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Part-VI: Errata




In LVS-CMOS-Inverter-NAND.pptx

13. Using DMOS4 for the inv.cir Tutorial

NVERTER VSS IN OUT NWELL SUBSTRATE VDD N
Mp VDD IN OUT NWELL PMOS W=1.5U L=0.25U Schoice=1

) OUT IN VSS SUBSTRATE NMOS W=0.9U L=0.25U I:l Schoice=4

R V55 IN OUT NWELL SUBSTRATE VDD

D and S are swapped

) OUT IN VDD NWELL PMOS W=1.5U L=08.25U
n OUT IN VSS SUBSTRATE NMOS W=0.9U L=0.25U

I: ' | expect this should match!

VSS IN OUT NWELL SUBSTRATE VDD i -
DD II'J OUT NH’ELL PMOS W=1.5U L=08.25U .SChOlCE'—?_
S5 IN OUT SUBSTRATE NMOS wW=0.9U L=0.25U

This should have been “VDD”

Sorry for the inconvenience caused.

INUESS-R WSS IN OUT NWELL SUBSTRATE VDD
Mp OUT Il'"l"fELL PMOS W=1.5U L=08.25U
1 VSS IN'® BSTRATE NMOS W=0.9U L=0.25U

N .@_,,_,__ lnverter anc a- put NAN D) 29




In LVS-CMOS-Inverter-NAND-Conl.pptx

17. Using DMOS4 for the inv.cir Tutorial
» 5 T

NVERTER VSS IN OUT NWELL EN—
Mp VDD IN OUT NWELL PMOS W=1.5U L Schoice=1

R V55 IN OUT NWELL SUBSTRATE VDD

D and S are swapped
4 Mp OUT IN VDD NWELL PMO5S W=1.5U L=0.25U
M1 OUT IN VSS SUBSTRATE NMOS W=0.9U L=0.25U

I: ' | expect this should match!

INVERTER WSS IN OUT NWELL SUBSTRATE VDD ica=
Mp VDD IN OUT NWELL PMOS W=1.5U L=8.25U $ChOICE‘ 2
Mn WSS IN OUT SUBSTRATE NMOS W=0.9U L=0.25U

This should have been “VDD”

’ VSS IN OUT NWELL SUBSTRATE VDD $Ch0ice=3

Sorry for the inconvenience caused.

NWELL PMOS W=1.5U L=08.25U
fMn VSS IN OWT SUBSTRATE NMOS W=0.9U L=0.25U




Part-VIl: Re-experiments with MOS4




i Commit 87e2def2 (open)
by Matthias Koefferlein, 2023-03-05 06:38

" Jchild 7a31c2ab

Include version Folder in python module sources

20. Test Environment

©

branches master-upsktream, upstream/master
merged to branches master, master-mac-qké, origin/master, origin/master-mac-qté

KLayout 0.28.5

By Matthias Kéfferlein, Munich|2023-03-06 r7a3ic2abf

For feedback and bug reports mail to: contact@klayout.de
Copyright (C) 2006-2023 Matthias Kéfferlein

This program is free software; you can redistribute it and/or modify it under
the terms of the GNU General Public License as published by the Free Software
Foundation; either version 2 of the License, or (at your option) any later
version.

This program is distributed in the hope that it will be useful, but WITHOUT ANY
WARRANTY; without even the implied warranty of MERCHANTABILITY or FITNESS FOR A
PARTICULAR PURPOSE. See the GNU General Public License for more details.

You should have received a copy of the GNU General Public License along with
this program; if not, write to the Free Software Foundation, Inc., 51 Franklin
St, Fifth Floor, Boston, MA 02110-1301 USA

Build options:

* Ruby interpreter 3.1.3-p185 (x86_64-1linux)
e Python interpreter 3.8.10 (default, Nov 14 2022, 12:59:47) [GCC 9.4.0]
* Ot bindings for scripts

Binary extensions:

O Spice netlist reader: should read "M" terminals in DGS order. #1304
klayoutmatthias opened this issue last week - 0 comments @ Merge pull request #1385 from Klayout/issue-13@4




21. Using MOS4 for the inv.cir Tutorial

1. Remove the two dummy layers for S- and D-recognition that
were added to use the DMOS4 extractor.

1 NWELL 1/0
ACTIVE 2/0
. PPLUS 3/0
| NPLUS 4/0
POLY 5/0
CONTACT 6/0
METAL1 7/0
I METALI_LABEL 7/1
= VIA18/0
METALZ 9/0
I METALZ_LABEL 9/1

]— removed

Inv.zip




21. Using MOS4 for the inv.cir Tutorial

2. Prepare four SPICE deck files to test all S and D combinations.

1|

IN ER VSS IN OUT NWELL SUBSTRATE VDD

Schoice=4

Mp VDD IN OUT NWELL PMOS W=1.5U L=0.25U Schoice=1 ;

INVERTER VSS IN OUT NWELL SUBSTRATE VDD

Mp OUT IN VDD NWELL PMOS W=1.5U L=0.25U
Mn OUT IN VSS SUBSTRATE NMOS W=0.9U L=0.25U

inv-correct.cir

[ variant xa: (Pws, wos)=(incorrect, incorrec

INVERTER VSS IN OUT NWELL SUBSTRATE VDD Schoice=2
Mp VDD IN OUT NWELL PMOS W=1.5U L=0.25U
Mn VSS IN OUT SUBSTRATE NMOS W=0.9U L=0.25U

| expect all four should match by S-D swapping.

