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Motivation for MAPP

® Berkeley Model and Algorithm Prototyping Platform

® Developing good compact models: many pitfalls

» examples: discontinuities/smoothness, well-posedness
— problems usually discovered at deployment (ie, during simulation)

» problems often hard to debug and resolve
—compact model developer and simulator people blame each other
® Anyone working the area of simulation today needs
» device models: basic electrical elements, semiconductor devices, ...
» base algorithms: robust nonlinear solution, transient, HB/shooting, ...
» parsing, equation formulation, output, ...
» huge (waste of) effort of re-development of basic capabilities

® Goal of MAPP: to ease these problems

» common, open-source simulation framework
» in MATLAB

—empowers non-programmers to debug models and algorithms
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Why not use SPICE?

® SPICE: the original open-source simulator
» de-facto standard

» structure (SPICE3): all analyses in all models
» prototyping models & algorithms: takes months to years

—e.g., shooting method (S-SPICE)

® To be useful: modular, well-structured, flexible
» separated models, algorithms, numerics, 1/Os
» simple, clean interfaces
» short, easy to read, easy to modify
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Excerpt from dioload.c (SPICE3J)

#ifdef SENSDEBUG
printf ("vd = %.7e \n',vd):
#endif /* SENSDEBUG */
goto nextl;
}
i1f (ckt—->CKTmode & MODEINITSMSIG) {
vd= * (ckt->CKTstate0 + here—>DICOvcltage);
DEINITTRAN)

L
Fa T

- e—>DICvoltage);
2704 lines of code ODEINITJICT) -

in 27 files )

ODEUIC) ) {
vd=here->D10initCond;

} else if ( (ckt—->CKTmode & MODEINITJCT)  && ‘here~>DIOoff)
{

vd=0;
} else if ( ckt->CKTmode & MODEINITJCT) ({
vd=here->DIOtVcrit,;

} else if ( ckt->CKTmode & MODEINITFIX && here->DIOoff) {
vd=0;

} else {

#ifndef PREDICTOR

if {ckt=>CKTmode & MODEINITPRED) ) {
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Glimpse: Diode Model in MAPP

function MOD = diodeCapacitor_ModSpec_wrapper{)
# ModSpec description of an ideal diode in parallel with a capacitor
MOD = ee mﬂdel{}
MOD = add_to_ee_model{(MOD, "external nodes', {'p", "'n"})
MOD = add_to_ee_model (MOD, ‘expliciit ouds® {"ipn®1)-
MOD = add_to_ee_model (MOD, Sparms i S 2&—12 "Is" ,1e—12, "'VT1",0.025})
MOD = add_to_ee_model (MOD, 'F', @f )
MOD = add_to_ee_model(MOD, "q", @q)
end

|
2
3
4
>
6
7
8
9

function out = f{5)
v2stryct(S) -
out = Is={exp{vpn/VT)-1);
end

16 function out = q{5)
v2struct(5):
18 out = C=vpn;
19 end
“diodeCapacitor_ModSpec_wrapper.m” 19L, 548C written

MOD.terminals MODSPEC | ° executable (in Matlab)
MOD.parms B

MOD.explicit_outs e takes 10min to write
MOD.f: function handle _

MOD.q: function handle - works in all analyses
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Code Structuring of MAPP
Ckt structure descriptions ; ;
(w behavioural extensions) |User commandsl

Differential Algebraic Equation (DAE)

HAE) + f(#(@), a(t) =0

Analysis algorithms: DC, AC, transient, HB, shooting,
envelope, multi-time, noise, macromodelling, etc.

Analysis outputs: Analysis results: waveforms, files, tables

system-level structures,
macromodels (arrows mean “needed for”)
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Differential Algebraic Equations (DAES)

E(t) KCL;: —diode(—ey;Is, Vi) —ip =0
| | | - KCLj : e gl _,
' L .Q_R 2: ZE+ZL+R+ T EE
2 BCRE €y — €1 — E()—O ll .
dZL C_U
—__— BCRLZ 62—L%:0 .9
state (unknown) vector input coupling matrix inputs o L1 1
sizen size n x nInID size Ny, §
d l / = |3 k2
dt((»+f((D+Bu
Lo mo
— — —
/ y(t) — C:U(t) _I_ DU(t) mi1Y1 :—k1($1—l1)—|—]€2($2—$1 —ZQ)
outputs ~ o o
_ : . maYs = —ka(xa — 1 — l2)
size n,,; state->output coupling matrix L
size Ny X N input->output feedthrough matrix |~ ~ !
Size Noyt X Ninp =
. . R, £ k1[A][B] — k2[C]
Bio-Chemical Rs £ Ks[C1[D] — ka[B][ ]
CO0668 + COMOO1 <=> C00267 + COOOO9 % - _R + R2
DAE v ArBRC
HO—E—O Q HO U ? o 1
Size n HOY T "OH \[ \/ HO 6H OH k2 [C] R R
CCCCCCCCCCCC dt
W 9 C+D=FE+A do) _
nnnnnn o =R
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MAPP: Analysis Algorithms
Ckt structure descriptions " "
(w behavioural extensions) |User commandsl

