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Conventional Circuit Schematic

▶ Good for layout stage, not much else

▶ Can’t deduce useful design 
insights/intuition from this schematic

▶ Why care about W/L?

▶ During design, we worry about gain, 
bandwidth, noise, etc.
▪ W/L tells us nothing about this unless we 

fire up a simulator 1mA

W/L = 57/0.18 

W/L = 120/0.18 
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A Better “API” for Design Using G
m

/I
D

▶ Can directly “see” important info
▪ Input pair in moderate inversion
▪ Linear input range ~V* = 2/15 V
▪ Mirror in strong inversion
▪ Pole-zero doublet at 5/10 GHz
▪ Noise overhead from mirror is about 50 %
▪ …

1mA

gm/ID= 15 S/A 
fT = 14 GHz

gm/ID= 7 S/A 
fT = 10 GHz
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Basic Sizing Approach using gm/ID ratio

▶ Straightforward for “hello world” sizing examples (desired g
m

 is known a priori)

▶ Need an optimization methodology for real-world problems

  
 Device width

  
Numerical data from 

a one-time Spice 
sweep
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Lookup Table Generation Using Open-Source Tools

All files available at
https://github.com/bmurmann/Chipathon2024 

 

 

 
 

🡪 4-D data table

https://github.com/bmurmann/Chipathon2024


6

Data Stored as mat File and Accessed Using pygmid 

pygmid repo: https://github.com/dreoilin/pygmid 

Matlab version: https://github.com/bmurmann/Book-on-gm-ID-design/tree/main/starter_kit 

https://github.com/dreoilin/pygmid
https://github.com/bmurmann/Book-on-gm-ID-design/tree/main/starter_kit
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Simple Sizing Example

▶ Size the differential pair to achieve g
m

= 10 mS

▶ Use minimum channel length (L = 0.15 μm)

▶ Consider g
m

/I
D
 = 6 S/A and 20 S/A as two options 

(strong and moderate inversion) 

▶ Compute W and I
D
 (= I

bias
/2)

▶ Estimate C
gg

 (total gate capacitance) and f
T
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Solution for Option 1 – Graphical Illustration

8

 

 

“Current Density Chart”
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Same general 
flow applies to 
more complex 

examples!

option 1: large current, small device, high fT
option 2: small current, large device, low fT 

🡪 more about this in a minute…
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Note fingered implementation (nf)

Close to design target of 10 mS
Close to estimate of 101 fF 

▶ Error sources
▪ Width of device fingers is not equal to width used for lookup table
▪ Sizing did not consider exact values of V

DS
, V

SB
 (can include)

▪ Lookup interpolation error

Typically add up to <10% error
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Real-World Example
▶ “I’m gonna need you to design a buffer amplifier…”

▪ Noise is the key specification; we need to be below 50 μV
rms

 of total 
integrated output noise

▪ Finite gain errors are not too important but try to maintain a loop 
gain of at least 30 in your circuit. Input is around 0.9 V.

▪ That buffer should never ring, so maintain a phase margin of 80 
degrees so that we can don’t have to worry about this

▪ Squeeze out the maximum bandwidth you can get with your circuit  
(given the PM constraint); we have plenty of power available
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Phases of a Typical Design Flow

▶ Pick topology candidates (search 
space is huge)

▶ Develop complete list of specs, 
bounds and design choices that must 
be obeyed (topology dependent)

▶ Assess feasibility and “try” the most 
promising design(s) to fully 
understand the design problem

Inception Elaboration Sign-Off
Info from 
previous 

slide

Final circuit 
and layout

▶ Determine “near-optimum 
sizing” for the chosen design(s)

▶ Often work with nominal specs 
and conditions, but may want 
to consider the perceived 
“worst case” in parallel (you 
won’t really know until sign-off)

▶ Check for all required 
specs & corner conditions, 
ultimately post-layout

▶ Must typically revisit 
elaboration phase (or 
inception phase!) 
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Cutting Corners with “AI”?

▶ Who/what produced topology, specs, bounds and how long did it take?

▶ Most automation tools speed up elaboration phase only (if anything)

A. F. Budak et al., "DNN-Opt: An RL Inspired Optimization for Analog Circuit Sizing using Deep Neural Networks," DAC 2021
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Overview of My Design Flow

https://github.com/mole99/ota-5t 

Existing design
(promising, but 

not sized to spec)

Forward problem (analysis) Inverse problem (design)

SPICE

Analytical 
model

Sizing 
script

Target specs
Design choices Circuit sized for specs

Σ

- SPICE

“Baselining”
(part of inception phase)

Sizing for given Specifications
(transition to elaboration phase)

(may have sophisticated wrappers/sweeps)

“calibration”

https://github.com/mole99/ota-5t
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Baseline Design (ota-5t-buf.sch)
▶ https://github.com/mole99/ota-5t 

▶ Changed nfets to LVT

▶ Parameterized L, W, nf

▶ Pulled in load cap and bias current 
to make them part of the “DUT”  

