below.

# initiatize tool DB

HHHHHHHH R R
#set_debug_mode 3049 0
init_tool_db XOR

# set techonlogy
BHHRHHHRHR AR R AR
set_technode sky130

# set top module

HHHH R R R
set_top gcdl_skyl130hd
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Figure 79: Use case view for gcdl _XORO002: POLY layer selected to visualize

where the deletion was made.

# set number of cores
T
set_num_cores 1

set_die_area 0 0 106060 106060
set_num_regions 1

#set_gds_flow 1

# read the rule file and gds
HHHHHHHH
read_Irf ../rule/sky130.Irf

read_gds ../gds/gcdl XORO002.gds
read_gds2 ../gds/gcdl_skyl130hd.gds
load_db XOR
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no_compare 1

HHHHHHHH

# XOR settings

HHHHHHH R R R R R
Ilvs_set_datc_flow 1

#lvs_set_spice_file_name test
#lvs_set_verilog_netlist_file_name ../verilog/sky130
#lvs_set verilog_netlist2_file_name ../verilog/skyl3
#lvs_set_macros_cdl_file_name ../spice/sky130.cdl
#lvs_enable_ports 1

#lvs_check_shorts 1

#lvs_check open 1

#lvs_check _macro 0

#lvs_check matching 1

#lvs_check _unconnected pins 1

# call Ivs
GRS R R R
xor_check gcdl_skyl130hd

TR R R R
# set and generate report file
HHHHHHH R R
#set_report_file_Ivs Ilvs_summary.rpt
#report_Ivs

HIHHHHHAHHIHH R AR

# load gui
HHHHHH R
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set_gui_xor_result 1
#HH#H##load_gui

What the settings do (how the LVR run is con gured).

 init _tool _db XORelects the XOR application mode in LVR, enabling
polygon-level comparisons between two layouts.

 set _technode skyl30loads the technology mapping used for layer names/indices.

 set _top gcdl_skyl30hddeclares the top cell name shared by both lay-
outs; the XOR engine compares shapes under this hierarchy.

« set_numcores 1, set _die _area, and set _numregions set runtime and
windowing options (single core, full die window here).

 read_Irf ../rule/sky130.Irf loads layer/rule formatting so the GUI
and reports use consistent layer labels.

» read_gds ../gds/gcdl _XORO002.gddoads the test (modied) layout;
read _gds2 ../gds/gcdl _sky130hd.gds loads the golden reference.

* load .db XORnalizes database construction for XOR mode; no_compare
1 disables netlist-based logic (not needed for pure geometric XOR).

e The commented Ivs _* lines are inert in XOR mode; they are kept for
template uniformity but do not affect polygon comparison.

» xor _check gcdlsky130hdruns the actual XOR comparison at the top
cell.

» set _gui xor _result 1 tells the GUI to open directly on the XOR results
for interactive review.
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Howtorun. Place the commands above in a le, for example gcd1 XOR002.cmd
then invoke:

% LVR gcdl_XOR002.cmd

This executes the XOR comparison and produces the error list, marker table,
and summary report. Open the GUI (if not auto-opened) to inspect markers
over the layout.

Figures and interpretation.

» Error report (Fig. 80): lists XOR_ERROO1 entries noting that an XOR
mismatch was found for polygons on layer POLY. This directly corre-
sponds to the deleted POLY shape in the test layout that no longer over-
laps with the reference.

» Marker browser (Fig. 81): shows a table of XORMARKitems, each rep-
resenting a non-overlapping polygon fragment. The count re ects how
many distinct regions of difference exist after Boolean XOR.

* Summary report (Fig. 82): aggregates mismatches by layer. Here, the
POLY layer shows a large non-zero mismatch count, con rming that the
discrepancy is con ned to POLY.

2.19 Test Case: gcdl XOR003XOR)

Use-case overview. This experiment exercises the XOR ow by intention-
ally shifting a set of LI (local interconnect) rectangles in the modi ed layout
and comparing it against the golden reference. The modi ed database is
gcd1l XORO003.gdsand the golden is gcd1 sky130hd.gds. An XOR check ge-
ometrically subtracts one layout from the other and reports any polygons that
do not cancel. When shapes are translated (even by one grid unit), the overlap
disappears and both the “missing” area in one layout and the “extra” area in
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Figure 80: gcdl XORO002 error list: XOR mismatches reported on the POLY
layer.

the other are agged as mismatches. Figure 83 shows the Layout Veri cation
Reporter with the LI layer selected to visualize the shifted rectangles.
Functionally, this scenario represents a common integration failure: a last-
minute ECO that moves metal to satisfy congestion or DRC without updating
the golden mask set. XOR is ideal here because LVS could still pass (no netlist
change), while XOR highlights the mask deltas precisely at polygon level.
Expected results. During the run, the Error Browser will list entries under
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Figure 81: gcdl XORO002 marker browser: catalog of XOR_MARK entries
(non-overlapping POLY regions).

the XOR Errors group (error code XORERROO)Lindicating “XOR mismatch is
found for a polygon on the layer LI". The Marker Browser will be populated
with many XORMARKitems—each is a clickable hotspot you can zoom to in
LVR. The Summary report will enumerate the count of XOR mismatches for
Ll. See Figures 84-86.

Debug tips. Toggle only LI (and optionally LI-TXT) in the LVR control
panel to reduce clutter; use FindObjects on a selected marker to highlight all
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Figure 82: gcdl _XOR002 summary: mismatch counts by layer, highlighting
POLY.

related polygons. Overlaying the two layouts and stepping grid by grid often
reveals uniform offsets indicative of a copy/move or alignment mishap.

Command le (verbatim). The following is the exact gcd1_XORO003.cmaked
to run the check.

initiatize tool DB
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Figure 83: gcd1_XOR003_usecasel9.png
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HHHHHHH R R
#set_debug_mode 3049 0
init_tool_db XOR

set techonlogy

HHAHH R R R R
set_technode sky130

set top module

HHAHHHHAHHHH AR R R
set_top gcdl_skyl130hd

set number of cores

HHR R
set_num_cores 1

set_die_area 0 0 106060 106060
set_num_regions 1

#set_gds_flow 1

read the rule file and gds

HHHHHH R R R
read_|Irf ../rule/sky130.Irf

read_gds ../gds/gcdl_XORO003.gds
read_gds2 ../gds/gcdl_sky130hd.gds
load_db XOR

no_compare 1
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HUHHHAR R HH R R R AR

XOR settings

HRRHHR AR R

Ilvs set datc flow 1

#lvs_set_spice_file_name test
#lvs_set_verilog_netlist_file_name ../verilog/sky130
#lvs_set_verilog_netlist2_file_name ../verilog/sky13
#lvs_set_macros_cdl_file_name ../spice/sky130.cdl
#lvs_enable_ports 1

#lvs_check shorts 1

#lvs_check open 1

#lvs_check _macro 0

#lvs_check _matching 1

#lvs_check _unconnected_pins 1

call lvs

HHHHHH R R
xor_check gcdl sky130hd

HHAH TR R R R
set and generate report file
HHAHHHH AR R

#set_report_file_Ivs Ilvs_summary.rpt
#report_Ivs
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HUHHHAR R HH R R R AR

load

gui

B L e e T T

#set

gui_xor_result 1

#HH#H##load_gui

What the settings do (and why).

init _tool _db XORelects the XOR application mode so the tool inter-
prets subsequent commands in the geometry-diff context rather than
LVS/DRC/ERC.

set _technode sky130loads SkyWater 130,nm tech parameters; read _Irf
brings in layer de nitions and mapping from sky130.Irf

set _top gcdl_sky130hd declares the top cell name common to both
layouts.

read_gds and read_gds2ingest the two GDS databases: the “modi ed”
test case (gcd1l XOR003.gdsand the “golden” (gcd1 sky130hd.gds).

load _db XORnalizes DB creation in XOR mode; no_compare 1skips
any schematic/netlist comparison features (not relevant for pure XOR).