Differential Algebraic Equation (DAE)

HAE) + f(#(@), a(t) =0

Analysis outputs: Analysis results: waveforms, files, tables

system-level structures,
macromodels (arrows mean “needed for”)
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Glimpse: Shooting Method in MAPP

( ™) .
Shooting Algorithm in MAPP (pseudo-code) 1 50 lines Of code

shootObj = shoot(DAE): // constructor

1: shootObj.DAE = DAE;

2: shootObj.tranObj = LMS(DAE); // transient simulation object T~ . .
3. set up member functions: .solve, .g, and .J Obje(:t'orlented

4: return shootObj;

shootObj.solve (initguess, T):
I: x0 « NR(@g, @], initguess);

2: shootSols = tranObj.solve(x0, 0, T); 4 reuses LMS (transient) COde

3: return shootSols;

shootObj.g (x0):
1: tranSols = tranObj.solve(x0, 0, T);
2: return gout = tranSols(:, n) - x0;

shootObj.J (x0):

1: tranSols = tranObj.solve(x0, 0, T);
2: Ci_pre = DAE.dq_dx(x0); \
- M = eye(n); wprks with all devices,

3:

4: for 1 = 2:n do _ i i

5. x = tranSols(;, 1); u = inputs(;, i); circuits, domains

6: Ci = DAE.dq_dx(x); Gi = DAE.df_dx(x, u);

7. M = (Ci + (tpts(i) - tpts(i-1)) * Gi) \ Ci_pre * M;

8: Ci_pre = Ci;

9: end for .

10: return Jout = M - eye(n); COde easy tO erte

.
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Analxss Algorlthms Structure

dense & sparse (arrows mean “needed for”)
matrix solution integration methods
routines (BE, TRAP, Gear, etc) Krylov subspace, TBR

methods; eigenanalysis,
SVD routines

Newton-Raphson
and Homotopy
2, 3, etc. time scale multi-time/

envelope, including autonomous

: (time/freq domain formulations)
transient
o=

stationary One-tone steady state Multi-tone steady state
noise including autonomous including autonomous
Cyclostationary/phase noise |
LTV/nonlinear macromodelling
algorithms, including autonomous
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MAPP: Compact Model Proto

6 -
4 e
0 gasest
L‘?< —2;; 2
S _4L A
~— :f jé?? ——Vg=0 -—-—Vg=06
k=) ‘G‘fﬂg —— Vg =01 —+—Vg=07|]
-8 AL —+—Vg=02 —<—Vg=08 |
10#;?‘9 *-Vg=03 —+>—Vg=09 ||
- ,ﬁf —=—Vg=04 —~Vg=1
~12} Vg =05 (V) 1
-02 0 02 04 06 08 1
vd (V)

(a) BSIM6.1.0
default: L=10um, W=10 um

—e—Vg:O
——Vg =01
——Vg =02
-1k ' S S + Vg=0_3
—=—Vg =0.4
Vg =05

——\Vg =07
——Vg =08

——Vg =0.9 |-

*—Vg =1
(V)

Vg =06 |.

05 0 0.5
(c) MVS v1.0.1
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1 1.5
vd (V)

default: L=80nm, W=11m

20

T T

——\Vg=0
——\Vg =0.1
——Vg =02
——Vg=0.3
—a—Vg =04
Vg =05

——Vg =06
——\Vg=0.7 ||
——Vg =028
——\Vg=029
——Vg=1 ]

(v)

