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A homemade MOSFET by Sam Zeloof in 2021:
• https://www.youtube.com/watch?v=IS5ycm7VfXg

Also check: 
https://sam.zeloof.xyz/category/semiconductor/



A homemade MOSFET by Sam Zeloof in 2021:
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Mask for each step:



Making CMOS is in the realm of
 process engineering



The realm of process engineering
Photolithography example: lift-off

Data sheet and process flow from Kayaku and Kurt J. Lesker
Fabrication process at Indiana University cleanroom, 2021
Device shown was for Alzheimer’s detection: https://doi.org/10.1038/s41378-025-00916-4

Before lift-off Lifting-off

Wafers

1600-2500 ℃

Vacuum 
chamber



CMOS NAND gate IRL:

1
2 3



Little class exercise: identify the “NAND” gate

1
2 3



The “NAND gate” mystery in CD4011B

https://www.tutorialspoint.com/vlsi_design/vlsi_design_combinational_mos_logic_circuits.htm

A CMOS NAND gate



Built in IC: from schematics to layered design

https://www.tutorialspoint.com/vlsi_design/vlsi_design_combinational_mos_logic_circuits.htm

A CMOS NAND gate

A B



Built in IC: schematics
𝐴×𝐵 = 𝐴̅ + '𝐵

ON: 𝐴̅ + '𝐵

ON:	𝐴×𝐵

Actual function in the PMOS block 

Actual function in the NMOS block 

Logic for NAND:

Pull up

Pull 
down

Vdd

Vout

Vin

Vin

CMOS schematic design is so confined, there’s no need for truth table.



Reminder: C is for complimentary

MIT 6.004



CMOS schematic design, no need for truth table
O = (A+B)·C

Pull up

Pull 
down

Vdd

Vout

Vin

Vin

Target logic operation:

Step 1 (PMOS block): operate for logic high, but with all '𝑋

Step 2 (NMOS block): operate for logic low, thus we 
are solving for *O



CMOS schematic design, no need for truth table
O = (A+B)·C

Pull up

Pull 
down

Vdd

Vout

Vin

Vin

Target logic operation:

Step 1 (PMOS block): operate for logic high, but with all '𝑋 (A·B)+C

O = (A+B)·CStep 2 (NMOS block): operate for logic low, thus we 
are solving for *O



Or quicker way if we remembered the 
complimentary rules:

O = (A+B)·C

Step 1: 
Pull down (NMOS)

(A·B)    + C

O = (A+B)  · C

Step 2: 
Pull up (PMOS), 
just De Morgan it:

MIT 6.004

The complimentary rule:
Parallel in NMOS, serial in PMOS
Serial in NMOS, parallel in PMOS



Just write it down, no truth table

MIT 6.004

O = (A+B)·C
CMOS design without truth table

Pull down (NMOS)

Pull up (PMOS)

A B

C

A

B
C

Vdd

Vout

The complimentary rule:
Parallel in NMOS, serial in PMOS
Serial in NMOS, parallel in PMOS



Improved cheat sheet for CMOS design
O = (A+B)·C

OR: A+B

AND: A·B

O = (A+B)·C

Step 1 NMOS, solve for O 

A B

C

As if they are 
mechanical switches!

AND OR logic expressed in 
mechanical Switches:

Step 2 PMOS, use the 
complimentary rule:
Parallel in NMOS, serial in PMOS
Serial in NMOS, parallel in PMOS

A

B
C

Step 3 add everything else (I/O, Vdd, GND and wires)



CMOS design, in-class exercise
O = (A·B+C)·D+E

OR: A+B

AND: A·B

AND OR logic expressed in 
mechanical Switches:



Built in IC: to layered design
https://app.siliwiz.com/



Built in IC: to layered design
https://app.siliwiz.com/



Built in IC: to layered design, class exercise:

Swarthmore E77 VLSI Design Labs

Ways to improve those designs?



Built in IC: to layered design, class exercise:
To make this in layered: O = (A·B+C)·D+E



CMOS design for large circuitry

1

2 3

Standard cell libraryFoundry
(TSMC, Intel, 

etc)
EDA

(Cadence & 
Synopsys, etc)

Chip design
(Apple, Qualcomm, 

etc)

https://www.righto.com/2024/06/montreal-mifare-ultralight-nfc.html

Standard cell logic form a 180 nm CMOS chip in the 90s

Logic, verification, and 
physical design for fab



CMOS design rules shown as a full-adder

Power supply

Ground

PMOS

NMOS

Gates

Mano, M. Morris. Digital logic and computer design. 1979



Design our own IC, yes we can!

IC spec Circuits design Physical design Test and sign off

• High level requirements
• Customer needs

The general process flow

• Logic circuits
• Memory circuits
• Netlist of every groupings

Hand draw mask layout, Fairchild 1960
https://www.computerhistory.org/revolut
ion/digital-logic/12/287

cadence



Design our own IC, yes we can!
https://tinytapeout.com/siliwiz/
https://app.siliwiz.com/

• PDK are design rules set by the foundry. With opensource 
support, it is technically possible to generate a design file 
(GDS) and get your IC chips fabricated. https://github.com/ncsu-eda/FreePDK3

Example of design rules from FreePDK3 by NCSU, 2021



Into the realm of digital design



The state of the art for CMOS:

GlobalFoundries (AMD) stopping R&D

TSMC leading

First FinFET fabrication by Hitachi

First FinFET chip by Intel
TSMC starting chip supply (SoC) to Apple

TSMC FinFET mass rollout

The “nm” race



The state of the art for CMOS:

16nm Fin Field Effect Transistor, TSMC

https://www.electronicdesign.com/

Nanosheet inverter, Intel reported in 2020

https://spectrum.ieee.org/

The “nm” race

Future? (<5nm)



FinFET
Gate

Fin stack

• The dimension of the fin is confined by 
the foundry (TSMC).

• The number of the fin can be adjusted 
to get different gate current.

• The fin stacks and gate can then be cut 
or connected.

PMOS

NMOS

DOI:10.1109/CICC.2018.8357060
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CMOS inverter layout example

(i.e. no doping here)

http://dx.doi.org/10.1109/CICC.2018.8357060


FinFET iteration

https://semiengineering.com/selective-removal-for-stronger-fins/

Intel 2012

Intel 2014
Intel 2017

Fin depopulation

https://www.eetimes.com/what-to-expect-at-5-nm-and-
beyond-and-what-that-means-for-eda/

Tall fin