The commented LVS options (lvs _*) are benign here. Ivs _set _datc _flow
1is harmless in XOR mode and can remain enabled across ows.

xor _check gcdl1sky130hd launches the polygon-level comparison for
the named top cell. (Itis suf cient to call it once; a second call is optional
and redundant.)
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* Reporting is viewable in the Error Browser and Summary tabs; explicit
report _Ivs is not required for XOR unless you want an additional textual
le.

» GUI: leaving set _gui _xor _result commented means you will open the
GUI and toggle to XOR results manually; enabling it pre-loads XOR
markers.

How to run it.  Place the CMD le alongside your rule/ , gds/ folders (or
adjust relative paths) and invoke:

% LVR gcdl_XORO003.cmd

When the GUI opens, use the Control Panel to show only the LI layer and click
markers in the Marker Browser to navigate through mismatches.

About Figure 84. This Error Browser view lists XORERROOZntries under
“XOR Errors — xor mismatches between two layouts”. Each item corresponds
to a polygonal difference on LI, con rming that the shifted rectangles no longer
overlap the golden shapes.

About Figure 85. The Marker Browser enumerates all XOR hotspots (XORMARK*
Selecting a row centers the LVR canvas on that mismatch so you can inspect
the offending LI polygon(s).

About Figure 86. The Summary Report aggregates counts per layer; here
you should see hundreds of mismatches attributed to LI, consistent with a
systematic shift. Use this count as a quick sanity metric when validating xes.

Note on histograms. No histogram image was provided for this use-case, so
this subsection omits a histogram gure/description.

2.20 Test Case: gcd1 DENOOXDENSITY)

Purpose and test idea.  This example demonstrates a Density veri cation
failure where the metal density in the bottom region of the layout violates min-
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Figure 84: gcd1_XORO003_ err_rpt.png
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Figure 85: gcd1_XORO003_mrk_rpt.png
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Figure 86: gcd1_XORO003_sum_rpt.png
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imum density constraints. The goal of the test gcd1 DENOO1s to run the Den-
sity engine in LVR against the sky130technology and report tiles that fall below
(or above) con gured thresholds. The use-case intentionally leaves a sparse
metal pattern near the bottom of the chip area so that the Density checker
ags “Min Fail” bins and summarizes them in the GUI and the text report. Fig-
ure 87 illustrates the crafted bottom region with intentionally low coverage that
triggers density rule violations. During sign-off, such issues are typically ad-
dressed by inserting metal I, adjusting routing, or modifying oorplanning to

meet the foundry's metal density windows.

Figure 87: Use-case layout for gcdl DENOO1bottom region is intentionally
sparse to trigger metal density “Min Fail” errors.

What this test checks. The Density engine tiles the chip area into analysis
windows and computes coverage for con gured layers (e.g., diffusion, poly,
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metals). It then compares measured coverage against minimum/maximum

bounds and directional density rules (x/y). Any window out of spec is reported

as a marker and summarized in the run report and histograms.

Inputs and ow. The ow initializes the Density tool database, selects the
sky130 technology, loads the golden GDS layout, and invokes density on the
top cell gcd1l skyl30hd Multicore and multi-region settings are enabled to

parallelize the computation. Reports are produced in the LVR Error Browser

(Density mode) with tabs for Errors & Warnings, Marker Browser, Density

Summary Report, and Histograms.

Command le: gcdl DENOO1.cm@rerbatim)

# initiatize tool DB

HtH R
#set_debug_mode 3049 0
init_tool_db DENSITY

# set techonlogy
HHAHHHH AR R R
set_technode sky130

# set top module
HRRHHRR AR AR
set_top gcdl_skyl30hd

# set number of cores
HHHHHHHH
set_num_cores 4

set_num_regions 4

#set_gds_flow 1
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# read the rule file and gds
TR R R R
read_|Irf ../rule/sky130.Irf

read_gds ../gds/gcdl_skyl130hd.gds
#read_gds ../gds/gcdl_DENO0O01.gds
load_db DENSITY

no_compare 1

HRRHHR AR AR

# DENSITY settings

HHHHHH R R

Ilvs_set datc_flow 1

#lvs_set_spice_file_name test
#lvs_set_verilog_netlist_file_name ../verilog/sky130
#lvs_set verilog_netlist2_file_name ../verilog/skyl13
#lvs_set_macros_cdl_file_name ../spice/sky130.cdl
#lvs_enable_ports 1

#lvs_check_shorts 1

#lvs_check open 1

#lvs_check _macro 0

#lvs_check_matching 1

#lvs_check _unconnected_pins 1

# call Ivs
HHAHHHH AR R
density gcdl sky130hd

HIHHHHAHHIHH R AR

# set and generate report file
HHHHH R
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#set_report_file_Ivs Ilvs_summary.rpt
#report_Ivs

HH R H

# load gui

HHHHHHHHHH R T

#load_gui

Settings explained (what the command le does)
« init_tool_db DENSITY selects the Density veri cation context.
 set_technode sky130 loads foundry rule semantics from sky130.Irf

» set_top gcdl_sky130hd de nes the layout's top cell.

» set_num_cores 4 and set_num_regions 4 enable parallel tiling and
evaluation—useful for large designs.

e read_Irf ../rule/sky130.Irf points to the layout rule le; density
bounds and window sizes are derived from here.

 read_gds ../gds/gcdl_sky130hd.gds loads the reference layout to
be checked (the edited test GDS is commented out in this run).

 load_db DENSITYuilds the LVR database in Density mode; no_compare 1
disables netlist comparison since density is geometry-only.

 Ilvs_set_datc_flow 1 keeps a unied backend ow; itis harmless here
and allows consistent job setup across engines.

 density gcdl_sky130hd runs the Density checker over the full die, gen-
erating Errors/Markers/Summary/Histogram outputs.

» Report generation and GUI load are optional (commented). The Density
Error Browser will still be populated for interactive review.
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How to run
Invoke the tool with the command le:
%LVR gcdl DENOOl.cmd

After completion, open the Density Error Browser to inspect Errors & Warn-
ings, markers, the summary, and histograms.

Figure 88: Errors & Warnings for gcd1_ DENOO1 Shows density rule cate-
gories received (Min/Max/OutOfRange/X/Y directional) and any LRF parser
notices.

About Fig. 88.  This pane lists Density rule evaluations and LRF notices. In
this case, Density errors are registered for “Min Fail” (low coverage) along with
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informational warnings from rule parsing. These entries corroborate that the
bottom region violates minimum metal density.

Figure 89: Marker Browser for gcdl DENOO1Each row is a density-window
violation (e.g., “Min Fail”) and can be navigated to in the viewer.

About Fig. 89. The Marker Browser enumerates all failing tiles. Double-
clicking a row centers the viewer on that window, allowing quick inspection of
the sparse region that triggered the “Min Fail” classi cation.