[variant x: (pwos, wios)=(_correct, incorrec}

IN 2 VSS IN OUT NWELL SUBSTRATE VDD o
Mp OUT I WELL PMOS W=1.5U L=0.25U Schoice=3
Mn VSS IN DUT SUBSTRATE NMOS W=0.9U L=0.25U




21. Using MOS4 for the inv.cir Tutorial

AboutCurrentDesign(spicedeck)
designFile ::CellView: :active. filename
) active layout ::CellView: :active. layout
) : puts ">>> Current design file = '#{designFile}'"
3‘) puts " Top cell name = '#{active layout.top cell.name}
)) puts " SPICE deck file = '#{spicedeck}'"

¢

nwell input(1, ©
active input(2, ©
pplus input(3,
nplus input(4,

1 poly input(5,
puts "### Usage [ @= 101 contact input(s,
puts " Set one 102 metall input(7, 0) : SpiceDeckSelector
puts " then, ex 103 metall_lbl = labels(7, 1) 24 initialize
)4 vial input(8, 0) 5 i
metal2 input(9, ©) $ 10
metal2 1bl = labels(2, 1)
(c] [ $ gl
bulk = polygon_layer @ { 0 => "exit", 1 => "original®, 2 => "variantX1", 3 => "variantX2", 4 => "correct" }
@ { "original" => "inv.cir",
"variantX1" => "invXl.cir",
1 "variantX2" => "invX2.cir",
dirName, baseName = File.spl 11Z : "correct" => "inv-correct.cir",
Dir.chdir(dirName) 5 }
active in nwell active & nwell f
source( "inv.oas", "INVERTER pactive actiyeiininwell pplus 7
1 pgate pactive & poly 3 GetSpiceDeck
deep psd pactive - pgate ) @
selector = SpiceDeckSelector active outside nwell = active - nwell
selector.GetOneOption() nactive active outside nwell & nplus 42 GetOneOption
r choice, spicedeck - selector 122 ngate nactive & poly ! 3
connect(psd, choice 10 nsd nactive - ngate 14 )
connect(nsd, 1 puts "Bye! You can ignore the exception if caught.”
connect (poly, 74 [1, 2, 3, 4].inclu 125
connect (contact puts "! Your choice ‘#{chc 126
connect(metall,
connect(metall,
connect(vial, AboutCurrentDesign(spicedeck 1
connect(metal2, ) extract devices(mos4("PM0S"), { "SD" => psd, "G" => pgate, "W" => nwell,

"tS" => psd, "tD" => psd, "tG" => poly, "tW" => nwell })

connect global| ] :
connect_global| 134 extract_devices(mos4("NM0S"), { "SD" => nsd, "G" => ngate, "W" => bulk,
B i 135 "tS" => nsd, "tD" => nsd, "tG" => poly, "tW" => bulk })
report_lvs( "inv-choice#{choice}.lvsdb", true )

target netlist( "inv-choice#{choice} extracted.cir",
schematic(spice 8¢ write spice,
"Extracted by KLayout with <#{spicedeck}>" )
compare



21. Using MOS4 for the inv.cir Tutorial

4. Run the modified LVS script four times: #1/4

VSS IN OUT NWELL SUBSTRATE VDD

Mp VDD IN OUT NWELL PMOS W=1.5U L=0.25U $Ch0ice=1
Mn OUT IN VSS SUBSTRATE NMOS W=0.9U L=0.25U

This net matched as expected.

Netlist Schematic | Cross Reference | Log

Circuits Objects Layout Reference
v = INVERTER INVERTER INVERTER
» O Pins
» T Nets
v 11 Devices
¥ LI NMOS $2 / NMOS [L=0.25, N / NMOS [L=0.25, W=0.9]
» S VsS (1) Vss (2)
» D ouT (2) ouT (3)
P oG IN (2) IN (3)
» o B SUBSTRATE (1) SUBSTRATE (2)
v LI PMOS $1 / PMOS [L=0.25, P / PMOS [L=0.25, W=1.5]
P 05 & D VDD (1) VDD (2)
> D& S ouT (2) ouT (3)
P oG IN (2) IN (3)
P o B NWELL (1) NWELL (2)

Configure| Probe Net| ' Lock

15 $choice=1
1

" /home/sekigawa/GitWork/ForumKLayout/Study@02-Con2/Inv/inv. oas’
" INVERTER
“inv.cir’

>>> Current design file
Top cell name
SPICE deck file

... KayoutForum No.2238 (as StudyO02: LVS of CMOS Inverter and 2-inputNAND) |




21. Using MOS4 for the inv.cir Tutorial

4. Run the modified LVS script four times: #2/4

i VSS IN OUT NWELL SUBSTRATE VDD Schoice=2
VDD IN OUT NWELL PMOS W=1.5U L=0.25U
VSS IN OUT SUBSTRATE NMOS W=0.9U L=0.25U

This net matched as expected.