0.2

04 06

08 1

(b) PSP Level 103 v3.0

vd (V)

default: L=10pm, W=10 um

15 a;,_‘,yﬁ* o
e
10 Ao s cae
;%:;BZW “““ GGaadaadads
5 B
zom
9 _5#‘2’2&
:E; 10 ﬁ —e—Vg:O —+—Vg =06 B
RS /4 —*—Vg=0.1 —=—Vg=07
_1542255&{ —+—Vg=02 ——Vg=038 ||
ff‘f +~Vg=03 ——Vg=09
20 —=—Vg =04 vg=1 [
Vg =0.5 (V)
25 . ; ; |
-0.2 0 02 04 06 0.8 1
(d) MOS11 v2 vd (V)

default: L=1um, W=1um

typing
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Landau-Lifshitz-Gilbert (LLG) Model: Spin-Torque Devices

0.5 s
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FEFET: Char Curves, Inverter

® Ferro-electrical FET (negative cap. gate)
» modified MVS model by Dimitri Antoniadis (MIT)
—no gate loss
» homotopy needed to capture -ve res. region

MNA DAE for FEFET char curves ckt: arclength continuation: outputs vsA=Vgg:::E MNA DAE for FEFET inverter: arclength continuation: outputs vs A=Vgg:::E
— T T — —

35T

T T T T T T T T T
1 RS Sl it S St P tFEN=1.2e—06 {FEP=0: —1000*i(Vdd)!|
‘ : ‘ : tFEN=1.2e-06 tFEP=0: output
: : : : tFEN=1.5e-06,tFEP=0: —1000*i(Vdd)
S 3 : T ’ tFEN=1.5e-06,tFEP=0: output Il
] tFEN=1.8e-06,tFEP=0: —1000*i(Vdd)
tFEN=1.8e-06,tFEP=0: output
tFEN=2.1e-06,tFEP=0: —1000*i(Vdd)
tFEN=2.1e-06,tFEP=0: output
tFEN=2.3e-06,tFEP=0: —1000*i(Vdd)
tFEN=2.3e-06,tFEP=0: output H

- A
VDD=0.2: ~1000*i(Vdd)
VDD=0.3: ~1000*i(Vdd)

VDD=0.4: ~1000%(Vdd)

sk VDD=0.5: ~1000%(Vdd)
)

)

)

VDD=0.6: —1000*(Vdd
VDD=0.7: —1000%(Vdd

VDD=0.9: —1000%i(Vdd
VDD=1: -1000%i(Vdd)

2.5

S e T W S ST U S T 155k j A L) T

values

1 1.3

)2

: ; : : s 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
| 1 | | 1 | A=Vgg:::E

0 0.1 0.2 03 0.4 05 0.6 0.7 08 0.9 1
A=Vgg::E )
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MAPP's Multi-Physics Capabillities

multi-mode Mach-Zehnder
fiber electro-optical modulator .. .iti-mode

laser splitter combiner fiber
photo-detector
Phase Shiffer
. l J
v — = "
el \\\\\ » ﬂ
Light \\\\\:\\\\\ ~9 p . -—sr . }—- N =
—— \\\\\\\ — A - V+ V_+3 E-.
\\\\\ = I'F - L-l}

it V. V-5 |—

[
L . o

Transmitter

. Receiver
Opto-Electronics
Electronics Optics Optics Electronics
opto-electronic
o ' ' ' ' devices
NetV\{orks in d.n‘ferent .p_hy3|cal df)malns éupported ’Z@fwo,?Dti 2o
» via domain-specific Equation Engines et Mt A et
. . . . . . e COWGIVZZ "Rati Y Sr o ‘\xa eg‘t(?(‘\l\’
® Domains interact via devices with multiple Network iy, B N
ModS C
Interface Layers (NILS) Mecnalal?ical ?Equpaeticon:)re Th;::'-nal
® Master Equation Engine orchestrates domain-specific .
NIL NIL

Engines to produce multi-physics system DAEs
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Optical System Modelling/Simulation Example

g guide —th
light wave . . . wave light
: splitter oiner : .

source guide P JoIne guide sink
wave
sweep 1 (reflective index) ---------- » guide

IE.:-mI wa 1 owith Ein =1, =100 m
1 T

............................................

