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Inverter
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By Kazzz-S (2023-02-21)

Aim: 

To understand the basics of 

KLayout’s LVS

Disclaimer:

This document is for personal records only.

There is NO WARRANTY on technical 

correctness.
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1. Study Materials

and

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

[2] https://www.klayout.de/forum/discussion/2238/how-to-extract-transistor-in-parallel-topology-in-lvs
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2. Study Environment and Legends in this Document

(1) my understandings/guesses

<1> my questions

Legends:
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3. Incorrect SPICE Net
The original inv.cir and inv2.cir seem incorrect; or simple typos?<1>

Original/Incorrect

Original/Incorrect

Modified/Correct

Modified/Correct
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3. Incorrect SPICE Net
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] …

(1)

on 2023-02-13
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3. Incorrect SPICE Net
Then, why do both extracted (resultant) nets coincide but are incorrect (drain and source interchanged)? <2>
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4. Another Sample of Incorrect SPICE Net

on 2023-02-14

correct

incorrect

Incorrect.  Exported by the schematic capture tool?  

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

correct

VDD   GND   VIN1   VIN2   VOUT missing!  not required?
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Extracting a correct SPICE deck is a 

duty of a schematic editor, not of 

KLayout!

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

 Correct (expected) SPICE net to be extracted 

4. Another Sample of Incorrect SPICE Net
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 Schematic symbol of a PMOS and its four terminals (ports) in Electric

 The source is closer to the bulk ; the symbol is asymmetric to avoid misconnection.

4. Another Sample of Incorrect SPICE Net

The highlighted cursor (+) is a bit hard to see!
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Correct (expected) SPICE net 

SPICE net exported by Electric

equivalent

4. Another Sample of Incorrect SPICE Net

default 

technology
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5. Incorrect Device Terminal Connections
The device connections are more confusing because…<3>

with original incorrect reference net with modified correct reference net

incorrect

to be cont.

correct

incorrect incorrect
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with original incorrect reference net with modified correct reference net
cont.

correct

incorrect

incorrect

incorrect

5. Incorrect Device Terminal Connections
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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?

<4>

with original incorrect reference net

with modified correct reference net

to be cont.
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cont. with original incorrect reference net

with modified correct reference net

6. Correct Cross-References
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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.
<5>

Extracted from the layout inv.oas(2)

Extracted from the reference net inv.cir(3)

<5a> Does Netlist mean the netlist 

extracted from the layout and 

correspond to Layout?

<5b> Does Schematic mean the netlist extracted from the reference 

SPICE deck and correspond to Reference?

<5c> What does  symbol mean?

<5d> What does a number in () mean?

<5e>

Log is empty in this case.

However, there would be 

something to point out 

such as the incorrect 

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

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

To me, this is not always correct.on 2023-02-13
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8. Interchangeability of Source and Drain in the Standard MOS  Device

on 2023-02-20 This is a very important 

tool design concept, and I 

respect it. However, I 

could not read it from the 

inverter tutorials.

Moreover, influenced by my 

previous experiences, I have 

a different view (#20 - #24) 

on “S and D,” which created 

a fundamental gap that 

caused my confusion.

Moreover, influenced by my 

previous experiences, I have 

a different view (#20 - #24) 

on “S and D,” which created 

a fundamental gap that 

caused my confusion.



20KLayout Forum No. 2238 (as Study002: LVS of CMOS Inverter and 2-input NAND)

 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.

 Therefore, we say “the source and drain can be interchangeable.”

 No objection in this stage.

 In other words, however, we cannot identify which is the source and which is the drain.

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

T1 T2

Gate

We agree 

so far!
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T1 T2 Source Drain
 Once the PMOS is used/connected in an Inverter, ambiguity vanishes.

 That is, 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 

be possible as an Inverter.

Move 

without

rotation 

& flip

SourceDrain

(*) 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.