Netlist Schematic | Cross Reference | Log

Circuits Objects Layout Reference
v m INVERTER INVERTER INVERTER
» © Pins
> T Nets
v LI Devices
v LI NMOS $2 / NMOS [L=0.25, N / NMOS [L=0.25, W=0.9]
» o5& D Vss (1) Vss (2)
> D& S ouT (2) ouT (3)
» oG IN (2) N (3)
» o8B SUBSTRATE (1) SUBSTRATE (2)
¥ LI PMOS $1 / PMOS [L=0.25, P / PMOS [L=0.25, W=1.5]
P 05 & D vDD (1) VDD (2)
> D& S ouT (2) ouT (3)
» oG IN (2) N (3)
» o8B NWELL (1) NWELL (2)

Configure| Probe Net Lock

15 $choice=2
2

>>> Current design file
Top cell name
SPICE deck file

' /home/sekigawa/GitWork/ForumKLayout/Study@02-Con2/Inv/inv. oas’
" INVERTER
“invXl.cir’

... KayoutForum No.2238 (as StudyO02: LVS of CMOS Inverter and 2-input NAND) | '




21. Using MOS4 for the inv.cir Tutorial

[vartant xa: (pros, wwos)=(_correct, incorrec]

4. Run the modified LVS script four times: #3/4

IN VSS IN OUT NWELL SUBSTRATE VDD Hpap—
OUT IN VDD NWELL PMOS W=1.5U L=0.25U SChOICe_3
VSS IN OUT SUBSTRATE NMOS W=0.9U L=0.25U

This net matched as expected.

Netlist Schematic | Cross Reference | Log

Circuits Objects Layout Reference
v m INVERTER INVERTER INVERTER
» © Pins
> T Nets
v LI Devices
v LI NMOS $2 / NMOS [L=0.25, N / NMOS [L=0.25, W=0.9]
» o5& D Vss (1) Vss (2)
> D& S ouT (2) ouT (3)
» oG IN (2) N (3)
» o8 SUBSTRATE (1) SUBSTRATE (2)
¥ LI PMOS $1 / PMOS [L=0.25, P / PMOS [L=0.25, W=1.5]
» o5 VoD (1) VoD (2)
» oD ouT (2) ouT (3)
» oG IN (2) N (3)
» o8B NWELL (1) NWELL (2)

Configure| Probe Net Lock

IS $choice=3
3

>>> Current design file
Top cell name
SPICE deck file

' /home/sekigawa/GitWork/ForumKLayout/Study@02-Con2/Inv/inv. oas’
" INVERTER
“invX2.cir’

... KayoutForum No.2238 (as StudyO02: LVS of CMOS Inverter and 2-inputNAND) | =




21. Using MOS4 for the inv.cir Tutorial

4. Run the modified LVS script four times: #4/4

Netlist Schematic | Cross Reference | Log

Circuits Objects
v = INVERTER
» O Pins
» T Nets
v LI Devices
¥ LI NMOS
> S
> D
P oG
» o B
¥ I PMOS
-
> D
P oG
>

< B

Configurel Probe Net ' Lock

15"$choice=4
4

>>> Current design file
Top cell name
SPICE deck file

" INVERTER’
"inv-correct.cir’

Layout
INVERTER

$2 / NMOS
vss (1)
ouT (2)
IN (2)
SUBSTRATE
$1 / PMOS
VDD (1)
ouT (2)
IN (2)
NWELL (1)

[L=0.25,

(1)

[L=0.25,

Reference
INVERTER

N / NMOS [L=0.25, W=0.9]

Vss (2)

ouT (3)

IN (3)
SUBSTRATE (2)

P / PMOS [L=0.25, W=1.5]

VDD (2)
ouT (3)
IN (3)
NWELL (2)

" /home/sekigawa/GitWork/ForumKLayout/Study@02-Con2/Inv/inv. oas’

Schoice=4

ros, wios)=(_ correct, _correct) ]

INVERTER VSS IN OUT NWELL SUBSTRATE VDD

Mp OUT IN VDD NWELL PMOS W=1.5U L=0.25U
Mn OUT IN VSS SUBSTRATE NMOS W=0.9U L=0.25U

This net matched as expected.

... KayoutForum No.2238 (as Study002: LVS of CMOS Inverter and 2-inputNAND) | -



21. Using MOS4 for the inv.cir Tutorial

Q.9 Netlist Schematic = Cross Reference ' Log
. ' Circuits Objects Layout Reference
Video v = INVERTER INVERTER INVERTER
» © Pins
» T Nets
¥ LI Devices
v 1 NMOS $2 / NMOS [L=0.25, N / NMOS [L=0.25, W=0.9]
P oS vssS (1) VSS (2)
> D ouT (2) ouT (3)
» o G IN (2) IN (3)
> o B SUBSTRATE (1) SUBSTRATE (2)
v 10 PMOS $1 / PMOS [L=0.25, P / PMOS [L=0.25, W=1.5]
» 05 & D voD (1) VoD (2)
> D& S ouT (2) ouT (3)
» oG IN (2) IN (3)
> B NWELL (1) NWELL (2)

|configure| Probe Net| Lock Only in PMOS, S <=> D swapping happened.

|’ !CHO‘CO='
1
>>> Current design file
Top cell name
SPICE deck file

" /home/sekigawa/GitWork/ForumKLayout/Study@02-Con2/Inv/inv. oas’
" INVERTER’

"inv.cir’




22. Using MOSA4 for the inv2.cir Tutorial

1. Remove the two dummy layers for S- and D-recognition that

were added to use the DMOS4 extractor.