...........................................

|EI:IIJ1|

A =1550nm |
A =1625nm

B3 1.652 1.654 1.666 1.655 1.62 1.682 1.654 1.68965 1.685 1.7

N of waveguide
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Magnituae (aB)

V(if+) - V(if-) (V)

Example: 2-tone HB on Gilbert Cell

Vif+ Vif-
\
Vlo+ © Vlo+
3 4 6 5
Vio. o Q = Q Q Q
Vrf+o—— Q1 Q2
~
Vl'f- o \' I/
I/iQ7 Q8 I\
Vss © ¢
HB on MNA DAE for Gilbert cell
0 = 0 : : = 0
1ol 5 s | -l TP
- e %—1005 i %_1002 OO i
200y o 3 a0 S 200)
_300- 1 | i S -300 E I Ooi Ly | S -300 1 | o | i
2 A 0 1 2 = = ) 100 fof o2 = 98 199 200 201 2
frequency (Hz) x 10 frequency (Hz) x10 frequency (Hz) x10
0.2F
0
—O.ZM\AMAMAMMMNM\MI\MM/‘/‘MAWMW
0 0.1 0.2 0.3 0.4 0.5 0.6
time (sec)
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Per-Element Distortion Contribution Analysis

Distortion Contribution Analysis on Gilbert cell

o
/

42
—92 .-

—142§

~192 |

I
n
i
N
/

Distortion Contribution Amplitude [dB]

<" 5e+06
4e+06
3e+06

0 Frequency
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Example: Goto Pair Continuation

currents

f(v1)

unstable solution

stable solutions

diode current = f (diode voltage) f(Vga — v1)

0.5

05 ,v ..................... v ..................... vv ....................

04, ..................... .................. .................... ,,,,,,,,,,,,,,,,,,,, | 0.4 ..................... ..................... .................... |

(V)
(V)

IR - R e — H 03l

E n2

E n2

Y R (O . oal S

011/ S e e — ] 0Lt A f R — ~

0 02 04 i i 1 0 i
06 08 0 02 04 06 08 1

1 \/AA---[C
1 \/AA---C
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Example: Synthetic Bio Oscillator

3D phase plane plot of RRE
forA+B->2B;B+C—>2C;C+A—>2A

A+B=2B

0.8

04l

C+A—=24 ool =

[B]
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LTI MOR Example in MAPP

Equation formulation for
the RC line circuit

Extract C/G matrices,
Arnoldi MOR

AC simulation ]< >[

AC analysis: RC line with 20 segments:
line end voltages with and W|thout MOR

Equation formulation for
the reduced-order system

<~

AC simulation ]

2
10 10 10
Frequency (Hz)
e . . a 0 T
™ . . ) H T
) . : TS i h s an e .ff\ff
n-stage 8 —— line end voltage —G—ArnoldlwlOR g= 10 N
R ~—-100011 —o— ArnoldiMOR: g=1 ArnoldiMOR: g=15 | &
- —6— AmoldiMOR: g=3 —©— AmoldiMOR: g=20 | o
| Cl|  -1500({ —&— AmoldiMOR: 9=5 |
; &
I o . e m—
I 10° 10' 10° 10 10

line end voltage

Mag_nitude

line end voltage

1 —©— ArnoldiMOR: g=1

—o&— ArnoldiMOR: g=3
©— ArnoldiMOR: g=5

—&— AmoldiMOR: g=10
ArnoldiMOR: g=15
©— ArnoldiMOR: g=20

L1 1 1 [ 11

1 I L1 1 [ 1 1]
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Phase-based Reduced-order Model in MAPP

Standard TRAN simulation:

Model osc. \m\
in MAPP 1
1 iy RN RERERERL R ‘HMH | i 55!_31

|

HEYBIBYELERE L E
LBV YL A

| IRNRERE 110 | 1
! .T-[ii!--!‘;|4 P T | | I
not just -'.'w;w:u;1:!@;!;;!!}:'-;!:;[!;.!;:,!5_!:;
electrical ones _,;!///5/&/%/!/1}1};:;1:!‘:!i3!!i:iii!};E!!}i!!}i!!ig!!i
I ‘I.‘ .\I. 4.1|.i‘r‘7.--:.7|i-‘.;- .."IIZ"IZ' ‘.Z ‘

Simulate PSS:
[ ] Phase-based TRAN:

Ll
shooting or HB
Adlerized DAE for IL with 0.01A dI: transient with 1C=0.1:0.1:0.9
T T T T T

[ Extract PPVs ]

[Gen-AdIer Analysis] : |

%Aqb(t) = fo— fi + fo- 9(A8(1))

DC lTRAN y

locking range

Observe Injection
Locking properties

phase dynamics 0'10 S(I)O 10I00 15IOO 20I00 25‘00 3000

time

A¢(t) captures phase response nicely

details: Bhansali/Roychowdhury, “Gen-Adler: the Generalized Adler's equation
for injection locking analysis in oscillators”. Proc. ASPDAC, 20009.
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MAPP for Device Model Development

