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ngspice —whatis it ?

Circuit simulator that numerically solves equations describing (electronic) circuits
made of passive and active devices for (time varying) currents and voltages.

Open source successor of venerable spice3f5 from Berkeley

CMOS inverter 7 trank: cmos inverter =B =

UDD ‘ -include ./bsim4soi/nmos4p0.mod
-include ./bsim4soi/pmos4p0.mod
- .option TEMP=27C
> Vpower VD 0 1.5
Eingang Ausgang vgnd VS 0 0
O Vgate Ein VS PULSE(O 1.5 100p 50p 50p 200p 500p)
: MNO Aus Ein VS VS N1 W=10u L=0.18u
— MPO Aus Ein VD VS P1 W=20u L=0.18u
GND -tran 3p 600ps
-control
run
plot Ein Aus
.endc

-END

the circuit the input the output



KiCad/ngspice Interface
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What's new Iin ngspice?

« Current release ngspice-44.2 from Jan. 11, 2025

o Support for Verilog-A compact device models and analog
building blocks

e Co-simulation ngspice mixed-signal — Verilog digital
(using Verilator, or Icarus Verilog)

o Co-simulation ngspice mixed-signal — VHDL digital
(using GHDL) *

e Co-simulation ngspice mixed-signal — C-coded digital
« Degradation simulation (stress, radiation)

https://sourceforge.net/projects/ngspice/files/ng-spice-rework/44.2/ https://ngspice.sourceforge.io/
* https://sourceforge.net/p/ngspice/ngspice/ci/pre-master-45/tree/ (development branch)



https://sourceforge.net/projects/ngspice/files/ng-spice-rework/42/
https://ngspice.sourceforge.io/
https://sourceforge.net/p/ngspice/ngspice/ci/pre-master-45/tree/

ngspice and Verilog-A co-simulation

// importing libs

INEVGS “BRESCLOlHe. b Compile with OpenVAF Model in shared library
module diff amp|
outpt trical out, —
input rical inl, .subckt diff_ampmcell OUT IN1 IN2
SRR QIRERTLERY 0L N1 out inl in2 diff amp model
parameter real gain = -413 ting gain to 40 of the differential amplifier .EndS diff_amp“CEll

parameter real vc ing Trom cCc tTo +vCC
parameter real UTT set = L\?’dﬂ”id offse

.model diff amp model diff amp
analog begin - i i
V(out) <+ offset / 2 + vcc / 2 * tanh({ gain / vcc * 2 * V{inl, in2)); Call to model in the ngspice netlist

end
endmodule

Verilog-A model of a simple differential amplifier

Ngspice and Verilog-A cosimulation with Xschem
Author Stefan Schippers

https://www.youtube.com/watch?v=g9WPjZ_e8co



ngspice and Verilog-A

create a diff_amp.va file with following code
and compile it Into a .osdl flle with openvaf

* OP annotate
* load waves




ngspice and Verilog/VHDL mixed-signal co-simulation

ngspice analog and Digital > DAC
Verilator/Iverilog/ Simulator :
GHDL event based [ »| DAC
co-simulation

Analog
Simulator

Y Yy

(but also e
Ngspice analog and :
internal XSPICE «—] Anc
event based

co-simulation)

il i

Event & Time Step Control




ngspice and Verilog mixed-signal co-simulation

3
=
o
"
bld:0] - . . P . | dul
e i ™ - | AN nunrI Jeer , T Ana Og_ mo L!e'
Z z Z NP AL S L T el R L M DAC with weighted current
L ol b i o . .
| T f S i ' 1 * mirrors and switches
—— = | ] . i | | ] [ ]
l I I l l - — L L @ —i . -
y v Mo O ey g TR N - I T N
| ] ] * [ ] [ ] ] ] - [ ] E @ n - . [ ] [ I [ . [ ] [ I
% ¥ | %] + % & v e .
VESBL e - . PR, P! PR, - PR, —a .
L. Jmodule dig(
Digital module: input wire clk,
L — input wire reset,
[~ Counter output logic [4:0] b
0.025 J_‘ j i ) 7
r
— R . logi t = 0;
! Compile with o9%e -
| r._ i Veri|at0r ] alwziﬁ?::ei@:)(posedge clk) begin
h Fa Link to ngspice it
n.o10 ,—,_‘ rst <=
= i end
iy DAC output: _
= - ] always_ff @ (posedge clk) begin
=4 Summed-up if (t)
NI = I _ <=
current else
o o v g o o . b<=b +

end // dig
Author: Carsten Wulff endmodule 10



ngspice and Verilog mixed-signal co-simulation

Mixed Signal Simulation in Ngspice
Author: Carsten Wulff
https://www.youtube.com/watch?v=vEZPClInwmQ&t=1689s

https://analogicus.com/aic2025/2024/12/06/Mixed-Signal-Simulation-in-NGSPICE.html
Tutorial at http://analogicus.com/jnw_sv_sky130a/