▶ Kept original sizing

.param ib = 1.00e-05

.param cl = 1.00e-12

.param w0 = 2.00

.param l0 = 1.00

.param nf0 = 2.00

.param w1 = 20.00

.param l1 = 0.50

.param nf1 = 4.00

.param w2 = 2.00

.param l2 = 1.00

.param nf2 = 2.00

M0

M2

M1

https://github.com/mole99/ota-5t
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Testbench for Baseline Design (ota-5t-buf_tb.sch)

https://github.com/bmurmann/Chipathon2024/tree/main/ota-5t-buf/xschem 

Open-loop AC analysis
� DC open loop gain (A0)
� Unity gain frequency (UGF)
� Phase margin (PM)

Closed-loop noise analysis
🡪 Total integrated noise (NOI)

https://github.com/bmurmann/Chipathon2024/tree/main/ota-5t/xschem
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Baseline Simulation Results

▶ Specs are not met, but can we analytically predict the performance? 
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Baselining Notebook (baseline_ota-5t.ipynb): OP Parameters

Ngspice:
(92.36u, 112.4u, 34.68)

???

(Memo to self: Would be nice to have a lookup function that also lets you vectorize n/p (no “if/else”)
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Comparison of Intrinsic Gain: nfet_01v8_lvt and pfet_01v8

▶ Bottom line: I don’t trust the pfet_01v8 models for g
m

/g
ds

 (has implications for sizing script)

Unrealistic 
numbers
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Baselining Notebook (baseline_ota-5t.ipynb): AC Parameters

▶ Some learnings from baselining effort

▪ RHP zero insignificant for PM, neglect in sizing script (and perhaps also LHP zero, which gives ~half the phase of pole)

▪ Device caps do not matter much for total integrated noise (due to large required load cap); neglect in sizing script

▪ …

Ngspice:
50.208
17.141
87.41
114.15

Phase breakdown 
for PM calculation
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Going From Forward to Inverse Problem

▶ Forward baselining is typically doable
▪ Thousands of textbook pages available
▪ Mapping from W, L, … ==> A0, UGF, …

▶ Going the inverse route using equations is usually more difficult
▪ And may not always be impossible
▪ Mapping from A0, UGF ==> W, L, …

▶ Some options
▪ Knowledge-based design: Insist on “untangling” and inverting the equations as much as possible

▪ Jespers & Murmann, 2017

▪ Forward evaluation: Don’t invert and map out the tradeoff space numerically
▪ Youssef et al., IEEE Access, 2020
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Forward Evaluation 

▶ Forward-sweep through design space and look for pareto fronts

▶ No simulator (just table look-up) in the loop ==> Fast

▶ Additionally learn something about the design from setting up the equations and 
calibrating against SPICE!

[Youssef et al., IEEE Access, 2020]
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Knowledge-Based Design for Our Example

▶ Pick channel lengths to satisfy open-loop gain spec
▪ This sets the non-dominant pole of the amplifier (and the excess thermal noise factors γ)

▶ Calculate load capacitance based on noise specification
▪ Determines how much g

m
 we need for a certain UGF

▶ Compute maximum possible UGF based on nondominant pole and PM spec
▪ Can now directly compute g

m

▶  What sets the g
m

/I
D
 choices in this design? 

▪ Nothing! We weren’t given any relevant constraints
▪ This goes in the category of “design choices”

▪ Pick (g
m

/I
D
)

1
 = 20 S/A ==> Power efficient, at the cost of large gate capacitance

▪ Pick (g
m

/I
D
)

2 
= 10 S/A ==> Lower noise from mirror, higher non-dominant pole (and models are broken for higher values!)

▪ What will an “AI” algorithm do with such “free” variables?
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Sizing Notebook (sizing_ota-5t.ipynb)
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Sizing Notebook (sizing_ota-5t.ipynb)
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Sizing Notebook (sizing_ota-5t-buf.ipynb)
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Simulation Results for Sized Circuit

▶ AO, PM, NOI spec met with some margin (as expected)
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Phases of a Typical Design Flow

▶ Pick topology candidates (search 
space is huge)

▶ Develop complete list of specs, 
bounds and design choices that must 
be obeyed (topology dependent)

▶ Assess feasibility and “try” the most 
promising design(s) to fully 
understand the design problem

Inception Elaboration Sign-Off
Info from 
previous 

slide

Final circuit 
and layout

▶ Determine “near-optimum 
sizing” for the chosen design(s)

▶ Often work with nominal specs 
and conditions, but may want 
to consider the perceived 
“worst case” in parallel (you 
won’t really know until sign-off)

▶ Check for all required 
specs & corner conditions, 
ultimately post-layout

▶ Must typically revisit 
elaboration phase (or 
inception phase!) 

(  )
Elaboration may not be complete, 
but not a bad idea to start looking 

at PVT sensitivity…
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https://github.com/efabless/cace
https://cace.readthedocs.io/en/latest/index.html

Maintained by Leo Moser, Tim Edwards et al.  

https://github.com/efabless/cace
https://cace.readthedocs.io/en/latest/index.html
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CACE YAML file
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“Templates” for CACE AC and NOISE Simulations 
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Summary after 3 x 3 x 3 = 27 simulations

▶ Noise spec not met in some corner(s) 🡪 Can look at detailed CACE report
▶ Can then tweak sizing script for more margin (or change sizing script to worst corner)
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CACE Datasheet Output
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Noise Across All Sweeps
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