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Part-I: Getting Started

Summary of My Confusion




1. Study Materials
Main Index » KLayout User Manual » Layout vs. Schematic (LVS)

Layout vs. Schematic (LVS)

LVS is a verification step which checks whether a layout matches the
circuit from the schematic. The LVS feature is described in the
following topic chapters:

* | VS Devices

* | VS Device Classes o — inv2 oas
* | VS Device Extractors

* LVS Input/Output

» LVS Connectivity

» VS Compare

* | VS Netlist Tweaks

A reference for the functions and objects available for LVS scripts can
be found here: LVS Reference.

* Layout vs. Schematic (LVS) Overview = =
* L VS Introduction S —— w and 0

[1] https://www.klayout.de/forum/discussion/2234/net-check-on-package-level

Forum
[2] https://www.klayout.de/forum/discussion/2238/how-to-extract-transistor-in-parallel-topology-in-lvs




2. Study Environment and Legends in this Document

LS X

KLayout 0.28.5

By Matthias Kéfferlein, Munich 2023-02-06 r176bd9e97
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 62110-1301 USA

Build options:

* Ruby interpreter 3.1.3-p185 (x86_64-1inux)
* python interpreter 3.8.10 (default, Nov 14 2022, 12:59:47) [GCC 9.4.0]
* Qt bindings for scripts

Binarv extensions: B

Legends:




3. Incorrect SPICE Net

< | The original inv.cir and inv2.cir seem incorrect; or simple typos? .

B | E iowir Original/Incorrect B | B s Modified/Correct ]
1 1
2 * Simple CMOS inverer circuit - + 2|* Simple CMOS inverter circuit
3 3%
4 .SUBCKT INVERTER VSS IN OUT NWELL SUBSTRATE VDD - 4 * Qrigin:a:i: ﬁk‘:
5 Mp VDD IN OUT NWELL PMOS W=1.5U L=0.25U 5 M
6 Mn OUT IN VSS SUBSTRATE NMOS W=0.9U L=0.25U 6 *
7 .ENDS i 7*
8 =\ Y 8 *
98 1als (drain and source) of the PMOS seem interchangex
10
i- 11 .SUBCKT INVERTER USS IN OUT NWELL SUBSTRATE VDD
12* Mp VDD IN OUT NWELL PMOS W=1.5U L=0.25U
~ 13Mp OUT IN VDD NWELL PMOS W=1.5U L=0.25U
14Mn OUT IN VSS SUBSTRATE NMOS W=0.9U L=0.25U
15 .ENDS
B | [E invedr Origina|/|ncorrect (] ‘ B | [ inv2Kazzzscdir Modified/Correct i
1 1
2 * Simple CMOS inverer circuit = « 2 [F Simple CMOS inverter circuit
3 -a
4 .SUBCKT INVERTER WITH DIODES VSS IN OUT VDD -
5 Mp VDD IN OUT VDD PMOS W=1.5U L=0.25U
6 Mn OUT IN VSS VSS NMOS W=0.9U L=0.25U
7 .ENDS
8 =

¢ 11 .SUBCKT INVERTER _WITH | DIODES VSsS IN OUT VDD
e Mp VDD IN OUT VDD PMOS W=1.5U L=0.25U

~ 13Mp OUT IN VDD VDD PMOS W=1.5U L=0.25U

14Mn OUT IN VSS VSS NMOS W=0.9U L=0.25U
15 .ENDS




3. Incorrect SPICE Net

EAR PMOS’ swapped drain-source connections in the reference SPICE nets could be intentional to test the internal
algorithm of LVS because in the Forum [2] ...

"W Matthias
% on 2023-02-13

@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).

‘combine_devices® will not have an effect as there are no parallel devices as (@dick_freebird pointed out.

Could you show us your schematic netlist? After all, this 1s a simple NAND, so that should actually be very simple.

Matthias




3. Incorrect SPICE Net

Then, why do both extracted (resultant) nets coincide but are incorrect (drain and source interchanged)?

Z
3 * cell INVERTER WITH_DIODES
4 .SUBCKT INVERTER WITH DIODES

5 *.net-1.IN

6 * net 2 VDD

7] * ouT

8 * 4\VsS

oy * instance $1 r@ *1 1.025,4.95 PMOS

10M$ 2 PMOS L=0.25U W=1.5U AS=0.675P AD=0.675P PS=3.9U PD=3.9U
11*.d nstance $2 r@ *1 1.825,0.65 NMOS

12M$ 4 NMOS L=0.25U W=0.9U AS=0.405P AD=0.405P P5=2.7U PD=2.7U
13 .END YWWERTER WITH DIODES

3 * cell INVERTER_WITH DIODES
4 .SUBCKT INVERTER WITH DIODES
5* net 1IN

6 * net 2 VDD

instance $1 r@ *1 1.025,4.95 PMOS

D PMOS L=0.25U W=1.5U AS=0.675P AD=0.675P PS=3.9U PD=3.9U
stance $2 r@ *1 1.025,0.65 NMOS

1 NMOS L=0.25U W=0.9U AS=0.405P AD=0.405P PS=2.7U PD=2.7U
RTER WITH DIODES

F | ] inv_extracted.cir ig | [5] inv_extracted_KazzzS.cir ip
1 * Extracted by KLayout -+ € 1 Extracted by KLayout]
2 2
3 * cell INVERTER 3 * cell INVERTER
4 .SUBCKT INVERTER 4 .SUBCKT INVERTER
5* net 1 IN 5% net 1 IN
6 * net. 2 VSS 6 * net 2 VSS
7 * net 3 VDD 7 * net 3 VDD
8 * net 4 OUT 8 * net 4 OUT
9 *.net NWELL 9 * net /A NWELL
10 * net/ 6 \SUBSTRATE 10* 6\SUBSTRATE
11* deii instance $1 r@ *1 1.025,4.95 PMOS 11* icetinstance $1 r@ *1 1.025,4.95 PMOS
12M$1 PMOS L=0.25U W=1.5U AS=0.675P AD=0.675P P5=3.9U PD=3.9U 12M$ 5 PMOS L=0.25U W=1.5U AS=0.675P AD=0.675P PS5=3.9U PD=3.9U
13* device instance $2 r@ *1 1.025,0.65 NMOS 13+ dev nstance $2 r@ *1 1.025,0.65 NMOS
14M$2|2 |1 6 NMOS L=0.25U W=0.9U AS=0.405P AD=0.405P PS=2.7U PD=2.7U 14M$2) 2 6 NMOS L=0.25U W=0.9U AS=0.405P AD=0.405P PS=2.7U PD=2.7U
15 .ENUSINVERTER 15 .END RTER
B | [ inv2_extracted.cir ig B | [E] inv2_extracted_KazzzS.cir o
1 * Extracted by KLayout -» « 1 * Extracted by KLayout with <inv2Kazz:
2




Incorrect. Exported by the schematic capture tool?