About Fig. 90. This report summarizes violation counts per rule category
and shows job details (technology, database, veri cation mode) plus timing.
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Figure 90: Density Summary Report for gcd1 DENOO1 Aggregates counts
per rule ID (min_fail, max_fail, out_of_range, xdir_fail, ydir_fail) and records per-
formance metrics.
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For this case, min_fail dominates, consistent with intentionally low density at
the bottom.

Figure 91: Histograms for gcd1l DENOO1Bar charts and heatmap visualize
the distribution of failing bins across the die and rule categories.

About Fig. 91. The histogram view shows frequency per bin range and a
spatial heatmap of violations. Concentration in the lower rows aligns with the
crafted sparse bottom region of Fig. 87.
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2.21 Test Case: gcdl MLVSO0EMLVS)

Purpose and scenario.  This test demonstrates a macro-level Layout-vs-
Schematic (MLVS) run on a single standard cell (macro) rather than the full
chip. The goal is to validate that the layout of the macro in the GDS matches its
schematic view (SPICE/CDL), with macro pins handled explicitly by the ow. In
this example, we verify the Sky130 HD library cell sky130_fd _sc_hd__clkinv _16
wrapped by a tiny “TOP” design. Figure 92 shows the region of interest in the
LVR viewer, where LI and MET1 geometry and pin text layers are toggled to
visualize device/pin placement and connectivity.

At a high level, the run: (i) initializes the tool DB in MLVSnode, (ii) loads
the Sky130 LRF rule le and the macro-level GDS, (iii) points MLVS to the
macro's SPICE netlist and the technology CDL (for primitive references), (iv)
disables macro-pin overriding and explicit port enables (so the macro's own
pin semantics are used), and (v) executes mlvs TORo compare the extracted
macro layout against its schematic. The summary report indicates child-cell
coverage and pass/fail status for each macro instance.

What this test checks. Unlike full-chip LVS, MLVS focuses on matching

macro cells. It reports (1) top-cell match, (2) list of child cells (macro names),

(3) coverage statistics (how many instances were veri ed), and (4) per-macro

pass/fail. Common pitfalls caught here include missing device ngers, wrong

pin text, misaligned contacts, or incorrect layer usage internal to the macro.

For this run, the MLVS Summary Rep@Fig. 95) shows that sky130_fd _sc_hd__clkinv _16
instances are veri ed and pass, with zero shorts/opens shown in the his-

tograms tab (Fig. 96).

Command le gcdl MLVS005.cmglerbatim).

# initiatize tool DB
HHHH A
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Figure 92: Use-case view for gcdl MLVSO0Q5Macro geometry and pin text
(e.g., LI, MET1, MET1TXT) are enabled to inspect the standard-cell layout
used by MLVS.
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init_tool_db MLVS

# set techonlogy
HHHHHHHH R R
set_technode sky130

# set top module
HHHHHH R R
set_top TOP

# set number of cores
TR R R R
set_num_cores 1

set_num_regions 1

#set_gds_flow 1

# read the rule file and gds
R
read_|Irf ../rule/sky130.Irf

read_gds ../macro_gds/sky130 fd_sc_hd__clkinv_16 top .gds
load_db MLVS

no_compare 1

HHHHHHHH

# MLVS settings

HHHHH R R R

Ivs_set_datc_flow 0

Ilvs_set_spice_file_name ../macro_tops/sky130_fd_sc_h d__ clkinv_16_top.sp
lvs_set_macros_cdl_file_name ../spice/sky130.cdl

#lvs_enable_ports 1

#lvs_check_shorts 1
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#lvs_check _open 1

#lvs_check _macro 0
#lvs_check _matching 1
#lvs_check _unconnected_pins 1
Ivs_enable_ports 0
Ivs_consider_macro_pins 0

# call lvs
HHHHHH R
mivs TOP

R R R
# set and generate report file
HHHHHHHHH R R
#set_report_file_Ivs Ilvs_summary.rpt
#report_Ivs

HHHHH R R
# load gui
T
load_gui

Settings explained (one-page overview). init _tool _db MLVSelects macro

LVS mode, which activates macro-aware extraction and reporting. set _technode

sky130 loads process defaults, naming, and device decks expected by the

Sky130 rule le. The design under testis TORset_top TOP), a tiny wrapper

that instantiates the target macro. The Sky130 LVR rule le is brought in via

read_|Irf ../rule/sky130.Irf , followed by the macro GDS: read_gds ../macro_gds/sky130_fd_
The database is then bound to the MLVS context with load_db MLVSWith

no_compare 1set earlier in many ows to defer checks, the actual compari-

Fast multi-million gate Physical Veri cation 180



son is explicitly triggered later by mlvs TOP
Under “MLVS settings,” Ivs_set_datc_flow O disables the DATC Verilog
path since we are comparing GDS vs. SPICE/CDL at macro granularity. The
schematic view for the top wrapper is given by Ivs_set_spice_file_name ../macro_tops/sky130_fd_
Primitive devices referenced by the macro are resolved using the technology
CDL: Ivs_set_macros_cdl_file_name ../spice/sky130.cdl . We keep Ivs_enable_ports 0
so ports are not force-enabled globally (the macro's pin text layers and the
wrapper netlist govern connectivity), and lvs_consider_macro_pins 0 avoids
pin promotion across hierarchy—useful when the macro already carries cor-
rect pin text and shapes internally.
Finally, mlvs TORuns the macro LVS. Reports can be dumped with report_Ivs
(optional), and the GUI is launched via load_gui for visual diagnosis of any
cell mismatches, shorts/opens, or pin text issues.

How to run.  Place the above commands in gcd1 MLVS005.cmand invoke:
%LVR gcdMLVS005.cmd

The tool will parse the LRF, load the macro GDS and netlists/CDL, perform
macro-level LVS on TORand generate interactive reports.

About Fig. 93.  This pane groups database warnings (e.g., layer-map keys)
and LRF syntax messages separately from MLVS comparison results. For this
test, no macro-level mismatches are reported—useful con rmation that the
macro geometry and pins are consistent with the schematic.

About Fig. 94. The marker table would enumerate each mismatch location

(type, instance, pin/net, and coordinates). An empty list implies no device/pin
discrepancies at macro level.
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Figure 93: Errors and Warnings for gcd1 MLVS0Q5LRF parse notes and
general DB warnings are listed rst; macro LVS-speci ¢ errors would appear
here if any.
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Figure 94: Marker Browser for gcdl MLVSOQ5No MLVS error markers are
present, indicating clean macro comparison.
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Figure 95: MLVS Summary Report . Top-cell match, child-cell coverage, and
per-macro pass/fail. Here sky130.fd _sc_hd__clkinv _16instances are veri ed

and PASS.
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About Fig. 95. This is the primary “at-a-glance” result for macro veri ca-
tion—counts of layout vs. schematic occurrences for each child cell and the
nal result.

Figure 96: Histograms . No shorts/opens/unconnected-pin distributions are
visible, consistent with a clean MLVS.

2.22 Test Case: gcd1 DRCO0XYDRC)

Context. From its name, gcd1 DRCOOi a DRC testcase (Design Rule Check).
The purpose is to validate that the LI (local interconnect) polygons in the
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gcdl sky130hd layout meet the minimum area requirement. This testcase
intentionally injects a failing area threshold in the rule le to demonstrate how
the tool reports and localizes such violations.