A Vdd
DC/AC/TRAN =
in MATLAB —
Vin —0O Vout
d n-channel
> format itself eliminates some ° ]
common modelling mistakes o

Test

Immediately
(standalone)

Run Small

Write in MATLAB SN
Compact | Circuits in

Model (ModSpec format)

Equations
X > model doesn't eva
. > overflow/doma
» smoothing

roblems?No

» DC conwv. failure
nsient timestep too
> unphysical results
voltage/curren

> define custom functio
> custom init/limiting
> gmin
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MAPP Model Development Flow (2)

| Step 1: model developed in ModSpec/MAPP |

y

ModSpec Model
(in MATLAB)
hand-coded

translate manually

to NEEDS-compatible Verilog-A

Jaijeet

double-check — (in MATLAB)
Cn MAPD auto-generated B

compare code,
check consistency

ModSpec Model

> NEEDS-compatible
Verilog-A model

from Verilog-A

automatic translator

end of Step 2: high level of confidence Verilog-A model is correct/debugged
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MAPP Model Development Flow (3)
automatic

NEEDS-compatible translator
—»| Verilog-A model l

use model
in Commercial
Simulators

(from Step 2)

ModSpec
Model
(C++ API)

“simulation-ready” model deployed

confirm
model with
DC/AC/TRAN
in C++
MAPP

proof of model
goodness '

model supported

in Open-source
Simulators

(Xyce)

Jaijeet Roychowdhury, University of California at Berkeley
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Glimpse: Circuit Netlist in MAPP

function ckthetlist = current_mirror_ckt()
4 ME netlist for a simple current mirror
% Author: Bichen Wu, 2013510522
cktnetlist.ckthame = "current_mirror®
cktnetlist . nodenames = {"D1", "'D2', "H2D", "G"}:; ¥ nodes in the circuit
cktnetlist.groundnodename = "pnd”

Vd = 2; k = 1e4; 10 = 10e6; RL = 1ed; W = 270; L = 180; DSgmin

W0 D L N

% define a time—varying function for the voltage source
utfunc = @(t ,arps) args.offset + args.A = sin(2=pi=args,f=t)
utargs.offset = 10; utargs.A = le6; utargs.f = 2ef

% set up the netlist
cktnetlist = add_element{ckthetlist, wvsrcModSpec(), "VD1", ..
{'D1", "gnd"}, {3, {{"E", {"'DC", ¥d11}1); ¥ wsrc between node
cktnetlist = add element{cktnetlist vsrcModSpec(), "vVD2', .
{'D2", "gnd"}, {3}, {{"E", {"DC", Yd1i}}) Evsrcbetueenrmde.t_
cktnetlist = add_element{cktnetlist, isrcModSpec(), "I0", ... .
{¢'o1t, 'G'3}, {3, €01, {'DC", I0},{"TRAN" ,utfunc,utargs}i}})
cktnetlist = add_element{ckthetlist, resModSpec{), 'R", ...
{'D2", "Mm2D"}, {{'R", RL}}, {}); A pesistor_betiwen D2 and M2D
cktnetlist = add_element{cktnetlist, m_ﬁnﬂm:{} "M1", ... ¥ n—MOS
{IGI, IGI, 'End'}, {{.T“"E.J IHI l-l k'ﬂ"fl_} {lv‘l’l, “'3}}, {}}
cktnetlist = add_element{cktnetlist, é‘l_ﬂlﬁmc} "M2", ... X nMOS
{"M2D", 'G", "gnd"}, {{'Type", 'H'} {"Bata" k-H!L}, {"vr*, 0.331, {})
27 end X function current_mirror_ckt
"current_mirror_ckt.m"” 27L, 1455C written 1,1 All
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Glimpse: Verilog-A — ModSpec Translator

Series RLC
Version 1a,
Ken Kundert

1 June 04

Downloaded from The Designer's Guide Community
(www.designers—-guide.org).

Taken from "The Designer's Guide to Verilog-AMS"
by Kundert & Zinke. Chapter 3, Listing 14.