4. Another Sample of Incorrect SPICE Net

P Or manually edited for testing? See slide #9 - #11.

WENSHIH el ] vob GND viNi viN2 vour ™ missing! not required?
on 2023-02-14 M M6 GND VIN2 N15943 GND MbreakN IL=0.18um W=1.08um
M M3 N15843 VIN1 VOUT GND MbreakN I=0.18um W=1.08um
Here is my schematic and schematic netlist. / M:MS VDD VIN1 VOUT VDD MbreakP I=0_.18um W=1.62um
M M4 VDD VIN2 VOUT VDD MbreakP I=0.18um W=1.62um
.ENDS

Does it mean the LVS of klayout would identify the mos that S and D are opposite in pair?
Like below M5 is from the schematic netlisi|S2 is from the layout netlis‘r:

|ﬁ N

MbrazkP
L = 0.18um ‘i
M

W = 1.62um v (R0
» S VDD (4)
S~ » oD VOUT(@3)
» =G VINT (2)
Ovout » B VDD (4)
M3, |
yisch I L =0,18um v L
Hhmal-chﬁ W = 1.08um » =S wvout{4d)
» o D wvdd(5)
P -G vinl (3)
» <o B wvdd(5)
HFi,_ L=90.18um
vin2 & 1 W = 1.08um Could you please explain more about fully parallel?
Mbreakhl |
. Thanks!
WENSHIH
("3.
gnd




4. Another Sample of Incorrect SPICE Net

B Correct (expected) SPICE net to be extracted

Extracting a correct SPICE deck is a
duty of a schematic editor, not of
KLayout!

. SUBCKT VDD GND VIN1 VINZ VOUT

M M6 N15942 VIN2 GND GND MbreakN L=©.18um W=1.68um
M M3 VOUT VIN1 N15943 GND MbreakN L1=0.18um W=1.08um
M M5 VOUT VIN1 VDD VDD MbreakP L=0.18um W=1.62um
M M4 VOUT VIN2 VDD VDD MbreakP L1=0.18um W=1.62um
. ENDS

W Let’s try the Electric CAD (developed by the legendary Steven M. Rubin) after many many M ANy years!
= R N

The Electric VLSI Design System
Version 9.07
@ Computer Aids for VLSI Design

Second Edition

Written by: Gilda Garreton

(inrandom Dmitry Nadezhin ‘{ Save...
order) Steven M. Rubin = —_—
‘ N.America | ¥
! C Team [ Java Team | [ Plugins ‘ —L‘

Copyright (c) 2016, Static Free Software. All rights reserved.

This is free software, and you are welcome to
redistribute it under certain conditions | License Details
Electric comes with ABSOLUTELY NO WARRANTY




4. Another Sample of Incorrect SPICE Net

B Schematic symbol of a PMOS and its four terminals (ports) in Electric

B The

source

is closer to the|bu|k

; the symbol is asymmetric to avoid misconnection.

NodelPInpe i es:

4-Port-Transistor (pMOS)

| X position:  |-12.5

| ¥ position:  [23

| [IMirror L-R [] Mirror U-D

Expanded () Unexpanded []Invisible Outside Cell [v] Easy to Select

@ Ports: ) Parameters: O Bus Members on Port: Show All

bidirectional pn cnned:s to wire
input port b connects to wire

The highlighted cursor (+) is a bit hard to see!

[ | Locked See l Color and Pattern... H Edit Parameters |




Scale PROJECT Preferences

The technology scale converts grid units to real spacing on the chip:

4. Another Sample of Incorrect SPICE Net

|bipolar (scale=2000.0 nanometers)
|cmos (scale=2000.0 nanometers)

default
i .
WENSHIH S5 2" n pUt NAN D {fpga (scale=2000.0 nanometers) tech no|o
. . i;ﬁ'afr_ﬁhgu(-gfa_lle=200.u nanometers)
https://www.klayout.de/forum/discussion/2238/ mocmos-cn (scale—200.0 nanometers) 2
mocmosold (scale=1000.0 nanometers)
|mocmossub {scale=200.0 nanometers)
Inmos (scale=2000.0 nanometers)
|pcb (scale=1270000.0 nanometers)
: 1=130.0 nanometers)

\a M5 ICE net ote by EIectric | o namei o
“““—<:{ -~ 4 8l 22 MM6 net@4 Vin2 GND  GND N L=0.18U W=1.08U
' )3 MM3 Vout Vinl net@94 GND N L=0.18U W=1.08U
AUl 04 MM5 Vout  vinl VDD VDD P L=0.18U W=1.62U

¢ 25 MM4 Vout Vin2 VDD VDD P L=0.18U W=1.62U

VDD

The row order has been changed.

I equivalent

. l MB‘
Vinl e

Correct (expected) SPICE net

. SUBCKT VDD GND VIN1 VINZ VOUT

M M6 N15943 VIN2 GHND GND  MbreakN L=0.18um W=1.08um
M M3 VOUT VIN1 N15943 GND  MbreakN [=08.18um W=1.88um
M M5 VOUT VIN1 VDD VDD MbreakP L=0.18um W=1.62um

Vin2 &

M M4 VOUT VINZ VDD MbreakP 1=0.18um W=1.62um
. ENDS




5. Incorrect Device Terminal Connections

The device connections are more confusing because...