Use case and intent.  Figure 97 illustrates the portion of the layout used for
this check: repeated LI geometries in a regular pattern that make area errors
easy to spot at multiple sites. The scenario exercises the rule “li.6 : min. i
area” and shows how the DRC engine ags polygons whose area falls below
the con gured minimum.

Figure 97: gcdl _DRCOO01 use case. Layout window highlighting LI shapes
used to trigger the minimume-area rule.

Rule con guration (error injection). To make the behavior explicit, the rule
deck is edited so that the LI area limit is enforced in a way that will intentionally
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fail small tiles. Figure 98 shows the relevant lines in the rule deck, where the
li.6 check expresses the minimum area for LI polygons. In this testcase, the
effective threshold is set so that many LI islands violate it, producing numerous
markers that are easy to review in the DRC browsers.

Figure 98: Rule le excerpt for error injection. The [i.6 minimum LI area
rule is emphasized to intentionally create violations for demonstration.

What to look for in the reports. After running DRC, the Errors & Warn-
ings view (Figure 99) lists the rule IDs and messages for each failure instance.
The Marker Browser (Figure 100) enumerates one row per violation, which
you can double-click to center in the layout. The Summary (Figure 101) ag-
gregates counts by rule and records environment details (tool version, node,
hierarchy mode). Finally, the Histogram view (Figure 102) gives a quick sense
of distribution across placement bins and a heat-map for density of markers.

Command le (verbatim).

# initiatize tool DB
HHHHHHH R
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init_tool_db DRC

# set techonlogy
HHHHHHHH R R
set_technode sky130

# set top module
HHHHHH R R
set_top gcdl_skyl130hd

# set number of cores
TR R R R
set_num_cores 1

set die_area 0 0 106060 106060
#set_gds_flow 1

# read the rule file and gds
R
read_Irf ../rule/sky130_DRCOOL.Irf
read_gds ../gds/gcdl_sky130hd.gds
load_db DRC

no_compare 1

TR TR R
# DRC settings

HHAHHHH AR R
Ilvs_set_datc_flow 1

# call lvs

GRS R R R
drc gcdl_sky130hd
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TR R R R
# set and generate report file
HHHHHHHH R R
#set_report_file_Ivs Ilvs_summary.rpt
#report_Ivs

HHHHHH R R
# load gui
T
load_gui

What these settings do (about one page). This testcase initializes the
tool in DRC mode via init_tool_db DRC , which activates the rule-checking
pipeline rather than comparison ows (e.g., LVS/XOR). The technology is set
to sky130 so the proper layer map and unit system are used. The top cell
is gcdl_sky130hd providing it early lets the tool pre-allocate resources and
reference it consistently in later steps.

The run s single-threaded here (set_num_cores 1) for reproducibility; multi-
core can be used for throughput. An explicit die area is registered (set_die_area 0 0 106060 1060
The rule le is then loaded with read_Irf ../rule/sky130_DRCOO1.Irf ;
this deck contains the edited li.6 minimum-area rule (see Figure 98). The
design geometry is provided through read_gds ../gds/gcd1l_sky130hd.gds
and bound to the database with load_db DRC

no_compare ldisables any schematic/layout equivalence work so only
pure rule checking runs. Although labeled “Ivs_set *”, lvs_set_datc_flow 1
is a benign global toggle in this environment to use a streamlined data/tiling
path for performance; it does not convert this into an LVS run.

The actual DRC is launched by drc gcdl_skyl30hd On completion,
opening the GUI (load_gui ) provides four coordinated views: (i) Errors &

Fast multi-million gate Physical Veri cation 189



Warnings to see rule text and counts, (ii) Marker Browser to list each viola-
tion and navigate to it, (iii) DRC Summary Report with environment metadata
and per-rule totals, and (iv) Histograms to visualize spatial distribution across
bins and a heat map. This test intentionally yields a large set of [i.6 markers
SO reviewers can practice triage, ltering, and “zoom-to-marker” work ows.

How to run.  Place the command le in your run directory and execute:
% LVR <cnfde.cmd>

For example: % LVR gcdl DRCO0O01.cnResults populate the report panes
automatically; you can export summaries from the GUI if needed.
Description. Figure 99 shows the log categorization and the DRC section
listing 1i.6 failures. Each entry names the rule and provides a concise de-
scription (min. li area) to aid ltering.

Description. In Figure 100, the Marker Browser lists every hit for [i.6 . Double-
clicking a row centers that polygon in the canvas so you can measure area and
con rm the violation.

Description. Figure 101 aggregates totals, con rms node ( SKY130H[atabase
format (GDSII), veri cation mode, and the number of 1i.6 errors produced by
the injected threshold.

Description. Figure 102 visualizes how the li.6 area violations cluster; peaks
indicate repeated small LI tiles, while the heat-map highlights regions with the
highest concentration of fails.

2.23 Test Case: gcd1 DRCO0ZDRC)

Intent and use-case.  This testcase demonstrates how the DRC engine ags
a minimum width violation on the POLY layer. The GDS gcdl1 sky130hd.gds
intentionally contains narrow poly ngers so thatrule poly.1a : min. poly

width : 0.15um is violated in many locations. The goal is to show end-
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Figure 99: Errors & Warnings. Extract of rule messages for li.6  minimum
LI area violations.

Fast multi-million gate Physical Veri cation 191



Figure 100: Marker Browser. One row per violation with rule ID, layer, and a
short message.
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Figure 101: DRC Summary Report. Environment details and per-rule counts
for this run.
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Figure 102: Histograms. Distribution of 1.6 markers over spatial bins with
an error heat-map.
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to-end ow: loading the DRC deck, running checks, browsing markers, and
interpreting the summary/histogram outputs.

Figure 103: gcd1_DRCO002_usecase23.png

Figure 103 shows representative geometry used to stress the POLY width
rule: tall, slender polysilicon shapes and necked regions. These intentionally
undersized features guarantee that the check trips in a dense, realistic context.

Rule deck (error insertion) for this testcase. The rule le used for this
testcase (../rule/skyl30 _DRCO002.Irf) purposely tightens the POLY mini-
mum width so violations are guaranteed. The snippet in Figure 104 highlights
the injected setting.

In Figure 104, rule poly.1a (min. poly width) is shown with the correct
threshold commented and a stricter/easier-to-violate value enabled. This “er-
ror injection” ensures the run produces ample hits for documentation and train-

ing.
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Figure 104: gcd1_DRCO002_err_inj.png

Command le used to run the testcase. The following is the verbatim con-
tent of gcd1 DRCO002.cmadk drives the DRC ow for this test.