Repository at https://github.com/wulffern/jnw_sv_sky130a
Assumes knowledge of https://analogicus.com/aic2025/2025/01/01/Sky130nm-tutorial.html

Interface to ngspice: d_cosim code model: Giles Atkinson


https://analogicus.com/aic2025/2025/01/01/Sky130nm-tutorial.html

ngspice and C code mixed-signal co-simulation

uz

M5P430G2553IN20

48Y buck canverter e 5 -
by Stephen Heodgsen 3.3
y ’ g t "B model="v={i{v1)/ 4% +1.25}" . TESTE § 16
ypE= madel="y={i{y +1. & mET
2 TAOCLE /ACLK /CAQ /A0 /P1.0 RST/NMI/SBWTDIC
Vprap=50 and ¥int=10 for 470uF cap {DC anly} B1 e% UCAORXD,/UCAOSOMI/TAD.0,/CAL /AL /P11 P2.0,/TAL.0 e~ LU
R3 BSOURCE R ] UCADTEDAUCADSIMOTAD. 1/ CAZ /02 /P12 F2.1/7a1.1 fu—_
PWR_FLAG 0.001 iR 5 CAQUT/VREF—/VeREF - /CA3 /A3 /P1.3 P2.2/TA1.1 11"
= ) VI ] TCK/SHOLKAUCBOSTE AUCADCLE /VREF+/VeREF+ /LAY /AL /PL.4 P2.3/TAL1.0 12"
[ } n type="B" model="y=v{/in)"4.3/103.3" [ } +' m THM5/UCBOCLE  UCADSTE/TAD.O/CAS /AT /F1.5 P2.4/TAL.2 EEN
HY_LU ps NP B2 sl e =12 TDI/TCLK/UCBOSOMI/UCBOSCL/TAD.L/CAG/A6/PL.6 P2.5/TAL2[ o
, —_— BSOURCE In 24 Tp0,/TDI/UCROSIMO /UCROSDA /CADUT /CAT /A7 /P17 PLESINATADL ==
in BSOURCE 18
w P27 /R0UT
[ | | oW
55 =
G}g\ SWITCH GND =T
7 GND I
T Wi GHD type="B" model="v=\{/ Vout)*4.3,/103.3"
L1 9
200u GND
TN V2 HY_LEFT.B 4 Vout
C) 26 ‘\.L} aptions chgtol=1e-11 abstel=10u rshunt=10e& DC dC converter
= il Cj:l' R1 .cantral
g1 520u 25 *first time you run this it will probably be in your home direciory.
ey 3\ SWITCH getcwd
3 a “rd to folder where all the files are
PWR FLAG E oy R2 cd -/Electronics/mixed_mode_sim Based an httpe:/  www isatel eu /mixedsimembedded /matorforce Aindex.himl
- Hy LU 0.0l e (WO models fram git clone https:/ /github.cam/lsotel/mixedsim.git
: pre_destroy all
? getcwd
e .endc
v
oND GND GND

Author: Stephen, @slh

https://forum.kicad.info/t/easier-mixed-mode-simulation-and-real-world-comparison/56530

https://forum.kicad.info/t/mixed-mode-simulation-including-c-code-and-verilog /49752

Interface to ngspice: d_process code model: Uros Platise, Brian Taylor 12


https://forum.kicad.info/t/easier-mixed-mode-simulation-and-real-world-comparison/56530
https://forum.kicad.info/t/mixed-mode-simulation-including-c-code-and-verilog/49752

ngspice and C code mixed-signal co-simulation

DC-DC-converter Simulation Measurement

13



Simulation of a CMOS Circuit after Hot Carrier Degradation

Green: before voltage stress
Red: after voltage stress

e [mS]

drain current [mA]

forward transconductanc

1.0 5 2.0 0.0 0.2 0.4 06 0.8 149
drain voltage [V] gate voltage [V]

Hot Carrier Degradation of a MOS transistor

Ring Oscillator

0.0

90.0 1.50 155 1.60 165 ] 1.75 1.80 185 1.90 195
frequency GHz



XSPICE In ngspice

Conceived by Georgia Tech in 1990/91 as an extension of
Spice3f.

Fully integrated into ngspice since its beginning.

Enables co-simulation of analog blocks and digital event
based blocks.

More than 60 blocks (named ‘code models’) are provided
with the ngspice distribution.

Digital simulation is fast, but lacks waveform details.