B Emwss  With original incorrect reference net @ | & mcaswewith modified correct reference net @
16U NEL(D Name(SUBSIKAIE) ) 16Y  NMEL(D Name(SUBSIKAIL) )

181 net(6 name(VDD)) 181 net(6 name(VDD))

182 182

183 # Outgoing pins and their connections to nets 183 # Outgoing pins and their connections to nets
184 pin{(l name(VSS)) < 184 pin(1 name(VSS)) <=

185 pin(2 name(IN)) 185 pin{2 name(IN))

186 pin(3 name(OUT)) g——= 186 pin(3 name(OUT)) <gF——

187 pin(4 name(NWELL)) 187 pin(4 name(NWELL))

188 pin(5 name(SUBSTRATE)) 188 pin(5 name(SUBSTRATE))

189 pin(6 name(VDD)) — 189 pin(6 name(VDD)) <

190 190

191 # Devices and their connecfions 191 # Devices and their connectfionp
192 device(1 PMOS 192 device(1l PMOS

193 name(P) 193 name(P)

194  param(L 0.25) 194 - param(L 0.25)

195  param(W 1.5) 195  param(W 1.5).

196  param(AS 0) correct 196 param(AS 0) Incorrect

197  param(AD 0) 197 -~ param(AD @)

198 param(PS 0) 198 - param(PS @)

199  param(PD 0) 199  param(PD 0)

200 terminal(S 6) «— - «200] terminal(S 3) «——

201 terminal(G 2) 201  terminal(G 2)

202  terminal(D 3) «—— - «202 terminal(D ) «——
203 terminal(B 4) 203 terminal(B 4)

204 ) 204 . )

205 device(2 NMOS 205 device(2 NMOS

206 name(N) 206 - name(N)

207  param(L 0.25) 207  param(L 0.25)

208 param(W 0.9) 208  param(W 0.9)

209  param(AS 0) . 209 param(AS 0) .

210 param(AD 0) Incorrect 210 - param(AD @) Incorrect
211  param(PS 0) 211  param(P5 0)

212 param(PD 0) 212 param(PD 0)

213 terminal(S 3) < 213 terminal(S 3) <

214 terminal(G 2) 214 terminal(G 2)

215 terminal(D 1) 215 - terminal(D 1)

216  terminal(B 5) 216 terminal(B 5)

L S to be cont.




5. Incorrect Device Terminal Connections

cont.
P | 2 maws with original incorrect reference net® | = cmecmswe With modified correct reference net w
169 nNEeL(Ll name(vssj) 189 neL(l name(vssj))
190 net(2 name(IN)) 190 net(2 name(IN))
191 net(3 name(OUT)) 191 net(3 name(OUT))
192 net(4 name(VDD)) 192 net(4 name(VDD))
193 193
194 # Outgoing pins and their connections to nets 194 # Outgoing pins and their connections to nets
195 pin(l name(VSS)) <« 195 pin(1l name(VSS)) <
196 pin(2 name(IN)) 196 pin(2 name(IN))
197 pin(3 name(OUT))  Ge—=s 197 pin(3 name(OUT)) <————
198 pin(4 name(VDD)) —— 198 pin(4 name(VDD)) |
199 199
200 # Devices and their connectjon 200 # Devices and their connectionfs
201 device(1l PMOS 201 device(1l PMOS
202 - name(P) 202 name(P)
203  param(L 0.25) 203  param(L 0.25)
204 - param(W 1.5) 204 param(W 1.5)
205  param(AS @) 205  param(AS 0)
206  param(AD 0) correct 206  param(AD 0) incorrect
207  param(PS @) 207  param(PS @)
208  param(PD 0) 208  param(PD 0)
209 terminal(S 4) «—— » €209 terminal(s 3) «————
210 terminal(G 2) 218 terminal(G 2)
211  terminal(D 3) < -+ €211  terminal(D 4) <
212 terminal(B 4) 212 terminal(B 4)
[213--) 213..)
214 device(2 NMOS 214 device(2 NMOS
215 name(N) 215 name(N)
216  param(L 0.25) 216 param(L 0.25)
217  param(W 0.9) 217  param(W 0.9)
218  param(AS 0) . 218  param(AS 0) .
219 param(AD 0) incorrect 219 param(AD 0) incorrect
220 param(PS 0) 220 param(PS 0)
221  param(PD @) 221  param(PD @)
222 terminal(S 3) 222 terminal(S 3) =
223 terminal(G 2) 223 terminal(G 2)
224 . terminal(D 1) <= 224 terminal(D 1) =
225 . terminal(B 1) 225  terminal(B 1)
226 ) 226.- )
227 227
228 ) 228 )

2720\

220\




6. Correct Cross-References

The cross-references are much more confusing because all seem correct eventually but are inconsistent
with the other (intermediate) results. Where are my misunderstandings?

Netlist | Schematic | Cross Reference | Log
Circuits Ho_bi?,cts .Layout Reference
| wmowerter  |EESBONE N INVERTER INVERTER
" ©Pins with original incorrect reference net
* 1 Nets
¥ 1I Devices
¥ LI NMOS $2 / NMOS [L=8.25, N / NMOS [L=6.25, W=0.9]
» ofs B c [VSS (1) VSS (2)
> Il = ouT (2) ouT (3)
» o{G IN (2) IN (3) . .
Rodd SUBSTRATE (1) SUBSTRATE (2)[ | Netlist = Schematic = Cross Reference | Log |
SR ISR P TIRTI anes objects Layout reference
BRI | - G oiverTer INVERTER INVERTER
» | ouT (2) out (3) ™ » o pins . .
» oG N (2) IN (3) Tl ws with modified correct reference net
» o8 | NWELL (1) NWELL (2) St i
v 10 NMOS $2 / NMOS [L=0.25, N / NMOS [L=0.25, W=0.9]
» sl c [Vss (1) Vss (2)
P DR s | OUT (2) ouT (3)
» ol G IN (2) IN (3)
& oroofE SUBSTRATE (1) SUBSTRATE (2
6@ ¥ 10 PHDS S1 / PMOS [L=0.25, P / PMOS [L=0.25, W=1.5]
oy » ofs ks ¢ [VvoD (1) VDD (2)
» |pke s | our (2) ouT (3)
- IN (2) IN (3)
» o8| NWELL (1) NWELL (2) to be cont.