# initiatize tool DB
HHHH R
init_tool_db DRC

# set techonlogy
HHHRHHHRHHR AR R AR
set_technode sky130

# set top module
HHHHHHHH
set_top gcdl_skyl130hd

# set number of cores
HHHHHHHHH R H TR
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set_num_cores 1

set_die_area 0 0 106060 106060
#set_gds_flow 1

# read the rule file and gds
HHHHHHH R R R R R
read_Irf ../rule/sky130 _DRCO002.Irf
read_gds ../gds/gcdl_skyl30hd.gds
load_db DRC

no_compare 1

A
# DRC settings
PR T
Ilvs set datc flow 1

# call Ivs
BT R R T
drc gcdl_sky130hd

HHE T T T
# set and generate report file
B R RS
#set_report_file_Ivs Ivs_summary.rpt
#report_Ivs

TR R
# load gui

HHAHHHH AR R R
load_gui
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What the settings do (how LVR/DRC is con gured). init _tool .db DRC
selects the DRC application mode. set _technode sky130 loads technology
assumptions and layer map for SKY130. The set _top speci es the top cell
name in the layout database. set _numcores 1 xes the run to a single CPU
thread, and set _die _area constrains the design window (useful for tiling or
region runs). The core inputs are the rule deck and the layout: read _Irf
./rule/skyl30 _DRCOO02.Irf brings in the DRC rules (including the injected
min-width value), while read_gds ../gds/gcdl _sky130hd.gds supplies the
test GDS. load .db DRECompiles these into the runtime database; no_.compare
1 con rms this is a pure DRC run (no schematic compare). Ilvs _set _datc _flow
1 enables standard infrastructure used across ows. The actual check is
launched by drc gcdl_sky130hd Optional report lines are commented (the
GUI already renders summaries). Finally, load _gui opens the DRC Error
Browser to inspect results.

How to run.  From a shell in the directory containing the command le, run:
% LVR gcdl_DRCO002.cmd

This executes the ow, builds the database, performs DRC, and opens the
GUI to review errors, markers, and histograms.

Reports and interpretation. Figure 105 (Errors & Warnings view) shows the
red rule poly.la : min. poly width : 0.15um . It lists parser notes
and categorizes issues; the key takeaway is that the POLY width rule is violated
extensively, as intended.

Figure 106 (Marker Browser) enumerates individual hits (e.g., DROMARKO
DROMARKL..), each labeled with the same rule text. Selecting a row cen-
ters the viewer on the violating polygon so its local context (neighbor layers,
necking, etc.) can be examined.

Figure 107 is the DRC Summary Report. It captures top-cell metadata,
technology, veri cation mode, and a Rule Violation Summary. The row for
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Figure 105: gcd1 _DRCO002_ err_rpt.png
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Figure 106: gcd1_DRCO002_mrk_rpt.png
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Figure 107: gcd1_DRCO002_sum_rpt.png
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poly.1a shows the total error count (in this run, on the order of 10%), con rm-
ing widespread narrow POLY shapes across the design window.

Figure 108: gcd1_DRCO002_histo_rpt.png

Finally, Figure 108 shows the histogram and heat-map views. The bar
chart visualizes the distribution of marker counts across spatial bins, while the
heat-map quickly spots dense clusters of violations—useful to focus xes (e.g.,
a repeated pattern cell producing many narrow poly lines).

2.24 Test Case: gcd1 DRCO03DRC)

What this test exercises. Test gcdl _DRCO003 belongs to the DRC suite. It
demonstrates a Boolean-ANBstyle rule on POLY versus diffusion/tap features:
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“poly must not overlap tap”. The accompanying testcase intentionally creates
overlaps so the rule res across many sites.

Figure 109: Use case layout view for gcd1l DRCO0Q3regions where POLY in-
tersects underlying diffusion/tap are highlighted; these overlaps are expected
to violate the “poly must not overlap tap” rule.

Purpose and expected outcome. The goal is to validate that the DRC en-
gine correctly detects all instances where a POLY shape overlaps a diffu-
sion/tap region (Boolean ANDof the two layers), reports them uniformly, and
aggregates them in the summary, marker, and histogram reports. A success-
ful run should: (i) complete without infrastructure errors, (ii) report nonzero
violations for rule poly.12 (caption: “poly.12 : poly must not overlap tap”),
and (iii) populate the marker browser with per-site markers while the summary
tallies the total count.
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Injected rule settings. Figure 110 shows the relevant lines from the LRF
rule le used for this testcase. The rule is expressed using a Boolean AND
operator so that any geometric overlap between the POLY layer and a tar-
get layer produces a violation. The snippet also documents that the check is
intentionally set up as a dummy rule to verify Boolean logic end-to-end.

Figure 110: Error insertion / rule settings for gcd1 DRCO0Q3The rule poly.12
(“poly must not overlap tap”) is implemented with a Boolean ANbetween POLY
and a target layer, exercising the DRC Boolean engine.

Command le (verbatim). The following command le drives the run exactly
as used for this testcase.

# initiatize tool DB
HHHHHHHHHH AR AR
init_tool_db DRC

# set techonlogy
HHAHHHH AR R R
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set_technode sky130

# set top module
HHHHHHHH R R
set_top gcdl sky130hd

# set number of cores

HHHHHH R R
set_num_cores 1

set _die_area 0 0 106060 106060
#set_gds_flow 1

# read the rule file and gds
HHHHHHHH
read_Irf ../rule/sky130_DRCO003.Irf
read_gds ../gds/gcdl_skyl130hd.gds
load_db DRC

no_compare 1

HRRHHR AR R AR
# DRC settings

HHHHHH R R
Ilvs_set datc_flow 1

# call Ivs
HHHHH R R R
drc gcdl_skyl130hd

HUHHHHHAHHIHH R AR

# set and generate report file
HHAHH R R R R
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#set_report_file_Ivs Ilvs_summary.rpt
#report_Ivs

HHHHHHHH R R
# load gui

HRRHHR AR AR
load_qgui

About the settings (how LVR is con gured).

« init_tool_db DRC selects the DRC engine and creates a DRC project
database.

» set_technode sky130 binds rule semantics and layer map to the SKY130
(130 nm) process.

» set_top gcdl_skyl130hd names the top layout cell; reports and GUI will
key off this name.

» set_num_cores 1con nes the run to a single CPU core for reproducibil-
ity; increase for speed.

» set_die_area 0 0 106060 106060 xes the design window; useful for
tiled/regioned runs.

 read_Irf ../rule/sky130_DRCO003.Irf loads the rule le that con-
tains the Boolean-AND poly.12check shown in Fig. 110.

 read_gds ../gds/gcdl_sky130hd.gds imports the testcase layout.
 load_db DRCnalizes database build for the DRC engine.

* no_compare Idisables LVS-style netlist comparison; only pure DRC is
executed.
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 Ivs_set_datc_flow 1 enables infrastructure options shared with other
ows (harmless for DRC).

e drc gcdl_skyl30hdlaunches the rule evaluation on the top cell.

 load_gui opens the GUI so you can browse markers, summaries, and
histograms.

How to run.  Place the commands above into a le (e.g., gcdl_DRCO003.cmd
and invoke:

%LVR < gcdl DRCO003.cmd >

When the run nishes, open the GUI (if not auto-opened) and navigate the
tabs to review results.

Describing Fig. 111.  This pane shows LRF parse notes (if any) and the
categorized DRC error generated by poly.12 . Seeing this message veri es
the rule is loaded and ring on overlapped polygons.

Describing Fig. 112.  The marker grid enumerates every POLY overlap site.
Use the GUI layer toggles to visualize the offending shapes at each coordinate
to con rm the Boolean ANDQyeometry.

Describing Fig. 113.  This summary con rms run integrity (tool version, node,
top cell) and shows the consolidated count for rule poly.12 , matching the
number of markers observed.

Describing Fig. 114.  The bar chart shows how violations spread across bin

ranges, while the heat-map highlights regions with higher density of POLY * TAP
(or DIFF) overlaps, which should correlate with the patterned stimulus in Fig. 109.