1 NWELL 1/0
ACTIVE 2/0
¢ PPLUS 3/0
_: NPLUS 4/0
POLY 5/0
CONTACT 6/0
METAL1 7/0
I METALI_LABEL 7/1
= VIATB/0
METALZ 9/0
I METALZ_LABEL 9/1

]— removed

-
E

Inv2.zip




22. Using MOS4 for the inv2.cir Tutorial

2. Prepare four SPICE deck files to test all S and D combinations.

JITH DIODES VSS IN OUT VDD . Schoice=4

fw VDD IN OUT VDD PMOS W-l 5U L-O 25U =

INV R WITH DIODES VSS IN OUT VDD

Mp OUT IN VDD VDD PMOS W=1.5U L=0.25U
Mn OUT IN VSS VSS NMOS W=0.9U L=0.25U

R WITH DIODES VSS IN OUT VDD
Mp VDD IN OUT VDD PMOS W=1. 5U L=0.25U
Mn VSS IN OUT VSS NMOS W=0.9U L=0.25U

| expect all four should match by S-D swapping.

NVERTER WITH DIODES VSS IN OUT VDD N
Mp OUT I VDD 'PMOS W=1.5U L=9.25U Schoice=3
Mn VSS IN VSS NMOS W=0.9U L=0.25U

5 |




extract_devices(mos4il

connect(psd,
connect(nsd,
connect(poly,
connect(ntie,
connect(nwell,
connect(ptie,
connect(contact,
connect (metall,
connect(metall,
connect(vial,
connect(metal2,

connect global(bulk, 12¢
connect global(ptie,rr~

schematic(spicedeck) 1

compare

nwell
active
pplus
nplus

poly
contact
metall
metall lbl
vial
metal2
metal2 1bl

Bulk polygon_layer

active_in nwell
pactive

pgate

psd

ntie

active outside nwell
nactive

ngate

nsd

ptie

extract_devices(mos4("PMOS"), { "SD" => psd, "G" => pgate, "W"
"tS" => psd, "tD" => psd, "tG"

input(1, @

labels (9,

1)

active & nwell
active _in nwell
pactive & poly
pactive - pgate
active in nwell
active - nwell
active outside
nactive & poly
nactive - ngate

active outside

[e

puts "### Usage [ O=>exit, l=>original, 2=
puts * Set one of above options in th
puts " then, execute the script by cl

. @

puts
puts "
dirName, baseName = File.split( s:CellView: :act 59
Dir.chdir(dirName) - @
source( "inv2.oas", "INVERTER WITH DIODES" ) @
deep e
selector = SpiceDeckSelector
selector.GetOneOption()
choice, spicedeck selector.GetSpiceDeck()
choice 10
[1, 2, 3, 4].include?(choice) 29
puts "! Your choice '#{choice}' is not in [1, 2,

AboutCurrentDesign(spicedeck)

designFile
active layout

active. filename
active. layout

ssCellVie
i:CellView

puts ">>> Current design file = '#{designFile}'"
o Top cell name = '#{active layout.top cell.name}'"
SPICE deck file = '#{spicedeck}'"
SpiceDeckSelector
initialize
$ nil
$ 10
[ $ )
{ ® = "exit", 1 => "original", 2 => "variantXl", 3 => "variantX2", 4 => "correct" }
{ "original" => "inv2.cir",
"variantX1l" => "inv2Xl.cir",
"variantx2" => "inv2X2.cir",
“correct” => "inv2-correct.cir"
GetSpiceDeck
@
GetOneOption

AboutCurrentDesign(spicedeck)

repdrtilvs( "inv2-choice#{choice}.lvsdb", true )

target netlist( "inv2-choice#{choice} extracted.cir",
write spice,
"Extracted by KLayout with <#{spicedeck}>"

=> nwell,
=> poly, "tW" => nwell })

)

$
0
puts "Bye! You can ignore the exception if caught."




22. Using MOS4 for the inv2.cir Tutorial

[NVERT VIT DES VSS IN OUT VDD .
VDD IN OUT VDD PMOS W=1.5U L=0.25U SChO|Ce=1
OUT IN VSS VSS NMOS W=0.9U L=0.25U

4. Run the modified LVS script four times: #1/4

This net matched as expected.

Netlist Schematic @ Cross Reference | Log

Circuits Objects Layout Reference
v = INVERTER_WITH_DIODE  INVERTER_WITH_DIODIINVERTER_WITH_DIODES
» © Pins
> T Nets
v LI Devices
¥ LI NMOS $2 / NMOS [L=0.25, N / NMOS [L=0.25, W=0.9]
> oS vss (2) Vss (3)
» oD ouT (2) ouT (3)
» oG IN (2) IN (3)
» B VSS (2) Vss (3)
¥ LI PMOS $1 / PMOS [L=6.25, P / PMOS [L=0.25, W=1.5]
> € &' D VDD (2) VoD (3)
P oD&S ouT (2) ouT (3)
» oG IN (2) IN (3)
> B VoD (2) VoD (3)

Probe Net ' ' Lock

15 $choice=1
1
»>>> Current design file
Top cell name
SPICE deck file

... KayoutForum No.2238 (as StudyO02: LVS of CMOS Inverter and 2-inputNAND) | =

" /home/sekigawa/GitWork/ForumKLayout/Study002-Con2/Inv2/inv2,. oas
" INVERTER WITH DIODES'

"inv2.cir’




22. Using MOS4 for the inv2.cir Tutorial

4. Run the modified LVS script four times: #2/4

VSS IN OUT VDD Schoice=2

VDD IN OUT VDD PMOS W=1.5U L=0.25U
VsS IN OUT VSS NMOS W=0.9U L=0.25U

This net matched as expected.