6. Correct Cross-References

Netlist  Schematic | Cross Reference | Log |

[Circuits

cont.

-Eobjects

_Layout

Reference

v s

B UL WS PGS | v (] INVERTER WITH D.

» © Pins
P T Nets
¥ LI Devices
¥ LI NMOS
[

SFD
P oDk s
» oG
& s
(-
> o
> o
> o

ID:IC\UU“

_INVERTER_WITH_DIODIINVERTER WITH_DIODES

with original incorrect reference net

$2 / NMOS [L=8.25, N / NMOS [L=0.25, W=0.9]

:Layout

Reference

vss (2) Vss (3)
ouT (2) ouT (3)
IN (2) IN (3)
vss (2) vss (3)
$1 / PMOS [1L=0,25, P J PWOS [L=0.25, W=1.5]
VvbD (2) VDD (3)
ouT (2) ouT (32)
IN (2) IN (3) B ‘ on
VDD (2) Voo (3) ; =
cts ;
INVERTER_WITH_DIO
» = Pins
» T Nets
¥ LI Devices
¥ LI NMOS
g S|<= D
L4 D~ S
g G
Xk B
(fgéb' I
<53 > sl b
[ e~ 5
[
S

INUERTERﬁHITHﬁDIDDEINVERTERFHITHFDIDDES
with modified correct reference net

$2 / NMOS [L=0.25, N / NMOS [L=0.25, W=0.9]

VS5 (2) VSS (3)

ouT (2) ouT (3)

IN (2) IN (3)

Vss (2) vss (3)

51 / PMOS |L=0.25, F /] PMO5 [L=0.25, W=1.5]
VDD (2) VDD (3)

ouT (2) ouT (3)

IN (2) IN (3)

VoD (2) VDD (3)




7. Netlist Database Browser

Is there any detailed document interpreting each item that could appear in the netlist database browser?
I’'ve tried to find it but couldn’t so far. Some items are very intuitive. However, others are not.

Does Schematic mean the netlist extracted from the reference

Extracted from the layout inv.oas

SPICE deck and correspond to Reference?

@ Extracted from the reference net inv.cir

jgtlist E«Eﬂatic | Cross Reference //
Circuits Objects Layout g Refe'rence Log is empty in this case.
v (1 INVERTER INVERTER INVERTER
» - Pins However, there would be
Does Netlist mean the netlist > T Nets What does <> symbol mean? | something to point out
¥ LI Devices .
extracted from the layout and T G WS Tl 3. R i 55, e such as the incorrect
correspond to Layout? » o5& L VSS (1) Vss (2) reference SPICE net.
» D&s  OUT (2) ouT (3)
PO IN (2) IN (3)
F o B SUBSTRATE (1) SUBSTRATE (2)
¥ L1 PMOS 53 f PMEE [L=8.2Z5,'F [ PMOS [L=8.25, W=1i.5]
| - vae {1) VoD (2)
3 b ouT (2) ouT (3)
L = I IN (2) IN (3)
P o B MWELL (1) MWELL (2)

s>

What does a number in () mean?




Part-1l: Digesting the Discussions




8. Interchangeability of Source and Drain in the Standard MOS Device

M | believe part of my confusion stems from my understanding of source and drain interchangeability.

Matthias
on 2023-02-13 , To me, this is not always correct.

]

@WENSHIH: source and -:Iraiqé 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 durning compare (and also during davice
combination).

‘combine_devices” will not have an effect as there are no parallel devices as ({@dick_freebird pointed out.
Could you show us your schematic netlist? After all, this 1s a simple NAND, so that should actually be very simple.

Matthias




8. Interchangeability of Source and Drain in the Standard MOS Device

Matthias
on 2023-02-20 This is a very important

@sekigawa Thanks for these elaborate slides! tool design concept, and |
respect it. However, |

| should comment about the "correctness” her9i|my viewpoint |is that "S" and *D" for a symmetric device should both could not read it from the
be read as 'S or D" as there is no differentiation.

inverter tutorials.

Sure the schematic is not correct if you tie D to vdd, but S and D arejonly logical concepts|for symmetric devices.
You could say that for a PMOS, D is the terminal with the lower and S is the terminal with the higher potential. For
NMOS it is the other way round.

Moreover, influenced by my
previous experiences, | have
a different view (#20 - #24)
on “S and D,” which created
Lacking any differentiating marker, the layout extractor on the other hand will arbitrarily assign S and D for a fundamental gap that
symmetric devices (like said, both terminals should be regarded 'S or D"). It does not take any efforts correcting thi e used my confusion.
‘mistake’. Instead, the netlist compare step regards "S" and "D as interchangeable, hence the netlists match and all

| guess that for simulation, the models do not necessarily reflect that symmetry, so for that practical reason it is
probably better to assign D and S correctly in the schematic. At least if you want to use this netlist for simulation.
For the topology however, the assignment is not binding for symmetric devices.

cases.

For DMOS3/4 class devices, the extractor can tell apart S and D and the netlist comparer will no longer regard S
and D as interchangeable.

Matthias

P———— - i o




8. Interchangeability of Source and Drain in the Standard MOS Device

® Below is a layout of a floating PMOS that is geometrically symmetry with respect to the gate poly.
® The terminals T1 and T2 can become the source and drain, or the drain and source, respectively.