Fast multi-million gate Physical Veri cation 207



Figure 111: gcd1 DRCO003- Errors & Warnings view. The user DRC entry lists
the rule text (“poly.12 : poly must not overlap tap”), con rming the Boolean- AND
violation is detected.

2.25 Test Case: gcd1 DRCO04DRC)

Intent and purpose. This testcase demonstrates an OR-style DRC rule on
SKY130 where polygons on POLY are checked against diffusion resistor ge-
ometries. The rule in the injected LRF states, in effect, that POLY must not
overlap a diffusion resistor (DIFF_RS); for demonstration and coverage, an ad-
ditional OR term is temporarily enabled so that overlaps of POLY with generic
DIFF also trigger errors. This highlights how the LVR DRC engine evaluates
boolean predicates and how violations are summarized, browsed as markers,
and visualized as histograms.
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Figure 112: gcd1 DRCO003- Marker Browser. Each row is a violation instance
of poly.12 with the involved layers (POLY vs DIFF/TAP) and a brief descrip-
tion.

Figure 115 shows the small layout window used in this scenario. Intentional
overlaps between POLY ngers and diffusion/diff-resistor shapes ensure the
rule res at scale, producing enough hits to exercise reporting, browsing and
visualization paths.

Rule- le snippet (error injection / demonstration). The DRC rule le for
this testcase contains an explicit “OR” construction to force additional, easy-to-
see hits. Figure 116 captures the relevant portion of the LRF with comments
indicating that the second branch is a dummy check used purely to demon-
strate function and increase violation count.
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Figure 113: gcd1 DRC003- DRC Summary Report. The Rule Violation Sum-
mary table aggregates the total error count for poly.12 , along with run meta-
data.

Command le.  The testcase is executed through an LVR command script
that initializes a DRC database, loads SKY130 rules and design GDS, and
runs a DRC pass. A verbatim copy follows.

# initiatize tool DB
HHHHHH AR
init_tool_db DRC

# set techonlogy
HHAHHHH R R R R
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Figure 114: gcd1 DRCO03— Histograms. Distribution and heat-map of the
poly.12 violations across bins; useful to see spatial clustering of overlaps.

set_technode sky130

# set top module
HHAHHHHAHH AR R
set_top gcdl_skyl130hd

# set number of cores

HHHHHHHHHH R
set_num_cores 1

set die_area 0 0 106060 106060
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Figure 115: Use case view for gcdl DRCOQ4 intentional POLY vs
DIFF/DIFF_RS geometry to exercise the OR rule.
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Figure 116: Injected LRF settings for gcd1 DRCO04'OR” demonstration). The
primary check is “poly must not overlap diff resistor”; an additional OR with

POLY & DIFis enabled to in ate hits for documentation and visualization.

#set_gds_flow 1

# read the rule file and gds
HHHHH R R R
read_Irf ../rule/skyl130_DRCO0O04.Irf
read_gds ../gds/gcdl_skyl130hd.gds
load_db DRC

no_compare 1

HHHRH R
# DRC settings
PR T
Ilvs set datc flow 1

# call Ivs
HHHHHHHHH R R H T
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drc gcdl_sky130hd

HHHH TR R R
# set and generate report file
HHAHHHH AR R R
#set_report_file_Ivs Ilvs_summary.rpt
#report_Ivs

GRS R R R R R
# load gui
HHAHHHH AR R R

load

gui

What the settings do and why they matter.

init_tool_db DRC selects the DRC pipeline and data model.

set_technode sky130 binds technology semantics and default grids to
the SKY130 process.

set_top gcdl_skyl130hd de nes the top-level cell used for rule evalua-
tion and report headers.

set_num_cores 1lkeeps the run single-threaded (repeatable timing/ordering);
set_die_area scopes the scene.

read_Irf ../rule/skyl130 _DRCO0O04.Irf loads the dedicated rule deck
containing the OR-based check for this demo.

read_gds ../gds/gcdl_skyl130hd.gds ingests the layout; load_db DRC
nalizes the DRC view.

no_compare Idisables netlist/schema comparisons (not needed for pure
DRC).
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 Ilvs_set_datc_flow 1 enables a shared parsing/runtime path used across

LVR apps; harmless here and keeps runs uniform.
« drc gcdl_skyl30hdexecutes the rule deck on the top cell.

 load_gui launches the interactive GUI to review markers, summaries,
and histograms.

How to run.  From an LVR shell, invoke:
% LVR gcdl DRCO004.cmd

This runs the script end-to-end, generates the reports, and opens the GUI
(unless suppressed). Reports and views referenced below are produced by
this exact invocation.

Results overview and screenshots. Figure 117 shows the Errors & Warn-
ings pane summarizing categorized issues. Here the dominant item is the
OR-rule violation on POLY vs DIFF/DIFF_RS, exactly as constructed in the
rule le.

Figure 118 lists the marker table populated by the run. Each row corre-
sponds to one spatial hit with rule ID poly.15 (caption: “poly must not overlap
diff resistor”), layer context, and coordinates, making it easy to navigate to
speci c offenders.

A top-level tally appears in Figure 119, where the violation summary ag-
gregates counts by rule ID. You should see poly.15 dominate, corroborating
the expected behavior for this demonstration rule.

Finally, Figure 120 presents the histogram view, which is useful for spotting
spatial clustering and distribution trends of the violations across bins/ranges.

Key takeaways. This testcase validates how an OR condition in the rule
deck expands the violation set and how LVR presents those results. It is a
compact template for authoring boolean-style checks in SKY130, reviewing
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Figure 117: Errors view for gcd1 DRCOQ4entries re ect the OR-based overlap
rule.
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Figure 118: Marker Browser for gcd1l DRCOQ4individual violation instances
with rule name, layers, and locations.
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Figure 119: DRC Summary Report for gcd1l DRC0Q4aggregated counts by
rule; poly.15 is the key item.
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Figure 120: Histogram view for gcd1 DRCOQ4frequency and heatmap visual-
ization of the OR-rule violations.
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hits in the marker browser, con rming totals in the summary report, and visu-
alizing distribution via histograms. Replace the dummy OR branch with your
production predicate to switch from demo to signoff behavior.

2.26 Test Case: gcd1l DRCOOSDRC)

Context. From its name, gcd1 DRCO0O0%s a Design Rule Check (DRC) test-
case. It exercises a NOT-style geometric predicate inside the Sky130 rule
deck to ag transistors whose LI/DIFF/Poly topology violates the minimum
source/drain length requirement.

What this testcase demonstrates. This testcase injects an intentional vi-
olation of the poly rule poly.7 : min. source/drain length : 0.25
using a NOT construct in the LRF (rule) le. The design places standard
cells so that some polysilicon gates create short source/drain segments. The
rule-layer logic in the deck uses negative (NOT) conditions around DIFF and
POLY features at transistor source and drain shapes to detect undersized
segments, then computes the edge width against a threshold. As a result,
running DRC on this layout reports a large set of markers on the poly layer
where the minimum source/drain length is not met.

Rule le snippet and error insertion. Figure 122 shows the relevant por-
tion of the Sky130 LRF used only for this testcase. The deck documents it
explicitly as a dummy (deliberate) error injection to validate the NOT logic: it
temporarily changes the evaluation by adding forced edge width constraints
on the source and drain shapes and uses negative selections (not DIFF
POLY -layerOut source, etc.) so that short segments fail the check.