Netlist Schematic | Cross Reference | Log

Circuits Objects Layout Reference
> -© Pins
» T Nets
v LI Devices
v LI NMOS $2 / NMOS [L=0.25, N / NMOS [L=0.25, W=0.9]
> S & D Vss (2) VSS (3)
P oD &S ouT (2) ouT (3)
> oG IN (2) IN (3)
» B Vss (2) Vss (3)
v I PMOS §1 / PMOS [L=0.25, P / PMOS [L=0.25, W=1.5]
> S & D VDD (2) VDD (3)
P oD &S ouT (2) ouT (3)
» oG IN (2) IN (3)
4 B VDD (2) VDD (3)

Probe Net Lock

1S $choice=2
2
>>?> Current design file
Top cell name
SPICE deck file

" /home/sekigawa/GitWork/ForumKLayout/Study@02-Con2/Inv2/inv2. oas
" INVERTER WITH DIODES’
"inv2X1.cir’

... KayoutForum No.2238 (as StudyO02: LVS of CMOS Inverter and 2-inputNAND) | =




22. Using MOS4 for the inv2.cir Tutorial

4. Run the modified LVS script four times: #3/4

INVERTER WIT DES VSS IN OUT VDD .
OUT IN VDD VDD PMOS W=1.5U L=0.25U Schoice=3
VSS IN OUT VSS NMOS W=8.9U L=0.25U

This net matched as expected.

Netlist Schematic | Cross Reference | Log

Circuits Objects Layout Reference
> -© Pins
» T Nets
v LI Devices
¥ LI NMOS $2 / NMOS [L=0.25, N / NMOS [L=0.25, W=0.9]
> S & D Vss (2) VSS (3)
P oD &S ouT (2) ouT (3)
» oG IN (2) IN (3)
» B VsS (2) Vss (3)
v I PMOS §1 / PMOS [L=0.25, P / PMOS [L=0.25, W=1.5]
> S VDD (2) VDD (3)
P oD ouT (2) ouT (3)
» oG IN (2) IN (3)
4 B VDD (2) VDD (3)

Probe Net Lock

1S $choice=3
3
>>?> Current design file
Top cell name
SPICE deck file

" /home/sekigawa/GitWork/ForumKLayout/Study@02-Con2/Inv2/inv2. oas
" INVERTER WITH DIODES’
"inv2X2.cir’

... KayoutForum No.2238 (as StudyO02: LVS of CMOS Inverter and 2-input NAND) |




22. Using MOS4 for the inv2.cir Tutorial

4. Run the modified LVS script four times: #4/4 Schoice=4

{ DIODES VSS IN OUT VDD

Mp OUT IN VDD VDD PMOS W=1.5U L=0.25U

Netlist Schematic @ Cross Reference & Log Mn OUT IN VSS VSS NMOS W=0.9U L=0.25U
Circuits Objects Layout Referencd Th|5 net matChed as eXDECtEd-
v m INVERTER_WITH_DIODI  INVERTER_WITH_DIODIINVERTER_WITH_DIODES
» O Pins
> T Nets
¥ LI Devices
v 10 NMOS $2 / NMOS [L=0.25, N / NMOS [L=0.25, W=0.9]
» oS Vss (2) Vss (3)
» oD ouT (2) ouT (3)
P oG IN (2) IN (3)
» B Vss (2) Vss (3)
v LI PMOS §1 / PMOS [L=0.25, P / PMOS [L=0.25, W=1.5]
» o5 VoD (2) VoD (3)
» oD ouT (2) ouT (3)
» oG IN (2) IN (3)
» o8B VoD (2) VoD (3)

|COnfigure] Probe Net| | Lock

15 $choice=4
4
>>> Current design file
Top cell name
SPICE deck file

' /home/sekigawa/GitWork/ForumKLayout/Study@02-Con2/Inv2/inv2. oas
" INVERTER WITH DIODES’
" inv2-correct.cir’

... KayoutForum No.2238 (as StudyO02: LVS of CMOS Inverter and 2-inputNAND) | "




22. Using MOS4 for the inv2.cir Tutorial

Q.9 Netlist Schematic Cross Reference = Log
. ' Circuits Objects Reference
Video v = INVERTER_WITH_DIODE  INVERTER_WITH_DIODIINVERTER_WITH_DIODES
*» O Pins
» T Nets
¥ LI Devices
v 10 NMOS $2 / NMOS [L=0.25, N / NMOS [L=0.25, W=0.9]
> o § Vss (2) VssS (3)
» D ouT (2) ouT (3)
P oG IN (2) IN (3)
» B vss (2) Vss (3)
v 10 PMOS $1 / PMOS [L=0.25, P / PMOS [L=0.25, W=1.5]
P o5 & D VoD (2) VDD (3)
P oD &S ouT (2) ouT (3)
» oG IN (2) IN (3)
» o B VoD (2) VoD (3)
probe Net " ILock Only in PMOS, S <=> D swapping happened.
M
>>> Current design file = ' /home/sekigawa/GitWork/ForumKLayout/Study002-Con2/Inv2/inv2. oas’
Top cell name = ' INVERTER WITH DIODES'
SPICE deck file = "inv2.cir’




23. Using MOSA4 for a 2-input NAND

WENSHIH https://www.klayout.de/forum/discussion/comment/ 9493

on 2023-02-17

Thanks for your suggestion and helps! If there is any information | can supply, please tell me.
Here is the test file.