A

® Therefore, we say “the source and drain can be interchangeable.”
B No objection in this stage. We agree
® |n other words, however, we cannot identify which is the source and which is the drain. so far!

| should comment about the "correctness” here:|my viewDoEnths that "S" and "D" for a symmetric device should both
be read as 'S or D" as hhere is no differentiation. |

+

I N D A e
LT L S TSI S S S8
.+.+.+.+.+.+.+.+.+.+.+.+.+
A A e e e
T R i
I U SO N O O T T T R O e




8. Interchangeability of Source and Drain in the Standard MOS Device

® Once the PMOS is used/connected in an Inverter, ambiguity vanishes.
;//// ® Thatis, T1 is forcibly given the generic name of Source; T2, Drain
. ® Then, Source and Drain are no longer interchangeable in the Inverter.*
/ . // ® And the SPICE net must be as follows; no other terminal connection can
- o i;i:i;_r e be possible as an Inverter.
Move o
without

rotation
& flip

B 05 0 s 0 S0 e ol S e i i s i
PO St B bl e MOlF St Sk P SOL Sk SN b S0k 3

- SUBCKT V55 IN OUT NWELL SUBSTRATE VDD

Mp OUT IN VDD NWELL PMOS W=1.5U L=0.25U
Mn OUT IN V55 SUBSTRATE NMOS W=0.SU L=8.25U
. ENDS

SPICE is for simulating the
behavior of circuitry.

Drain Source

(*) Source and Drain are the names of geometrical regions in the mask
layout, of course. At the same time, more importantly, they imply
the physical roles or behaviors in circuitry. Refer to the next slide.




9. My Understandings on Semiconductor Devices

Majority Carrier Electron mms) Hole =) Electron mmm) Hole =)
* Majority Carrier

Emi Emi
s (e mitter mitter Source Source
* Majority Carrier Base-Emitter Base-Emitter Gate-Source Gate-Source
Controller Voltage (Vy>0) Voltage (Vg<0) Voltage (V;s>0) Voltage (V<0)
Mz?uorlty Carrier Collector Collector Drain Drain
Receiver (Catcher) ) )
S and D are not logical but physical concepts

Circuitry

<
(0)]
(%]
Vv
=
<~-~ ~
(9]
A

* My terminology  Old aphorism among BJT chip designers: Emitter current decides everything.



10. Interchangeability of Emitter and Collector in the BJT Device? No Way!
Vee Vee

This terminal
cannot work
as an emitter

Biasing
Circuit

Biasing

Circuit

GND GND
Won’t work at all
Will work with an appropriate biasing circuit Schematic itself is incorrect




11. Interchangeability of Source and Drain in the Standard MOS Device (again)

In the Transmission Gate (analog switch) configuration, the Source and Drain names (and functions) are swappable.
Is present KLayout’s LVS designed to support this case?

Vpos
A MOS3 and MOS4 seem for this Jf |
ST O—u——DO‘
QP TTT
O O
UA QN —/— 1 — UB
v v
N R
Vneg




Part-1ll: Experiments

€ The original tutorials using inv.cir and inv2.cir seem not suitable as a “Hello, World

”n
!

program for LVS.

@ They look simple at first glance but need a deep understanding of the LVS tool design concept.
@ That is the pitfall | felt in. "

@ | prefer to pay an extra price for the overall simplicity and clarity of start something new.




12. Using DMQOS4

% Matthias

- on 2023-02-16

@dick_freebird 'm aware of this (@)

separately (see https://www.klayout.de/doc-qt5/manual/lvs_device_extractors.html#h2-192). The price to pay is
that you need separate recognition layers for source and drain.

The way | implement swapping is that for ‘"M0OS3" and "MOS4" | treat the schematic netlist as given (even if drain is

latter step is skipped.

@WENSHIH Just sharing screenshots does not make sense. This is a simple case and no device combination 15
needed - that only applies to fingered devices which are in parallel (B, S, G and D share the same net). | dont see
how the mismatch happens (LVS report), but | also dont see the script, | cant check the layers and derviations and |
cannot measure the device dimensions as | do not have the layouts. | cant really help in that case.

Matthias

There is another model, called "DMOS3" (no bulk pin) and "DMOS4" (bulk pin) which treats source and drain ﬁéﬂ

answer to
<1>

<6>



12. Using DMQOS4

dick freebird  on 2023-02-20

Yes, they should be but evidently are not, and | am wanting
1o get to the bottom of "why?".

| figure maybe removing known "not-right” from input netlists é]]
might help expose the unknown. l

Which thus far, remains unknown. | agree with you !

Let me ask another question which | have not seen specifically
asked: "Which of the MOS extractors are in fact being used?”.

It appears to me that this layout is done on a "found PDK'

and perhaps somebody set it up with non-swapping extractors
by default? If you poke into the devices do you find evidence
that D, S are being force-assigned (the recognition layers
mentioned)?

Corrolary activity: If MOS3 / MOS4 -are- being used, how = ?

about switching to DM0S3/4 and making the S/D symbol l

connections "correct™ Does that fix anything? Then if so,

Why? CA - C e CA . CA e . e . CA

| think that showing the exiract deck and the layer objects of Please g0 oug S eeaing ade

the NMOS and PMOS elements might offer clues. If there
is any sort of report file generated during layout extraction,
maybe that too?

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




13. Using DMOS4 for the inv.cir Tutorial

1. Add two dummy layers to recognize S and D easily. They are logical instances.

All Files

-

Inv-DMO$4.zip

1 NWELL 1/0
ACTIVE 2/0
. PPLUS 3/0
' NPLUS 4/0

POLY 5/0
CONTACT &/0
METAL17/0
METAL1_LABEL 7/1
VIA1 8/0

METAL2 5/0
METAL2_LABEL 9/1
5-Recognition 10/0
D-Recognition 11/0

} added



13. Using DMOSA4 for the inv.cir Tutorial

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

inv-DMOSA4.cir X inv.ci X invX1.c 4 invX2.cir x inv-DMOS4.cir

' VSS IN OUT NWELL SUBSTRATE VDD SChOice_l

Mp VDD IN OUT NWELL PMOS W=1.5U L=0.25U
Mn OUT IN VSS SUBSTRATE NMOS W=0.9U L=0.25U |:| $choice=4

INVERTER VSS IN OUT NWELL SUBSTRATE VDD
Mp OUT IN VDD NWELL PMOS W=1.5U L=0.25U
i - < (Imxza X . invOMOSA.cr : Mn OUT IN VSS SUBSTRATE NMOS W=0.9U L=0.25U
| expect this should match!