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

SPICE is for simulating the 

behavior of circuitry.
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Device

Physics
NPN BJT PNP BJT N-ch MOS Tr P-ch MOS Tr

Majority Carrier Electron Hole Electron Hole

* Majority Carrier 

Injector (Pitcher)
Emitter Emitter Source Source

* Majority Carrier 

Controller

Base-Emitter 

Voltage (VBE>0)

Base-Emitter 

Voltage (VBE<0)

Gate-Source 

Voltage (VGS>0)

Gate-Source 

Voltage (VGS<0)

* Majority Carrier 

Receiver (Catcher)
Collector Collector Drain Drain

Circuitry

9. My Understandings on Semiconductor Devices

* My terminology

VEE

VBE>0

C

E

B

VCC

VBE<0

B

C

E

VSS

VGS>0

G

S

D

VDD

VGS<0

G
S

D

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

S and D are not logical but  physical concepts
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10. Interchangeability of Emitter and Collector in the BJT Device?  No Way!

GND

C

E

B

VCC

B

C

E

Biasing

Circuit
VOUT

VIN

GND

C

E

B

VCC

B

C

E

Biasing

Circuit VOUT
VIN

Will work with an appropriate biasing circuit
Won’t work at all 

Schematic itself is incorrect

This terminal 

cannot work 

as an emitter
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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?

<6>

MOS3 and MOS4 seem for this
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 The original tutorials using inv.cir and inv2.cir seem not suitable as a “Hello, World!” program for LVS. 

 They look simple at first glance but need a deep understanding of the LVS tool design concept. 

 That is the pitfall I felt in.

 I prefer to pay an extra price for the overall simplicity and clarity of start something new.
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12. Using DMOS4

on 2023-02-16

answer to

<1>

<6>
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12. Using DMOS4
on 2023-02-20

I agree with you!

I have already attempted this activity.

Please go through the succeeding slides.
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13. Using DMOS4 for the inv.cir Tutorial

added

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

All Files

Inv-DMOS4.zip
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13. Using DMOS4 for the inv.cir Tutorial

$choice=1

$choice=2

$choice=3

$choice=4

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

I expect this should match!

D and S are swapped
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13. Using DMOS4 for the inv.cir Tutorial
3. Modify the sample LVS script for testing and debugging.

inv-DMOS4A.lvs
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13. Using DMOS4 for the inv.cir Tutorial
4. Run the modified LVS script four times: #1/4 $choice=1
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13. Using DMOS4 for the inv.cir Tutorial
4. Run the modified LVS script four times: #2/4 $choice=2

Only this matched!
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13. Using DMOS4 for the inv.cir Tutorial
4. Run the modified LVS script four times: #3/4 $choice=3
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13. Using DMOS4 for the inv.cir Tutorial
4. Run the modified LVS script four times: #4/4

$choice=4

I expected this should match. But failed!
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14. Using DMOS4 for a 2-input NAND

https://www.klayout.de/forum/discussion/comment/_9493

on 2023-02-17

Starting point.  Thank you for providing this!

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

All Files

NAND-DMOS4.zi
p
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14. Using DMOS4 for a 2-input NAND

I need 

only the 

top cell.
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14. Using DMOS4 for a 2-input NAND
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14. Using DMOS4 for a 2-input NAND

original SPICE deck

nand-incorrect.cir

nand.cir

2. Prepare two SPICE deck files.

$choice=4

I expect this should match!

$choice=1

D and S are swapped
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14. Using DMOS4 for a 2-input NAND

3. Check the original design in GDS2.
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14. Using DMOS4 for a 2-input NAND

Added some 

helper layers 

for 

experiments

4. Prepare my design in OASIS:

“nand-DMOS4.oas”

SourceDrain

Monoecy (/məˈniːsi/; 

adj. monoecious /məˈniːʃəs/)[1] is 

a sexual system in seed 

plants where

separate male and female cones 

or flowers are present on the same 
plant.

Pollen can be

seen as the 

majority carrier.

Pollen - Wikipedia

Monoecy - Wikipedia

Gate
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14. Using DMOS4 for a 2-input NAND

5. Modify the LVS script for testing and debugging. 
nand-DMOS4A.lvs
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14. Using DMOS4 for a 2-input NAND

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

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

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

$choice=4

I expected this should match. But failed!
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15. Summary and Intermediate Conclusions as of 2023-02-20

 To use DMOS4 in LVS, I employed the notion of an extraction helper layer.

 I’m not sure if inv-DMOS4A.lvs and nand-DMOS4A.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…
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VDD

VOUT

VIN1

VIN2

GND

M6 M3

M5M4

Local Parts Storeroom