E nand.test.zip

4= Starting point. Thank you for providing this!

1. Check the provided resource files and modify them if necessary.

NAND.zip

| Navigator £3]
Options




23. Using MOSA4 for a 2-input NAND

Cells @® Cells (]3]

¥ nand
M1_M5
M1_M5$1
M1_M6 Too many
M1_M6%1
mi_vimz  ghost cells
M1_V1_M2%1
M5_V5_M6
M5_V5_M6$1
NCELL$$33500204
NCELL$$33500204%1
NCELL$$33501228
NCELL$$33501228%1
NCELL$$33504300
NCELL$$33504300%1
PCELL$$33495084
PCELL$$33495084%1
PCELL$$33496108
PCELL$$33496108%1
PCELL$$33497132
PCELL$$33497132%1
PCELL$$33498156
PCELL$$33498156%1
PO_CO_M1
PO_CO_M1$1
nimp_vdd_noCO
nimp_vdd_noCO$1
npimp
npimp$1
pimp_gnd_noCO
pimp_gnd_noCO$1

Levels 0 o | 3 =

! Navigator 3

Options

—

| need
only the
top cell.




23. Using MOS4 for a 2-input NAND

i Navigator €3]

Optlons ~ “| active 1/0

nwell 3/0
pplus 11/0
nplus 12/0
contact 39/0
_| poly 41/0
matal1 46/0

poly = input(4:
active - input(1, @
nwell = input(3, 0
gate - poly & active
nplus - input(12, 0)
pplus input(11, 0)

Named layers and
saved in OASIS

via2 9, ©
metal3 - input(50, @)
metal3_1bl labels (50,

Layers
~71 140
| 3/0
L label layer (46, 1)
12/0
a0 does not present

2 410

46/0



23. Using MOS4 for a 2-input NAND

2. Using , prepare 16 distinct SPICE deck files that cover all D-S permutations/combinations.

nand-choice01.cir . nand-choice08.cir X nand-choicel6.cir x

1|

nand-choice01.cir X nand-choice08.cir X nand-choicel6.cir X
1|
and VDD GND

M M6 GND VIN2 N15¢

M M3 N15943 VIN1 OUT

M M5 VDD VIN1 OUT

‘” ‘”4 VDD VIN2 OUT nand-choice01.cir x nand-choice08.cir X nand-choicel6.cir
Mi 1

. nand VDD GND IN1 IN2 OUT NWELL SUBSTRATE
| expect ALL 16 SPICE deck files

M M6 N15943 VIN2 GND SUBSTRATE NMOS L=0.18um W=1.08um

should match by S-D swapping. M M3 OUT VIN1 N15943 SUBSTRATE NMOS L=0.18um W=1.08um
M M5 OUT VIN1 VDD NWELL PMOS L=0.18um W=1.62um
M M4 OUT VIN2 VDD NWELL PMOS L=0.18um W=1l.




23. Using MOSA4 for a 2-input NAND

3. Check the original design in GDS2.

missing ‘'vout’ label




23. Using MOS4 for a 2-input NAND

4. Remove the four dummy layers for S- and D-recognition

that were added to use the DMOS4 extractor.

Layers g X
active 1/0
R . nwell 3/0
' Monoecy (/ma'ni:si/; § pplus 11/0
 adj. monoecious /ma nifes/)is | 10
' a sexual system in seed | contact 39/0
: plants where I metall 46/0

 separate male and female cones | metafl_lbs 46/1

. or flowers are present on the same | removed ¢

_________________________________________________________

Monoecy - Wikipedia

No geometrical hint implying monoecy is given.

MOonoecious
plant




d.lvsdb

report lvs( "nand-choice

target netlist( "nand-choice%#02d e
write spice,
"Extracted by KLayo

GetOneOption
$
0
puts "Bye! You can ignore tf
exit
S
@ [s , @

AboutCurrentDesign(spicedeck)
designFile ::CellView: :active. filename
active layout ::CellView: :active. layout
puts ">>> Current design file '#{designFile}'"

" = . £ puts " Top cell name = '#{active layout.top cell.name}'"
giiz n### Usggi gng’:?xgéévz‘ puts " SPICE deck file = '#{spicedeck}'"
puts " then, execute the

active input(1, 0) : $g@c¢De;kSeLector
nwell input(3, 0) 23 initialize
pplus input(11, 0) 2 $ nil
nplus input(12, 0) $ 20
poly input (41, 0) ‘
: contact input(39, © @ [ $ 5 W
extractdey metall input (46
i 169 metall bl = labels(46, 1) 8 [n](} eyt
! dirName, baseName - File.split Al Sxl _
{ Dir.chdir(dirName) RSPt choice Range.new(1, 16) g
bulk = polygon layer ’ 3 @ [choice] "choice%#02d" choice
: source( "nand.oas", "nand" )
_ 11 ] @ {}
Conneer (=i T} L 38 choice in Range.new(l, 16)
connect (nsd 117 e - selector = SpiceDeckSelector. 2 opt = @ [choice] -
connect (pol' 118 active in_nwell active & nw selector.GetOneOption() 10 @ [opt] nand-#{opt}.cir
connect (con 119 pactive active in m choice, spicedeck = selector.GetSpice -
connect (met, 129 pgate pactive & pi choice 20
121 psd pactive - p )
D : Range.new(1, 16).include? (¢ L=k eeDeck

active outside nwell active - nw

connect glol 12° nactive active outs
connect glo/ 120 ngate nactive & pi
= nsd nactive - n

schematic(s| 12

compare

extraétfdevices(mos4(“PMOS”),'{ "sp"

puts ™! Your choice '#{choice}' iS ..vo< it pavenuy @

AboutCurrentDesign(spicedeck)