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

invX2.cir inv-DMOS4.cir

e e e B

INVERTER VSS IN OUT NWELL SUBSTRATE VDD ice=
Mp OUT IN VSS NWELL PMOS W=1.5U L=0.25U SChOICe 3
Mn VSS IN OUT SUBSTRATE NMOS W=0.9U L=0.25U




13. Using DMOSA4 for the inv.cir Tutorial

"Bye! You can ignore the

exit

@ kK'=1% , @

i AboutCurrentDesign(spicedeck)

"Extracted by puts "### Usage [ @=>exit, 1= 17 designFile ::CellView: :active. filename
puts " Set one of above ¢ 13 active layout ::CellView: :active.layout
puts " then, execute the 19 puts ">>> Current design file = '#{designFile}'"

puts " Top cell name = ‘#{active layout.top cell.name}'"
puts " SPICE deck file = '#{spicedeck}'"
nwell input(1, 0) : =
: active input(z, 0) : <4 §Ei%§9%55§9l55395
: 3’ g : initialize
extract_devices(dmos4("PMOS"), { "S" ﬁg}ﬁ: iggﬂ%}j $ 11
E poly input(5, ) 4 $ 10
: 5 ;gg;?;t iggﬂ%z‘ 63 dirName, baseName = File.split( Tl ) @ [ $ y )
extract_devices(dmos4("NMOS"), { "S" .0 [Sioq7 1m1 labels(7, 1) I Dir.chdir(dirName) 0
"ts" iald input (8 '”3 5 @ { 6 => "exit", 1 => "original", 2 => "variantX1", 3 => "variantX2", 4 => "correct" }
netal? input(@’ 5) 6 source( "inv-DMOS4.oas", "INVERTER" ) @ { "original" => "inv.cir",
metal2 1hl 1abh{3}ﬂ '1} [ 3 "variantX1" => "invXl.cir"
= i 16, 0 deep "variantX2" => "invX2.cir",
3?:£38F£§c 1ggﬂ§23:' 5; 5 "correct” => "inv-DMOS4.cir"
= ==k selector = SpiceDeckSelector.
. " ) 3 1 selector.GetOneOption()
connect(pss, contact 17 choice, spicedeck = selector.GetSpicel
connect(pdd, contact) = bulk = polygon layer 7 choice 10 39 GetSpiceDeck
connect(nss, contact) . ! : @
connect(ndd, contact) [1, 2, 3, 4].include?(choice 4
connect(poly, contact) ( puts "! Your choice '#{choice}' is r
connect(contact, metall) = 7 3 GetOneOption
connect(metall, metall 1bl) /8 1 5
connect(metall, vial) 3 AboutCurrentDesign(spicedeck) : 0
60 connect(vial, metal2)
1 connect(metal2, metal2 1bl) active in nwell active
pactive active
connect_global(bulk, "SUBSTRATE") pggte p:gii;
connect global(nwell, "NWELL") 3 gss Esd I
pdd psd 86 report_lvs( "inv-DMOS4A-choice#{choice}.lvsdb", true )

active outside nwell = active

Reetila active | target netlist( ;i2¥é023§i2-choice#{chcice} extracted.cir",
schematic(spicedeck) ﬂgﬂte ﬂggﬁizé ;aéée f
nss nsd & source rec

COmpAKE ndd nsd & drain_rec



13. Using DMOSA4 for the inv.cir Tutorial

N e

R VSS IN OUT NWELL SUBSTRATE VDD

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

Schoice=1

Nn VDD IN OUT NWELL PMOS W=1.5U L=0.25U
in OUT IN VSS SUBSTRATE NMOS W=0.9U L=0.25U

Netlist = Schematic | Cross Reference | Log
Circuits Objects Layout Reference
B TNVERTER C ¥ B INVERTER (=) INVERTER INVERTER
» O Pins
» T Nets
¥ LI Devices
v LI NMOS @ %2 / NMOS [L=0.25, N / NMOS [L=0.25, W=0.9]
> S&D © vss (1) vss (2)
P opD&S © ouT (2) ouT (3)
P oG © IN (2) IN (3)
P OB SUBSTRATE (1) SUBSTRATE (2)
v 10 PMOS $1 / PMOS [L=0.25, P / PMOS [L=0.25, W=1.5]
> oS VDD (1) VDD (2)
> oD & ouT (2) ouT (3)
» oG @ IN (2) IN (3)
> o B NWELL (1) NWELL (2)
Probe Net Lock
IS $choice=1
1
>»> Current design file = ' /home/sekigawa/GitWork/ForumKLayout/Study002/Inv-DM0S4/inv-DM0S4. oas’
Top cell name = ' INVERTER’
SPICE deck file = "inv.cir’

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




13. Using DMOSA4 for the inv.cir Tutorial

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

R VSS IN OUT NWELL SUBSTRATE VDD Schoicezz

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

Only this matched!

Netlist Schematic Cross Reference  Log

Circuits Objects Layout Reference
v m INVERTER INVERTER INVERTER
» O Pins
» T Nets
v LI Devices
v 11 NMOS $2 / NMOS [L=0.25, N / NMOS [L=0.25, W=0.9]
> S VsS (1) VsS (2)
> D ouT (2) oUT (3)
> 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 oS voD (1) VoD (2)
> D ouT (2) ouT (3)
> oG IN (2) IN (3)
» o B NWELL (1) NWELL (2)

Configure| Probe Net = Lock

IS $choice=2
2

>>> Current design file
Top cell name = ' INVERTER’
SPICE deck file = "invXl.cir

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

" /home/sekigawa/GitWork/ForumKLayout/Study@02/Inv-DM0S4/ i nv-DMOS4. oas’




inv-DMOS4. cir

|verian s2: (s, wosi={ eorrect, dneorect)|

VSS IN OUT NWELL SUBSTRATE VDD SChOice=3

13. Using DMOSA4 for the inv.cir Tutorial

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

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

Netlist Schematic Cross Reference @ Log

Circuits Objects Layout Reference
= TINVERTER c) v B TINVERTER (=) INVERTER INVERTER
» O Pins
» T Nets
v LI Devices
v 11 NMOS © $2 / NMOS [L=06.25, N / NMOS [L=0.25, W=0.9]
» p&s  © ouT (2) vss (3)
> S&D VSsS (1) ouT (3)
» oG @ 1IN (2) IN (3)
> o B SUBSTRATE (1) SUBSTRATE (2)
v 1I PMOS $1 / PMOS [L=0.25, P / PMOS [L=0.25, W=1.5]
» oS © voD (1) ouT (3)
» D @ out (2) vss (3)
» oG © IN (2) IN (3)
» o B NWELL (1) NWELL (2)

