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In today’s class…
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1. Review
2. Schematic capture & translation to netlist
3. Further netlisting breakdown
4. Common SPICE errors & commands
5. How to save results and plot them in Python
6. Propagation delays
7. Corner cases
8. Homework assignment



Example netlist
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Let’s look at the AND gate again…

1

0

OUT
nOUT

npd

* AND pull-up network -- two pmos in parallel
Mp1 nOUT A VDD VDD mosp L=0.35u W=2u 
Mp2 nOUT B VDD VDD mosp L=0.35u W=2u

* Pull-down network -- two nmos in series
Mn1 nOUT A npd 0 mosn L=0.35u W=2u
Mn2 npd B 0 0 mosn L=0.35u W=2u

* Inverter, or a logical NOT
Mp3 AND nOUT VDD VDD mosp L=0.35u W=2u
Mn3 AND nOUT 0 0 mosn L=0.35u W=2u

* 1 V power supply
vsup VDD 0 1 



Schematic capture 
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Wires (typically there’s a dot at intersections)

Devices

Power/voltage references

Text = net labels (define label for a 
connected node)



Schematic/netlist elements
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Netlisting instance examples 
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Format
New library—closer-to-industry models



A simple simulation (NOT gate)
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A simple simulation (NOT gate)
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Step 1: Write your netlist file. Save as inverter.spice.

Other common SPICE analyses



Example .dc, .tran, and .ac analysis
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.tran ”curving” is an 
artifact of output 
capacitance!

IN

OUT



A simple simulation (NOT gate)

Fab Futures, 2026 33

Step 1: Write your netlist file. Save as inverter.spice.

These .meas statements give you propagation delays

Other common SPICE analyses



What are propagation delays?
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^^It takes time for inputs to “pass” to the outputs of each gate

Chains of logic exhibit delays serially (e.g., 
total delay = n*(AND delay)+y*(XOR delay)

(Called “propagation delay”)

for n AND gates and y XOR gates

Long wires + slow logic gates make overall compute speeds slower



Zooming in to a signal

Fab Futures, 2026 35

We also see that these transition edges are not sharp—they have some slanting

The amount of slant varies on the rising and falling edges, dependent on the transistor-level 
implementation (PMOS controls the rising edges, NMOS controls the falling edges)

^^these measure the 10%-90% difference in timing on each edge



A simple simulation (NOT gate)
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Step 1: Write your netlist file. Save as inverter.spice.

Step 2: Run the simulation.

(All at once)

(Run and keep ngspice waiting for new 
commands e.g., plot more signals)



A simple simulation (NOT gate)
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Step 1: Write your netlist file. Save as inverter.spice.

Step 2: Run the simulation.

(All at once)

(Run and keep ngspice waiting for new 
commands e.g., plot more signals)

Step 3: Understand the output.



Help! My simulation didn’t run! 
Common error messages & fixes
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Interactive commands 
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Things you can do when ngspice is in interactive mode (e.g., you’ll see this:   

)



Saving your results 
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Device library (comes with every Process Design Kit)
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<<Resistor that is close to transistors in layout



Manufacturing of these transistors introduces variation; 
affects timing 
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To account for this variable (and somewhat random) changes in timing (e.g., low-to-high and high-to-
low), we simulate over various process “corners” (worst cases)



To run your own corner simulations 
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Change your netlist:

Or, run multiple simulations (e.g., loop the simulation, changing the parameters as you iterate)—see markdown 
for this code



Expected behavior 
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In digital design, you don’t need all these details 
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You can abstract away the transistor-level implementation into a behavioral one:

The ”<+” operator is a “contribution operator”, which assigns an expression to an electrical parameter
(in this case, it assigns V/R to current, a common relationship in circuits)

This part says that the transistor is not just a 
wire “short” or ”open” but it has resistance 
(low resistance when “ON” and high 
resistance when “OFF”)

This part says that if the transistor is ON, use 
Ron for the calculation; if it is OFF, use Roff 



Homework for next time
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1. Reuse and.sp netlist, which has a 2-input AND gate to make a 2-input NAND gate (e.g., remove 
the output inverter) and change the models to refer to the PDK models

2. Simulate it in SPICE, verify truth table (it will look 
something like the right table), and measure 
propagation delays (low-to-high and high-to-low)

3. Write an initial analog block that you can use in your chip project (e.g., an adder, counter, etc.)

Here’s a good starting point: https://analoghub.ie/category/verilogModels/article/counter 

A B OUT

0 0 1

0 1 1

1 0 1

1 1 0

https://analoghub.ie/category/verilogModels/article/counter


Additional Resources
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• https://www.tinkercad.com – TinkerCAD, a free online app for breadboard simulation...without a breadboard!

• https://youtu.be/y5I76fLlupI?si=2fpVd0IcPH9cpvfJ – TinkerCAD breadboarding tutorial

• https://youtu.be/eLSoJn__gAc?si=4noB48_DYluNywS2 – A more in-depth circuits introduction

• http://instrumentacion.qi.fcen.uba.ar/libro/Scherz.pdf - “Practical Electronics for Inventors” by Paul Scherz

• https://www.analog.com/en/resources/design-tools-and-calculators/ltspice-simulator.html - LTSPICE, a free 

simulator with schematic capture built-in
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Questions?
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