=> psd, "G" => pgate, "W" => nwell,



23. Using MOSA4 for a 2-input NAND

e @ Netlist = Schematic | Cross Reference Log
. Circuits Objects Layout Reference
. ' v m nand € NAND nand NAND
> D
Video choice=[1..16] S 7 ::2:
v LI Devices
v 11 NMOS $3 / NMOS [L=0.18, M6 / NMOS [L=0.18, W=1.08)
P 0S5 SD GND (1) GND (2)
PoDSS $7 (2) N15943 (2)
» oG VIN2 (2) VIN2 (2)
» o B SUBSTRATE (2) SUBSTRATE (3)
v 1 NMOS $4 / NMOS [L=0.18, M3 / NMOS [L=0.18, W=1.08]
P oS SD S7 (2) N15943 (2)
Still images are in “e@mE W =t
» oG VIN1 (2) VIN1 (2)
i » o B SUBSTRATE (2) SUBSTRATE (3)
- v 10 PMOS $2 / PMOS [L=0.18, _M5 / PMOS [L=0.18, W=1.62]
E P oS VOUT (3) ouT (4)
» oD VDD (2) VDD (3)
» oG VINL (2) VIN1 (2)
NANDZIp » o B NWELL (2) NWELL (3)
v 11 PMOS $1 / PMOS [L=0.18, M4 / PMOS [L=0.18, W=1.62]
P oSSD VoD (2) voD (3)
P oDES VOUT (3) ouT (4)
> oG VIN2 (2) VINZ (2)
» o B NWELL (2) NWELL (3)
Probe Net [ ILock Only in PMOS M5, S <=> D swapping did not happen.
' ‘? $choice=1
>>> Current design file = ' /home/sekigawa/GitWork/ForumKLayout/Study002-Con2/NAND/nand. oas’
Top cell name = "nand’
SPICE deck file = 'nand-choice@l.cir’




23. Using MOS4 for a 2-input NAND

Netlist

Circuits

|configure| Probe Net

[S"$choice=1
1

»>>> Current design file

Schematic

Top cell name
SPICE deck file

Cross Reference

Lock

Objects
¥ = pand < NAND
» o Pins

Log

> T Nets

v LI Devices

v

LI NMOS

P o5 &

P oD&S

v

G

© D
< G
© B

PMOS

o 5 &

vy v vvwv | vvvwvywy{ vvvwyyvwv ] vw
2
S m

o B

$3 / NMOS
GND (1)

VOUT (3)

VIN1 (2)

[L=0.

SUBSTRATE (2)

$2 / PMOS [

VOUT (3)
VDD (2)
VIN1 (2)
NWELL (2)
$1 / PMOS
VoD (2)
VOuT (3)
VINZ2 (2)

NWELL (2)

[L=0.

18,

.18,

Reference

_M6 / NMOS
GND (2)
N15943 (2)
VINZ (2)

SUBSTRATE (3)

3, _M3 / NMOS [L

N15943 (2)
ouT (4)

VIN1 (2)
SUBSTRATE (3)
_M5 / PMOS
ouT (4)
VDD (3)
VIN1 (2)
NWELL (3)

T e
M4 / PMOS [L

VDD (3)
ouT (4)

' /home/sekigawa/GitWork/ForumKLayout/Study@02-Con2/NAND/nand. oas

" nand’

" nand-choice@l.cir’

[L=0.18,

=0.18, W

i
Py

W=1.

[L=0.18, W=1.08]

=0,18, k=1.08]

.62]

nand-choice01 .cir

nand-choice08.cir nand-choice186.cir

Schoice=1

This net matched as expected.

nand VDD GND IN1 IN2 OUT NWELL SUBSTRATE
GND VIN2 N15943 SUBSTRATE NMOS  L=0.18um
N15943 VIN1 OUT SUBSTRATE  NMOS  L=0.18um
VDD VIN1 OUT NWELL PMOS  L=0.18um
VDD VIN2 OUT NWELL PMOS  L=0.18um

WENSHIH's 2-input NAND
https://www.klayout.de/forum/discussion/2238/

M5
- 8.1

Vout

Vinl e

Vin2 &




23. Using MOS4 for a 2-input NAND

Netlist Schematic = Cross Reference | Log

Circuits Objects

| moand N0 | monand & Navo

» -© Pins
T Nets
v LI Devices
¥ 10 NMOS

L

» oD

> G

> B
v 11 NMOS

o S
< G
PMOS
o G
© B
PMOS

< S

G
< B

|configure| Probe Net = |Lock
> $choice=16
16
»>>> Current design file
Top cell name
SPICE deck file

s )
nand
"nand-choicel6.cir’

n o n

g ¢

>
>
>
| 3
1L
>
» oD &
>
>
1
>
>
>
>

$3 / NMOS
GND (1)
$7 (2)
VINZ (2)

SUBSTRATE

S4 [ NMOS [

$7 (2)
VOUT (3)

VIN1 (2)

SUBSTRATE (

$2 / PMOS [L

VOUT (3)
VoD (2)
VINL (2)
NWELL (2)
$1 / PMOS
VDD (2)
VOUT (3)

VINZ (2)

[L=0.