Configure| Probe Net = Lock

'S $choice=3
3
>>> Current design file
Top cell name = ' INVERTER’
SPICE deck file = "invX2.cir

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

" /home/sekigawa/GitWork/ForumKLayout/Study@02/Inv-DM0OS4/ i nv-DMOS4. oas’




13. Using DMOSA4 for the inv.cir Tutorial

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

(AP TEaE cholce=2

Netlist Schematic @ Cross Reference Log INVERTER VSS IN OUT NWELL SUBSTRATE VDD
Circuits Objects Layout Mp OUT IN VDD NWELL PMOS W=1.5U L=0.25U
= INVERTER < v = INVERTER = INVERTER Mn OUT IN VSS SUBSTRATE NMOS W=0.9U L=0.25U
> © Pins | expected this should match. But failed!
» T Nets
v LI Devices
v 10 NMOS © $2 / NMOS [L=0.25, N / NMOS [L=0.25, W=0.9]
»osep @ vss (1) vss (2)
» DeSs ouT (2) ouT (3)
» 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]
» oS @ vop (1) ouT (3)
» D @ out (2) VoD (2)
P oG © IN (2) IN (3)
» o B NWELL (1) NWELL (2)

Confiqure| Probe Net Lock

'S $choice=4 ' ™
4

>>> Current design file

Top cell name

SPICE deck file

" /home/sekigawa/Gi tWork/ForumKLayout/Study002/Inv-DM0S4/ inv-DMOS4. oas’
" INVERTER’
" inv-DM0S4.cir’

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




14. Using DMOS4 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.

All Files

-

i

NAND-DMOS4.zi
P

| Navigator £3]
Options +




14. Using DMOS4 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.




14. Using DMOSA4 for a 2-input NAND

i Navigator €3]
Options ~

“| 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



nand.cir

nand terminals are missin

GND VIN2 N15943 GND MbreakN L=0.18um W=1.08um

14. Using DMOSA4 for a 2-input NAND

2. Prepare two SPICE deck files. L M VDD VIN1 VOUT VDD MbreakP L=0.18um W=1.62um
0 A0 VDD VIN2 VOUT VDD MbreakP L=0.18um W=1.62um

original SPICE deck

Schoice=1 nand-incorrect.cir

nd VDD GND VIN1 VINZ2 VOUT NWELL SUBSTRATE
GND VIN2 N15943 SUBSTRATE NMOS L=0.18um  W=3%.08um
N15943 VIN1 VOUT SUBSTRATE NMOS L=0.18um W=1.08um
VDD VIN1 VOUT NWELL PMOS L=0.18um W=1.62um
VDD VIN2 VOUT NWELL PMOS L=0.18um W=1.62um

D and S are swapped
PP Schoice=4 nand.cir

, | expect this should match!
1and VDD GND IN1 IN2 OUT NWELL SUBSTRATE
N15943 VIN2 GND SUBSTRATE NMOS  L=0.18um  W=1.08um
ouT VINI N15943 SUBSTRATE NMOS L=0.18um W=1.08um
ouT VIN1 VDD NWELL PMOS  L=0.18um  W=1.62um
ouT VIN2 VDD NWELL PMOS W=1.62um




14. Using DMOS4 for a 2-input NAND

3. Check the original design in GDS2.

missing ‘'vout’ label




14. Using DMOS4 for a 2-input NAND

4. Prepare my design in OASIS:

“nand-DMOS4.oas”

Monoecy (/ma'ni:si/;
. adj. monoecious /ma'ni:fas/)! is
 a sexual system in seed
| plants where
. separate male and female cones
. or flowers are present on the same

_________________________________________________________

Monoecy - Wikipedia

;!;Gate

Pollen can be
seen as the
majority carrier.

Pollen - Wikipedia

nand-DMOS4.0as [nand]

i on 1 Added some
| helper layers

_ 1{e]§

I V777777 |Nespeliments

Layers

active 1/0
nwell 3/0
pplus 11/0
nplus 12/0
poly 41/0
contact 39/0
metall 46/0

metall_lbs 46/1

[ S-Recognition 51/0
MaleS-Recognition 51/1
i D-Recognition 52/0
FemaleD-Recognition 52/1

2

Drain ¢

!

v Source
[T
(]

\
\/f

monoecious
plant



14. Using DMOS4 for a 2-input NAND

schematic 177

compare

puts "#HE |

Buts "

nss =
ndd

nsmale

ndfemale

extract devices(dmos4
extractidevices(dmosdr
extractidevices(dmosd,ir

extract devices(dmos4

connect(pss,
connect (pdd,
connect(nss,
connect(ndd,
connect(poly,
connect(contact,
connect (metall,
connect(nsmale,

sSaIaANNNNAN

connect global (bulk,

active
nwell
pplus
nplus

poly
contact
metall
metall 1bl
source_rec
drain rec

male S rec
female D rec

bulk

input(1, 0)
input(3, 0)
input(11, ©

input(51, O
input(52, 0

= ) monoecious
) plant

input(51, 1
input(52, 1

polygon layer

active in nwell active & nwell
pactive active in nwell & pp
pgate pactive & poly

psd pactive - pgate

pss psd & source_rec

pdd psd & drain_rec
active outside nwell active - nwell
nactive active outside nwell
ngate nactive & poly

nsd nactive - ngate

connect_global(nwell, “NWELL™)

F
puts "

dirName, baseName

AboutCurrentDesign(spicedeck)
designFile
active layout 1:CellViel
puts ">>> Current design file

puts " Top cell name =
puts " SPICE deck file =
SpiceDeckSelector

initialize

=> "original",

::CellView: :active. filename
::active. layout

'#{designFile}"'"
'#{active layout.top cell.name}'"
‘#{spicedeck}'"

4 => "correct" }
"nand-incorrect.cir",
"nand.cir"

