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@ Integrating Ngspice to Modelica converter in OM
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What is Oscad?

@ Open Source Electronic Design Automation (EDA)
tool

@ Developed at IIT Bombay

e Capable of circuit design, simulation, analysis
(explanation feature) and PCB layout design

@ Runs on Linux, Windows, Aakash

@ About half a million students need such a tool every
year in India

@ India is also a centre for circuit designs
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Schematics: Oscad on Aakash
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PCB layout: Oscad on Aakash
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Method to use: Oscad on Aakash




Released Oscad Book as Open Source

Oscad

An open scurce EDA teol for circuit design,
simalation, analysis and PCB design
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Oscad: Electronic Design Automation

Built by putting together
@ KiCAD for schematics
Ngspice for simulation
Fritzing for bread boarding
Scilab to see mathematical equations

°
°
°
@ GHDL for digital simulation
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Explanation Facility

@ Wanted to extract mathematical equations

@ Can explain (oscillations, correctness, etc.) using
them

@ Previous method: manual generation
@ Needed to maintain the interface to solvers

@ Needed different interfaces for different types of
problems

@ Developed an OpenModelica interface
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Design Flow in Oscad v2.0
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Create circuit schematic — Ngspice netlist — use OM
tools for optimisation and circuit equations
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Integrating OpenModelica and Oscad

@ Convert Ngspice netlist to Modelica code

@ IATEX interface to display equations in standard
mathematical notations

© Open OMOptim for circuit design optimisation
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Ngspice to Modelica Conversion

@ OM requires circuit description in Modelica language
@ Oscad provides circuit description as Ngspice netlist

@ Netlist converters available in Dymola, do not work in
oM

@ A tool for Ngspice to Modelica conversion developed
for OM

@ Takes care of Spice device parameters, can handle
subcircuits

@ Opens the converted Modelica code in OMEdit
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Comparison of Ngspice and Modelica for

Bridge Rectifier with Filter

Ngspice Simulation OM Simulation
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BTEX Interface for Equation Generator
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BTEX Interface for Equation Generator

© Ngspice code converter generates Modelica code
@ OMC generates equations from Modelica code
© Parser extracts the equations and writes to a text file
Q@ Python code converts text to IATEX
© Compile BTEX code to produce pdf
Shell script to perform all the above steps.

Let us see the output of some of these steps using a
voltage divider circuit
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Equation Generator Example:
Circuit and Ngspice Netlist

- r220 100
| r121100
vli105
| .dc vl 0e-00 5e-00
- 1e-00
- * Control State-
- ments
- .control
~run

.endc

- .end =

. PWR_FLAG
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OpenModelica Description

model max power_transfer
Modelica.Electrical.Analog.Basic.Ground
groundl;
Modelica.Electrical.Analog.Basic.Resistor R1(R
= 100);
Modelica.Electrical.Analog.Basic.Resistor R2(R
= 100);
Modelica.Electrical.Analog.Sources.ConstantVolta
VDC(V = 5);

equation

connect(VDC.n, groundl.p);

connect(R2.n, groundl.p);

connect(Rl.n, R2.p);

connect (VDC.p, Rl.p);

end max_power_transfer;
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Output of Parser

Equations (9, 9)

1/1 (1): R2.LossPower = (-R2.v) * VDC.1i

2/2 (1): R2.v = (-R2.R_actual) * VDC.i

3/3 (1): Rl.v = VDC.V - R2.v

4/4 (1): Rl.LossPower = (-R1.v) * VDC.1i

5/5 (1): Rl1.v = (-R1.R_actual) * VDC.i

6/6 (1): R2.R_actual = R2.R * (1.0 + R2.alpha *
7/7 (1): R1.R_actual = R1.R * (1.0 + Rl.alpha *

8/8 (1): R1.T = R1.T_ref

9/9 (1): R2.T = R2.T_ref
=

State Sets
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ATEX Code

\begin{align}

R2.
R2.
R1.
R1.
R1.
R2.

R1

R1.
R2.

LossPower &= (—R2.v) \times VDC.i\\

v &= (—R2.R\_act) \times VDC.i\\

v &= VDC.V — R2.v\\

LossPower &= (—R1.v) \times VDC.i\\

v &= (—R1.R\_act) \times VDC.i\\

R\_-act &= R2.R \times (1.0 + R2.\alpha \
times (R2.T — R2.T\_ref))\\

.R\_act &= R1.R \times (1.0 + R1.\alpha \

times (R1.T — R1.T\_ref))\\
T &= R1.T\_ref\\
T &= R2.T\ _ref\\

\end{align}
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Equations Generated

R2.LossPower = (—R2.v) x VDC.i
R2.v = (—R2.R_act) x VDC.i
Rl.v=VDC.V — R2.v
R1.LossPower = (—R1.v) x VDC.i
Rl.v = (—R1.R_act) x VDC.i
R2.R_act = R2.R x (1.0 + R2.ac x (R2.T — R2.T _ref))
R1.R_act = R1.R x (1.0 + Rl.ao x (R1.T — R1.T _ref))
R1.T = R1.T _ref
R2. T = R2.T _ref
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Circuit design optimisation examples
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Circuit design optimisation examples

@ Inverter chain delay minimisation
@ Low noise amplifier design
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Min. prop. delay in CMOS inv. chain