[L=0.18,

18,

Reference

_M6 / NMOS [L=0.18, W=1.

GND (2)
N15943 (2)

VINZ (2

SUBSTRATE (3)

8, _M3 / NMOS

N15943 (2)
oUT (4)
VINL (2)

SUBSTRATE (3)

8, M5 / PMOS [L=

ouT (4)
VDD (3)
VIN1 (2)
NWELL (3)
_M4 | PMOS
VDD (3)
oUT (4)
VINZ (2)

NWELL (3)

' /home/sekigawa/GitWork/ForumKLayout/Study@02-Con2/NAND/nand. oas

[L=0.

[L=0.

18, W

08]

.08]

.62]

nand-choice01.cir x nand-choice08.cir X nand-choice16.cir

M M6
M M3
M M5
M M4

Schoice=16

This met matched as expected.

nand VDD GND IN1 IN2 OUT NWELL SUBSTRATE

N15943 VINZ GND SUBSTRATE  NMOS  L=0.18um
ouTt VIN1 N15943 SUBSTRATE NMOS  L=0.18um
ouT VIN1 VDD NWELL PMOS  L=0.18um
ouT VINZ VDD NWELL PMOS  L=0.18um

VDD WENSHIH's 2-input NAND

https://www.klayout.de/forum/discussion/2238/

M5
8.

0.9

1

Vinl &

Vin2 e

Vout




23. Using MOSA4 for a 2-input NAND

e @ Netlist = Schematic | Cross Reference Log
. Circuits Objects Layout Reference
. ' v m nand € NAND nand NAND
> D
Video choice=[1, 16] ; f:z:
v LI Devices
v 11 NMOS $3 / NMOS [L=6.18, M6 / NMOS [L=0.18, W=1.08]
> oS5 D GND (1) GND (2)
PoDSS $7 (2) N15943 (2)
» oG VIN2 (2) VIN2 (2)
» o B SUBSTRATE (2) SUBSTRATE (3)
v 1 NMOS $4 / NMOS [L=0.18, M3 / NMOS [L=0.18, W=1.08]
P oSSD S7 (2) N15943 (2)
Still images are in “e@mE W =t
» oG VIN1 (2) VIN1 (2)
i » o B SUBSTRATE (2) SUBSTRATE (3)
- v 10 PMOS $2 / PMOS [L=0.18, _M5 / PMOS [L=0.18, W=1.62]
E P oS VOUT (3) ouT (4)
» oD VDD (2) VDD (3)
» oG VINL (2) VIN1 (2)
NANDZIp » o B NWELL (2) NWELL (3)
v 11 PMOS $1 / PMOS [L=6.18, M4 / PMOS [L=0.18, W=1.62]
P oSSD VoD (2) VoD (3)
P oDES VOUT (3) ouT (4)
> oG VIN2 (2) VINZ (2)
» o B NWELL (2) NWELL (3)
Probe Net [ ILock Only in PMOS M5, S <=> D swapping did not happen.
' ‘? $choice=1
>>> Current design file = ' /home/sekigawa/GitWork/ForumKLayout/Study002-Con2/NAND/nand. oas’
Top cell name = "nand’
SPICE deck file = 'nand-choice@l.cir’




24. Summary and Further Questions

—————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

@ In the case of the Inv and Inv2 LVS, all four reference netlists matched as expected
with S D swapping.

@ In the case of the 2-input NAND, why does only PMOS M5 behave differently
. regarding the S D swapping?

_________________________________________________________________________________________________________________________________________________________________________

This region appears to be identified as N
B the Drain of M4 (S1)

as well as

B the Source of M5 ($2) )




24, Summary and Further Questions

0 Once a certain combination is matched by chance (algorithm/input dependent), are
no further possibilities (even if any) checked? }

Matthias

@WENSHIH: source and drain are interchangeable in the standard MOS device. So that is not the problem here.

KLayout will basically assign S and D randomly and try both ways during compare (and also during device
combination).

Matthias Have | just confirmed this specification
through this experiment?

@dick_freebird About the S/D symmetry: the MOS3/MOS4 extractors are by design symmetric. As S/D are

represented by the same layer, they cannot differentiate. So if the schematic is correct, there is no switch by which |

can tell the extractors (hence the extracted netlist) to use a specific source/drain orientation. So no configuration

option.

But the solution is simply to use DMOS3/DMOS4 for asymmetric devices (I think that can be clearly differentiated

by the device type). If you do so, there are two separate layers for S and D, and there is no ambiguity.

Matthias Already verified in “LVS-CMOS-Inverter-NAND-Con1.pptx”




24. Summary and Further Questions

_________________________________________________________________________________________________________________________________________________________________________

Vout

N15943

SD-(+6)-SD

GND
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