User may create his/her own code models (C code with
predefined macros).



ngspice/XSPICE Top-Level Diagram

C e E
| |
| | . . .
i XSPICE i source distribution
: code model simulator sources :
| |
l Sources for: XSPICE extensions :
| predefined code models |
| user defined modul for loading |
I code models code models I
| |
| |
| |
| T T |
o L o o L
1 1
1 1
! I 'make’
1 1
1 1
1 1
k4 Y
code model ngspice executable

shared libraries

L J

analog, digital,
spiceZpoly, load by |
xtradev, xtraevt, codemodel ...
n.n. (user defined)




Why XSPICE/ngspice support in KiCad?

Task: create and simulate electronic systems.

Use KiCad/Eeschema/ngspice simulation capability.
Facilitate the use of the code models.

Schematic entry at block level.

Building blocks for system evaluation, not linked to PCB
design.

May be combined with the Verilog-A and HDL digital
approaches described before.
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A_SiGain
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uz27
A_Int
gain=1 out_ic=0

uzs
H_VC_0SC
fi=1e3 f2=4e3 dc=0.5

1

== cntl_in+
5 out =
=~ cntl_in—

uz8
H_AD

o—in+
ADdo ==
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https://forum.kicad.info/t/simulation-with-xspice-code-models/56384

U1
A_DiftGain
gain=5

U3
A_Schmitt

us
A_SumGain
gain=1

Uuze
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B out
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U29
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e in DA

hiF—=o
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https://forum.kicad.info/t/simulation-with-xspice-code-models/56384

How to install the code models in KiCad?

 Download XSPICE-symbols-models-4.7z from
https://forum.kicad.info/t/simulation-with-xspice-code-
models/56384/3 .

« Expand and save both files into the KiCad symbol directory
(C:\Program Files\KiCad\8.0\share\kicad\symbols on MS
Windows). Simulation XSPICE.kicad_sym contains the
symbols, Simulation XSPICE.sp the associated ngspice
models.

« Add the symbols to the list of available symbols via the
KiCad Symbol Editor.

19


https://forum.kicad.info/t/simulation-with-xspice-code-models/56384/3

Example: Amplitude Modulation

Al
inl 1
V2 ‘ < B out
VSIN in2 2
dc=0 ampl=1 f=100k AR R1
i
~. V1
GND (’\) VSIN N
T dc=0.6 ampl=0.4 f=1k GND
.tran 1u 10m
N

GND




u1

2.5 kW class D audio amplifier

AudioDriverl

Ain 7 A A

HQ+
HQ -
LO+
La-

2.5 kW Class-D Audia amplifier

Ho+

D2
le1

B+

qlg

Vs

~J

RS
10

1

-
S{ TTlD

} Q1
NMOS

| S |

220p

RlO

Feedback nat

R14 yet tested

100k

16u

Fb2

(=0 [ B By (W]

Analag input

Pulse Width Modulator
Camplementary push—pull clack
Dead time ta avoid shoaot—through current
High side valtage shift

freq=317k dtime=50n voutp=12 vautn=0

Lo+

D5

q2g

R3
10

-
S{IFTID

} Q2
NMOS

220p

R6
10

1o

680n

4.l+n

R1i1
1k

Riz
10

)
100n

1=

()
=
=

R13 D3

10k D
A

.options chgtol=1e-11 ahstol=1u

.probe p(R15)
.cantrol

set controlswait
rusage time
.endc

Ain

IN

—. V5
dc=0 ampl=1.9 f=1k ac=1

out

R15

GND

21



Example: Audio Driver

* Class D audio amp frontend (to drive a power MOS half bridge)
* analog input

* pwm clock generator

* digital one-shot . . . .
* non-overlapping clock Started with netIISt, difficult to read after some time

* two floating half-bridge drivers

Much better to read, create netlist by exporting
* Calling the subcircuit
* Xpwm ain lo+ lo- hi+ hi- DAudioDriver freq = 500k dtime = 100n voutp = 1.4 voutn =0 U 1

.param dtime=100n freq=317k olo=0 ohi=12

.subckt DAudioDriver ain lo+ lo- hi+ hi- params: freq = 317k dtime = 50n voutp = 12 voutn =0 H_VC_PW M
apwml ain dfastl pwm_osc

Uz
.model pwm_osc d_pwm(cntl_array = [-2 -1.99 1.99 2] d C 1 = O . O 1 d C2 = O . 9 9 fre q = {f re q } D |
+dc_array =[0.10.10.90.9] —in
+ frequency = {freq} init_phase = 90.0 1

ain cntl_in+

a6 dfastl _d1invl

.model invl d_inverter(rise_delay = 0.3e-9 fall_delay = 0.3e-9 0 Ut

+input_load = 0.5e-12) 2 "
cntl_in—

v ub

D_AND ue

H_DA driver hiside

. PG
in DA
lo3

* equalize d1 and _d1
abuf2 dfastl d1 buff2 foS Et u lSE.' Width U5
.model buff2 d_buffer(rise_delay = 0.3e-9 fall_delay = 0.3e-9 p . D B Uﬂ:e r U 7