PHRFLAG

o (0 ) o
U4, R OTE_1 N\—J
=4
[y

U1B, LOTE_1
+

o

L pe et W2 m| v HE v i e | vn
’ il ﬁ;{j’ L. Lol Ll
| v | | van v
= INVERTER_SCKT INVERTHR_SCKT INVERTHR_SCET INVERTHR_SCET ol
vl 74 p—
PHLFLAG
B.55424
ey E|_!—|_ T P

[ |a
- v
e 0.5um CMQS, Input frequency 500MHz
@ In each inverter, NMQOS, width W, = w;,, x A, i‘g@%&;—
PMOS, W, =3W,, A =0.25um
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Parameter optimisation

e Find widths w;,,2, Win,3, Wjnva such that propagation
delay is minimum

@ Delay min. when width of every inverter in the chain
approx. 4 times that of previous one

Algo. | Delay (s) | w_inv2, w_inv3, w_inv4 | Time (m)
PSO 2.73e-10 | 34.95, 119.21, 463.40 15:47

NSGA2 | 2.71e-10 | 36.87, 137.84, 508.16 15:40

SPEA2 | 2.86e-10 | 33.44, 149.63, 345.18 17:23

e Widths multiplied by about 3.6 (on an average) in
subsequent stages @
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Parameter optimisation

@ Above problem converted to 1 parameter
optimisation problem

@ Defined VVinv2 = h x VVinvl; VVinv3 = h? x VVinvl so on
@ h optimised for minimum delay

Algorithm | Delay (s) h Comp. Time (min.)
PSO 2.69e-10 | 3.9896 15:13
NSGA2 2.69e-10 | 3.9942 16:10
SPEA2 2.69e-10 | 4.0020 15:08

@ The results clearly show that the delay is minimum
when the stage effort is around 4
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Parameter optimisation results
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Clearly shows delay converges to a minimum when stag
effort is 4.
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Low Noise Amplifier Design for Maximum

Gain and Minimum Power

@ LNA circuit optimised for max gain, min power
consumption, with sufficient linearity

@ Designed for min Noise Factor

@ Resonant frequency wy ~ 10051

@ Input impedance, Rs = 5012

e Cascode Common Source (CS) LNA with inductive
degeneration used

°

0.5um CMOS technology
=
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LNA Optimisation Problem

1 O 2
vy
é] Max. Gain, Min. Power,
y: subject to
| ) Vgsy > Vi
R . Mﬁ L4 Vds, > Vdsat
woe 1..4295-—012 o Vg52 > Vth
_j Tt %j% Vds, > Vdsat
1R | iR Ids > 0.0015A
e 0.98wp < foue < 1.02ug
! | 4

Vgs;, Vds;: Voltages of gate-source, MOS Mn;'s drain-source

Vin: Threshold voltage, Ids: Drain-source current
Rakhi R, Kannan Moudgalya OpenModelica and Oscad 28/33



Optimisation Results

@ Performed multi objective optimisation using PSO

algorithm

e Output freq: 9.96 x 10'% rad/s, within limits

Parameter | Value
L2 7.136nH
C2 1.396pF
Whbias 236\
WM2, M3 2360\
R2 0.383k2
R3 2.63k2
NF 2.08
power 10.63mW
gain 9.3
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Integrating Ngspice to Modelica Converter
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Integrating Ngspice to Modelica Converter

@ API ngspicetoModelica() added to omc
@ Tool “Import Ngspice Netlist” added in OMEdit
@ Generates Modelica code and opens in OMEdit

o4 OMEdit - OpenModelica Connection Editor

File Edit View Simulaion FMI Export

Help
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*EHMHE Y L0 E Q@@ omcLogger EO9+5  B- X@bH
Liraries Bromser 8% @ Eporto OMNotebook
Libraries VB Import from OMNotehook  Pica TextVew | G/GSCADIO. ciierma | Lnes 1, 6o | fn
@ Complex m
= ) osdicn @ Import ngspice netlist er o
lectrical.*;
# @ ModelicaReference R Options nevoltage vl(cffset = 0, V =
5 () ModelicaServices T, fregHz = 50, startTime = 0, phase = 0);:
& [B] openmodeics Analog.Basic.Resistor rl(R = 1000);
U] brdgehecier Analog.Semiconductors.Diode d3(Ids =
7.02767e-08, vVt = 0.04520075, R = 1el2);
Analog.Semiconductors.Diode dd (Ids =
7.02767e-08, Vvt = 0.04520075, R = 1e12);
Analog.Semiconductors.Diode d2(Ids =
7.02767e-0%, vt = 0.04520075, R = 1lel2); F
Analog.Semiconductors.Diode dl(Ids =
7.02767e-09, vt = 0.04520075, R = 1lel2);
Analog.Basic.Ground g;
protected
Modelica.Electrical.Analog.Interfaces.Pin n3,
nl, n4, no;
equation
connect (vl.p, n3);
connect (vl.n, nl);
connect (rl.p, n4);:
connect (rl.n, n0);:
connect (d3.p, n0):
connect (d3.n, n3):
connect (d4.p, n0):
Arest (84w nl): Z
Converts ngspice netlist(s) to Modelica code. Welome Modeing | &8 Plottng
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Conclusions

Explanation feature in Oscad enhanced using OM
tools

Feature helps user gain more insights into the circuit
Design optimisation facility helps design efficient
circuits in a short time

Implemented IATEX interface to equation generator in
oM

A generic Ngspice netlist to Modelica code converter
added in OM suite

Helps obtain Modelica code from Ngspice netlists,
without creating schematic in Oscad

Several optimisation problems illustrated using
enhanced explanation feature in Oscad 2.0
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