How to run and what to expect. Running the supplied command le ex-

ecutes a full DRC pass with the Sky130 deck variant sky130_.DRCOO5.Irf.
The summary report will list one violated rule, poly.7 , with a high count of
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Figure 121: Use case view for gcdl DRCOQS5 polysilicon (purple) crossing
diffusion with taps beneath; the highlighted regions are where the NOT-based
rule will trigger.
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Figure 122: Rule- le excerpt for poly.7 in skyl30_.DRCO0O05.Irf showing the
NOT-based selection and injected thresholds used to provoke violations for
this testcase.

errors; the marker browser will contain per-violation entries, and histograms
will bin marker counts by coordinate ranges, useful for visualizing clustering
(Figures 123, 124, 125, and 126).

Command le ( gcd1.DRCO005.cmdA verbatim copy is provided below.
# initiatize tool DB

HHAHHHH AR R
init_tool_db DRC

# set techonlogy
HHHBHHHRHHR AR R AR
set_technode sky130

# set top module
HHHHHHHH
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set_top gcdl_skyl130hd

# set number of cores

HH R H
set_num_cores 1

set_die_area 0 0 106060 106060
#set_gds_flow 1

# read the rule file and gds
PR
read_Irf ../rule/sky130_DRCO0O05.Irf
read_gds ../gds/gcdl _skyl130hd.gds
load_db DRC

no_compare 1

HHAHHHH AR R
# DRC settings

HHAHH R R R R
lvs_set_datc_flow 1

# call Ivs
HHHHHH R R
drc gcdl_sky130hd

HHHHHHHHH R R
# set and generate report file
HHHHHHHH
#set_report_file_Ivs Ilvs_summary.rpt
#report_Ivs

WO T TR R T
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# load gui
HHAHHHHAHH AR R R

load_

gui

What the settings do (one-page overview).

init _tool _db DRGelects the DRC application and initializes an empty
database with rule-checking kernels loaded.

set _technode sky130 binds technology defaults (layer aliases, derived
layers, units) for SkyWater 130 nm.

set _top gcdl_skyl30hd sets the top-level cell name that subsequent
commands reference (both for loading and for checks).

set _numcores 1 pins execution to one core (deterministic runs, easier
log comparison). For throughput, you can raise this.

set _die _area 0 0 106060 10606(rovides an explicit design window
(in database units) so tiling/regioning and histogram binning are consis-
tent across runs.

read_Irf ../rule/sky130 _DRCOO05.Irf loads the deck variant that con-
tains the NOT-based poly.7 rule and its deliberate threshold tweaks
used by this testcase.

read_gds ../gds/gcdl _skyl30hd.gds brings in the layout database in
GDSII.

load _db DRGalizes the geometry store for rule evaluation; no_.compare
1 disables LVS/DB comparison phases so only DRC runs.

Ilvs _set datc flow 1 keeps common data/control-path scaffolding en-
abled; it does not change the active app (still DRC) but preserves uniform

logging.
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 drc gcdl_skyl130hdexecutes the full DRC rule deck on the top cell.

* load _gui opens the GUI (Error Browser and Layout Viewer) to browse
markers, summaries, and histograms.

How to run.  From a shell where LVRis on your PATH, invoke:
% LVR < gcd1 DRCO005.cmd

This runs the sequence above, produces a DRC Summary Report, and pop-
ulates the GUI browser tabs. Logs and report artifacts appear in the working
directory unless redirected by the (commented) report settings.

2.27 Test Case: gcd1 DRCO0OGDRC)

Context. From the test name gcd1l DRCOQ6the veri cation context is DRC
(Design Rule Check), i.e., context = DRC.

Objective and use-case.  This testcase demonstrates how to author and ex-
ercise a DRC that relies on the get _corners geometric operator. In SKY130
CMOS, one frequent pattern to guard against is polysilicon overlapping or in-
truding into diffusion corners. The rule under test ags POLY that touches any
corner extracted from DIFF, and serves primarily as a functional check of the
rule language (LRF) operator pipeline and marker rendering in LVR.

Figure 127 shows the small stimulus layout excerpt used in this scenario.
The scene contains diffusion blocks with varied corner topologies and over-
lying POLY features crafted to exercise positive and negative cases for the
corner detector.

Rule implementation snapshot (error injection / con guration). Figure 128
is an excerpt from the LRF where get _corners is used to form the DIFF corner
set and then intersected with POLY to realize the check “poly must not overlap
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Figure 123: Errors & Warnings tab for gcd1 DRCO0Q5T he category DRC — Un-
categorized lists violations for rule poly.7 : min. source/drain length

0.25 ; LRF parse warnings shown below come from intentionally edited
rule lines used by this testcase.
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Figure 124: Marker Browser for gcd1 DRCOQ5Each row is a DRC marker for
poly.7 ; columns show rule ID, involved layers (POLYDIFF, and a human-
readable description (“min. source/drain length : 0.25”).
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Figure 125: DRC Summary Report for gcd1 DRCOQSIt lists the top cell, tech-
nology, veri cation mode, and the rule-violation summary showing a high error
count for poly.7 , as expected from the injected NOT-based check.
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Figure 126: Histograms for gcd1 DRCOQ5 The upper chart bins violation
counts across the die (by range), revealing clustering where short source/drain
segments are repeated; the heatmap below offers a spatial density cue for the
same markers.
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Figure 127: gcd1_DRCO006 use case layout shown in LVR.
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diff corner.” This is the crux of the testcase: con rming that the get _corners
set is built and consumed correctly within the rule.

Figure 128: LRF snippet for get _corners : build DIFF corners and test overlap
against POLY.

Command le.  The following command le drives the check end-to-end in
LVR.

Command le gcdl DRCO06.cm(ierbatim)

# initiatize tool DB
HHHH A
init_tool_db DRC

# set techonlogy

HHAHHHH AR R
set_technode sky130
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# set top module
HHAHHHHAHH AR R R
set_top gcdl_sky130hd

# set number of cores

HRRHHR AR AR R
set_num_cores 1

set die_area 0 0 106060 106060
#set_gds_flow 1

# read the rule file and gds
HHHHHH R R
read_Irf ../rule/skyl130_DRCO0O0G6.Irf
read_gds ../gds/gcdl_skyl130hd.gds
load_db DRC

no_compare 1

BT AT R R R R T
# DRC settings

B RS
Ilvs set datc flow 1

# call Ivs
HHHHHHHH
drc gcdl_sky130hd

HHHHHHHH
# set and generate report file
HHHHHH R R R R
#set_report_file_Ivs Ilvs_summary.rpt
#report_Ivs
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TR R R R
# load gui

HHHHHHHH R R
load_gui

What the settings do and why they matter

init_tool_db DRC selects the DRC ow, enabling rule-driven polygon
ops and marker generation.

set_technode sky130 binds all unit scaling and layer semantics to the
SKY130 PDK assumptions used by the LRF

set_top gcdl_skyl30hd names the top layout cell for context and re-
porting.

set_num_cores land set_die_area ... keep the run deterministic
and scoped to the GDS region containing the stimulus.

read_Irf ../rule/sky130_DRCO006.Irf ingests the rule le whose crit-
ical portion is the get _corners -based rule (Fig. 128).

read_gds ... loads the testlayout; load_db DRCnalizes the database
for checking.

no_compare ldisables schematic/layout comparisons—this is a pure
DRC run.

lvs_set_datc_flow 1 leaves the data-conditioning path enabled so that
rule operations see a clean, normalized polygonal model.

drc gcdl_skyl30hdexecutes the check and generates markers for any
POLY \ get _corners(DIFF) overlaps.

load_gui opens the interactive browsers to visualize the results.
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How to run.  From an LVR shell (or your run directory), invoke:
% LVR hgcd1 DRCO006.cmd

i.e.,, % LVR gcdl_DRCOO06.ctis parses the LRF, loads the GDS, runs the
DRC, and pops up the GUI with Error/Marker/Summary/Histogram tabs.