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

Dir.chdir(dirName) $
source( "nand-DMOS: @ [$ "]
deep @ { 6= "exait"; 1
@ { "original" =>
selector = SpiceDe( "correct" =
selector.GetOneOpt:
choice, spicedeck
choice 10
GetSpiceDeck
[1, 4].i1 (c]
puts "! Your cho:
GetOneOption
AboutCurrentDesign| $
0
report lvs( “nand-DMOS4A-choice#{choice},lvsdb”, true )

target netlist( "nand-DMOS4A-choice#{choice} extracted.cir"

write spice,

"Extracted by KLayout with <#{spicedeck}>" )




14. Using DMOS4 for a 2-input NAND - $choice=1

6. Run the modified LVS script twice: #1/2 This matched!

1id VDD GND VIN1 VIN2 VOUT NWELL SUBSTRATE

: GND VIN2 N15943 SUBSTRATE NMOS L=0.18um W=1.08um
Circuits Objects Layout Reference N15943 VIN1 VOUT SUBSTRATE NMOS L=0.18um W=1.08um
v mnand ¢ NAND  nand NAND VDD VIN1 VOUT  NWELL PMOS  L=0.18um  W=1.62um
s VDD VIN2 VOUT  NWELL PMOS  L=0.18um  W=1.62um
» T Nets
¥ LI Devices
v 1[I NMOS $4 / NMOS [L=0.18, M6 / NMOS [L=0.18, W=1.08]
> o § GND (1) GND (2) .
e 56 (2) N15943 (2) VDD WENSHIH's 2-input NAND
» oG VINZ (2) VINZ (3) https://www.klayout.de/forum/discussion/2238/
» o B SUBSTRATE (2) SUBSTRATE (3)
v 10 NMOS $3 / NMOS [L=0.18, M3 / NMOS [L=0.18, W=1.08]
» oS $6 (2) N15943 (2)
» D VOUT (3) VOuT (4)
» oG VINL (2) VINL (3) M4 o s
» o B SUBSTRATE (2) SUBSTRATE (3) 02 8.1
v 1[I PMOS $2 / PMOS [L=0.18, _M5 / PMOS [L=0.18, W=1.62] 8.1
» oS VoD (2) VDD (3) Vout
» D VOUT (3) VOUT (4) ® *
» oG VINI (2) VIN (3)
» o B NWELL (2) NWELL (3)
¥ I PMOS $1 / PMOS [L=0.18, _M4 / PMOS [L=0.18, W=1.62] l M3|[ o
» oS VoD (2) VoD (3) Vinl & 5.4
» D VOUT (3) VOUT (4) B
» oG VINZ (2) VINZ (3)
» o B NWELL (2) NWELL (3)
M6| [ os
Vin2 e 5.4
Configurel Probe Net Lock
’?SEhEiEI ™
>>> Current design file = ' /home/sekigawa/GitWork/ForumKLayout/Study002/NAND-DM0S4/nand-DM0S4. oas’
Top cell name = "nand’ GND
SPICE deck file = "nand-incorrect.cir’ I
+ —_—




14. Using DMOSA4 for a 2-input NAND

6. Run the modified LVS script twice: #2/2

Circuits Objects
= nand < NAND <)
» -0 Pins
» T Nets
v LI Devices
v 11 NMOS
» oS
» oD
» o G
- B

> G
» o B
v 11 PMOS
» o S
> D
» o G
» o B

|configure| Probe Net| |Lock

o0

0

O

o000

00

Layout

v ™ pand <> NAND = nand

$4 / NMOS
GND (1)
$6 (2)
VINZ (2)
SUBSTRATE

$3 / NMOS [L=0.18, _M3 / NMOS [L=0.18, W=1.68]

$6 (2)
VOUT (3)
VINL (2)
SUBSTRATE

$2 / PMOS [

voD (2)

VouT (3)
VINL (2)
NWELL (2)
$1 / PMOS
VDD (2)

VouT (3)
VIN2 (2)
NWELL (2)

[L=0.18, _M6 / NMOS [L=0.18, W=1.08]

(2)

[L=0.18,

Reference
NAND

N15943 (2)
GND (2)

VINZ (2)
SUBSTRATE (3)

ouT (4)
N15943 (2)
VINL (2)
SUBSTRATE (3)

5, _M5 / PMOS [L=0.18, W=1.62]

ouT (4)
VDD (3)
VINL (2)
NWELL (3)

_M4 / PMOS [L=0.18, W=1.62]

ouT (4)
VoD (3)
VIN2 (2)
NWELL (3)

IS Schoice=4
4

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

" nand’
’ .y
nand.cir

* /home/sekigawa/GitWork/ForumKLayout/Study@02/NAND-DM0S4/nand-DM0S4. oas’

Schoice=4

| expected this should match. But failed!

| VDD GND IN1 IN2 OUT NWELL SUBSTRATE
N15943 VIN2 GND SUBSTRATE NMOS L=0.18um  W=1.08um
ouT VIN1 N15943 SUBSTRATE NMOS L=0.18um W=1.08um
ouT VIN1 VDD NWELL PMOS L=0.18um W=1.62um
ouT VIN2 VDD NWELL PMOS L=0.18um W=1.62um

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

M4 Ja 0.9
8.1 8.1

Vout
l M3|[ oo
Vinl & 5.4
M6|[ oo
Vin2 & 5.4
GND




15. Summary and Intermediate Conclusions as of 2023-02-20

€ To use DMOS4 in LVS, | employed the notion of an extraction helper layer.
' ® |I’'m not sure if inv-DMOS4A.lvs and nand-DIMIOS4A.lvs are appropriate or not.
® Any suggestion will be highly appreciated.

€ The net extracted from a layout is correct (in the two cases).

€ However, a reference net (SPICE deck) seems to be misinterpreted...
® as if S and D are always (forcibly) swapped first even if the intention is...

The way | implement swapping is that for "MOS3" and "MOS4] | treat the schematic netlist as givenl(even if drain is

_________________________________________________________________________________________________________________________________________________________________________




nand-DMOS4.0as [nand]

Local Parts Storeroom