+input_load = 0.5¢-12) modulation - usg

%% one-shot *** D_AND H_DA driver lowside

hi—

;bbul;flfzrfastl d2 buffl p Ll 1 2 1 3 1 h I 2 m
U3 2

D_Buffer
rd={dtime} fd={dtime}

.model buffl d_buffer(rise_delay = {dtime} fall_delay = {dtime}
+input_load = 0.5e-12)

* one-shot 1->0 output

a9 [dfastl d2] dos xnor3

.model xnor3 d_xnor(rise_delay = 0.2e-9 fall_delay = 0.2e-9

+ input_load = 0.5e-12)

dokk

| lo lo—

Uk
D_XNOR2 0s

* outputs: inverted, non-overlapping G N D
aand1 [d1 dos] doutl andl

aand2 [_d1 dos] dout2 and1

.model and1 d_and(rise_delay = 0.4e-9 fall_delay = 0.4e-9

+input_load = 0.5e-12)

* analog out, differential deadtime
abridgel [dout1] [%vd(lo+ lo-)] dacl

abridge2 [dout2] [%vd(hi+ hi-)] dacl * measure simulation time:
.model dacl dac_bridge(out_low = {voutn} out_high = {voutp} out_undef =0 con -t ro l

+input_load = 5.0e-12 t_rise = 20e-9 .
+1_fall = 20e-9) set controlswait

. rusage time
test

* do we have overlap? .endc
* aandtest [doutl dout2] dtest and1

VSIN
dc=0 ampl=0.4 f=1k ac=1

"external” circuit

.ends



Voltage (V)

Example: Audio Driver

Simulation of the half bridge power transistor driver over one input period

Current (A)

Output
max, mid, and min
of sine input

23



Example: Lorenz Attractor

.control
set controlswait

set nolegend
gnuplot D\gnuplot Z vs X title ‘Lorenz Attractor’ xlabel ‘X’ ylabel ‘Z°

dx nt n’c2 @

—=10(y — x ?

dt (y ) 100k

dy = 28X -y — XZ

dt Int >-2

dz 8z s |
— xy _ 100k

dt 3

Multiplier2

A3
L] Int t2 {Z>
n
Subtract IC=-1 R3
Author: cblas lolel
https://forum.kicad.info/t/x—y—plot—lorenz—attractor—using—a—models /56382 A=5|23.il?]66
1
G

A6

24



Example: Lorenz Attractor

E Gnuplot window 0

|| ~CH e e /u

Lorenz Attractor

Independently developed by cblas,
using his own symbols with the
ngspice code models

An analog computer, solving three
dependend differential equations,

simulated on a digital machine.

Uses gnuplot for the X-Z plot

~13 =10 D 0 5 10 15

¥ = 24407 y = 49,8188 ]
25



What’s next in ngspice?

Some ideas, some more or less fixed plans, some actual activities:

Improve RF capability by adding Harmonic Balance ongoing

Support for reliability and degradation simulation ongoing

Simulation of transient noise

Improve usability of KiCad/ngspice graphics interface ongoing

Support for ngspice mixed signal building blocks in Eeschema ongoing
Enhance compatibility with LTSPICE models (A devices?)

Test and improve the Verilog/VHDL/C interfaces

Use Al for faster model building and simulation

Current development branch at git: https://sourceforge.net/p/ngspice/ngspice/ci/pre-master-45/tree/



https://sourceforge.net/p/ngspice/ngspice/ci/pre-master-43/tree/

Support

Ngspice discussion forums https://sourceforge.net/p/ngspice/discussion/

Ngspice Manual https://ngspice.sourceforge.io/docs.html

KiCad-Info forum https://forum.kicad.info/

KiCad Manual (V8) https://docs.kicad.org/8.0/en/eeschema/eeschema.html#tsimulator

Tutorials https://ngspice.sourceforge.io/tutorials.html

Models, model parameters https://ngspice.sourceforge.io/modelparams.html

Simulation examples
https://sourceforge.net/p/ngspice/ngspice/ci/master/tree/examples/
https://forum.kicad.info/t/simulation-examples-for-kicad-eeschema-ngspice/34443
https://forum.kicad.info/t/more-simulation-examples-for-kicad-eeschema-ngspice/45546

https://forum.kicad.info/t/simulation-with-xspice-code-models/56384/2
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https://sourceforge.net/p/ngspice/discussion/
https://ngspice.sourceforge.io/docs.html
https://forum.kicad.info/
https://docs.kicad.org/8.0/en/eeschema/eeschema.html#simulator
https://ngspice.sourceforge.io/tutorials.html
https://ngspice.sourceforge.io/modelparams.html
https://forum.kicad.info/t/simulation-examples-for-kicad-eeschema-ngspice/34443
https://forum.kicad.info/t/simulation-examples-for-kicad-eeschema-ngspice/34443
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