Reports and screenshots

Figure 129: gcd1 _DRCO006: Errors & Warnings tab.

About Fig. 129. The run shows parser notices for generic LRF lines (expected
in this unit test environment) and, for this stimulus, no user DRC errors tied to
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the get_corners rule—useful to con rm that correct-by-construction cases
remain clean.

Figure 130: gcd1 DRCO006: Marker Browser.

About Fig. 130. The Marker Browser is empty for this run, indicating no POLY
overlaps were found at DIFF corners (i.e., the rule did not trigger). When
violations exist, this table lists each marker with affected layers and human-
readable captions.

About Fig. 131. The summary page enumerates global run settings and
would normally include a “Rule Violation Summary.” Its absence here corrob-
orates the clean outcome for this corner-overlap check.

About Fig. 132. With no rule hits, the histogram panel shows no distributions.
In failing cases, this view is handy to understand hotspot clustering and error
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Figure 131: gcd1 DRCO006: DRC Summary Report.
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Figure 132: gcd1_ DRCO006: Histograms view.
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spread across bins/windows.

Takeaways. This testcase is a concise template for writing and validating
DRCs that depend on derived geometry (get _corners ). Even when the intent
is a “no-error” golden check, wiring it into the normal ow (rule load ! run
I browse) ensures that database conditioning, rule evaluation, reporting, and
GUI linkage are all exercised, making it easy to extend toward failing stimuli or
additional corner classes later.

2.28 Test Case: gcd1 DRCOOADRC)

Purpose and scenario.  This testcase demonstrates a minimum edge length
design rule on the NWELIlayer. The goal is to show how LVR (Layout Veri -
cation Reporter) ags regions of NWELWhose polygon edge length is below
the rule threshold (here, 0.84 m in technology units). The check is intention-
ally exercised on a macro-level layout to verify rule authoring, report quality
(errors, markers, histograms), and interactive debug in the LVR GUI.

Figure 133 shows the LVR viewer with NWELEelected (right-side Control
Panel) and the selection table at the bottom listing a Il cell instance and the
associated DRC marker. The pink bands indicate the NWELBeometry seg-
menting the die, and markers are placed where the minimum edge length rule
is violated.

Rule instrumentation (error injection). To make the testcase self-checking
and visually obvious, the rule deck includes an explicit edge-length constraint
on NWELLThe relevant portion of the LRF le is summarized in Figure 134.
The rule is named dummy_nwell.1.L with caption “nwell.1.L : min. nwell
length : 0.84um” and uses an edge_length operator on NWELLDatabase
units (DBU) are used internally; the value 8400 corresponds to 0:84 m when
DBU = 1nm.
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Figure 133: Use case view for gcdl DRCOQ7NWELEdge-length violations
highlighted in the LVR viewer.
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Figure 134: Error-injection rule snippet for gcd1 DRCOQ7 the LRF uses

edgelength NWELL -It 8400 to trigger violations below 0.84 m.

Command le.  The testis driven by the following .cmd le.

Command le: gcd1l DRCOO7.cm(ierbatim)

# initiatize tool DB
HHHHHH B
init_tool_db DRC

# set techonlogy
T
set_technode sky130

# set top module

HHHHHHH R R
set_top gcdl sky130hd
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# set number of cores
TR R R R
set_num_cores 1

set _die_area 0 0 106060 106060
#set_gds_flow 1

# read the rule file and gds
HHHHHHHHHH R
read_Irf ../rule/sky130_DRCOOQ7.Irf
read_gds ../gds/gcdl_skyl130hd.gds
load_db DRC

no_compare 1

HHHH R R R
# DRC settings

HHAHHHH AR R
Ilvs_set_datc_flow 1

# call Ivs
HRRHHR AR R AR
drc gcdl_skyl130hd

TR R R R
# set and generate report file
HHHHHHH R
#set_report_file_Ivs Ilvs_summary.rpt
#report_Ivs

HUHHHHAHHIHH R AR

# load gui
HHAHH R R R R
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load_gui

What the settings do (one-page overview).

init_tool_db DRC creates a fresh LVR database in DRC mode.

set_technode skyl130 selects the SkyWater SKY130 technology; layer
semantics and default units come from the tech setup.

set_top gcdl_sky130hd names the layout's top cell used for rule eval-
uation and reporting.

set_num_cores 1 runs single-threaded (deterministic and lightweight
for the example).

set _die_area 0 0 106060 106060declares a die window (in DBU) for
region-of-interest clipping and tiling.

read_Irf ../rule/sky130_DRCOOQ7.Irf loads the DRC rule deck con-
taining the edge_length rule on NWELL

read_gds ../gds/gcdl_skyl130hd.gds imports the test GDS.

load_db DRCnalizes DB assembly for checking; no_compare len-
sures no LVS/compare phase is attempted.

lvs_set datc_flow 1 enables the data-conversion/tiling ow used in-
ternally by LVR for robust runs on large designs (safe to keep on for small
examples).

drc gcdl_skyl30hdlaunches the DRC engine for the top cell.

Optional report emitters (set_report_file_Ivs  /report_Ivs ) are shown
but commented; the GUI will still expose the summary, markers, and his-
tograms.

load_gui opens the interactive LVR GUI for result browsing.
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How to run.  From your LVR shell, execute:
%LVR gcdl_DRCO007.cmd
This runs the ow described above and opens the results in the GUI.

Run results. The following gures capture the principal result views pro-
duced by this testcase.

Figure 135: Errors & Warnings view for gcd1 DRCOQ7The pane lists cate-
gorized messages; note the DRC entry for rule “nwell.1.L : min. nwell length :
0.84um” and any LRF syntax notes (if present).

Interpreting the screenshots. Figure 135 conrms the rule ring (“min.
nwell length : 0.84um”). Figure 136 enumerates all marker instances with
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Figure 136: Marker Browser for gcd1 DRCOQ7Each row is a concrete viola-
tion instance of dummwywell.1.L on NWELIcolumns show layer context and
the textual rule caption.
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Figure 137: DRC Summary Report . Aggregated counts by rule; here the
NWELL minimum edge-length rule dominates, con rming the injected condi-
tion is exercised by the layout.

Fast multi-million gate Physical Veri cation 245



Figure 138: Histograms view . The bar chart shows the distribution of viola-
tion measurements binned across the dataset; the heatmap provides a spatial
tile density cue, helping you spot hot regions quickly.
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clickable navigation to their locations in the viewer. Figure 137 summarizes the
violation counts per rule ID (useful for regressions). Finally, Figure 138 visu-
alizes how the violations are distributed in value (bars) and space (heatmap),
which is handy for debugging pattern-based systemic issues in ller rows or

channel regions.
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