VOO0 WN -
~
~

10 “include "disciplines.vams"

11

12 module series

13 parameter // resistance (Ohms)
14 parameter // inductance (H)
15 parameter // capacitance (F)
16 inout p,

17 electrical p, n, i;

18 branch (p, i) rl, (i, n) cap;

19

20 analog b

21 V(rl) <+

22 V(rl) <+

23 I(cap) <

24 end

25 endmodule

Verilog-A ‘

Jaijeet Roychowdhury, University of California at Berkeley

1 function MOD = series_rlc2 ModSpec_wrapper ()

2 MOD = ee_model();

3 MOD = add_to_ee_model (MOD, 'terminals', {'p', 'n'});
4 MOD = add_to_ee_model (MOD, ‘'explicit_outs', {'ipn'});
5 MOD = add_to_ee_model (MOD, 'internal_unks', {'Irl'});
6

7 MOD = add_to_ee_model (MOD,  'parms', {'r', 1000});

8 % resistance (Ohms)

9 MOD = add_to_ee_model (MOD,  'parms', {'l', 1e-9});

10 % inductance (H)

11 MOD = add_to_ee_model (MOD,  'parms', {'c', 1le-6});

12 % capacitance (F)

13 MOD = add_to_ee_model (MOD, 'fqgei_all', @fgei);

14 MOD = finish ee_model(MOD);

15 end

16

17 function [Vrl, Frl, Icap, Qcap] = series_rlc2(Irl, Vcap, r, 1, c)
18 Vrl = r*Irl;

19 Frl = 1*Irl;
20 Icap 0;
21 Qcap c*Vcap;
22 end
23
24 function [fe, qge, fi, qi] = fqgei(S)
25 v2struct(S);
26
27 Vcap = vpn;
28 [Vrl, Frl, Icap, Qcap] = series_rlc2(Irl, Vcap, r, 1, c);
29
30 fe(1,1) =
31 qe(1l,1) =
32 fi(1,1) =
33 qgi(1,1) =
34 end

| ModSpec (MATLAB)
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Glimpse: ModSpec Model in Xyce

Vo0 WN PR

20

*** Test-bench for generting dc response of an inverter

**%* Creat sub-circuit for the inverter
.subckt inverter Vin Vout Vvdd Vgnd

-----------

---------- .

Lgdr=32e-7 dLg=8e-7 Cg=2.57e-6 beta=1.[8 alpha=3.5 Tjun=300
Cif = 1.38e-12 Cof=1.47e-12 phib=1.2 gamma=0.1 mc=0.2

CTM select=1 Rs0=100 RdO = 100 n0=1.68 nd=0.1 vxo=7542204
mu=165 Vt0=0.5535 delta=0.15

----------

Lgdr=32e-7 dLg=9e-7 Cg=2.57e-6 betazr1718""alpha=3.5 Tjun=300
Cif=1.38e-12 Cof=1.47e-12 phib=1.2 ganma=0.1 mc=0.2

CTM select=1 Rs0=100 Rd0=100 n0=1.68 =0.1 vxo=1.2e7
mu=200 Vt0=0.4 delta=0.15

.model line

**x circuit lgpglgcels name

Vsup sup 0 1

Vin in 0 0O

Vsource source 0 O

X2 in out sup 0 inverter

model parameter:
name of .so library

**% gimulation

ModSpec Model
(C++ API)

compilejstandalone

.dc Vin 0 1 0.01

Xyce netlist for inverter
(using MVS ModSpec/C++ model)

.print dc V(in)
**% END

.end

Jaijeet Roychowdhury, University of California at Berkeley

.so libraries
(dynamically loadable)

Xyce-ModSpec
Interface

model supported
in Xyce

DC sweep using Xyce




Glimpse: Running Analyses in MAPP

1. convert cktnetlist to DAE:

DAE = MNA_EqnEngine(cktnetlist);

2. run DC operating point analysis:

dcop = dot_op(DAE);
dcop.print(dcop);

3. run transient simulation:

xinit = zeros(DAE.nunks(DAE), 1); xinit(2) = 0.3;
tstart = 0; tstep = 0.1le-9; tstop = 50e-9;
tranObj = dot transient(DAE, xinit, tstart, tstep, tstop);

tranObj.plot(EranObj);
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MAPP: Public Release

® Open Source download: http://mapp.eecs.berkeley.edu
» mailing list (MAPP announcements/discussion)
» bug reporting and tracking site
» git repository access (you can contribute)

® | icense
» primary: GPL-v3
» alternative licensing available
—eg, SRC contract terms apply for SRC company use

» contributors can specify their own alternative
licensing terms for their contributions
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http://mapp.eecs.berkeley.edu/

MAPP: Features

® \Works entirely in MATLAB

» C++ interfaces in the works
® Help system (start with help MAPP)
» quick start walk-through
® Automatic differentiation (vecvalder)
» help MAPPautodiff
® Executable device specification (ModSpec)
» examples, tutorial: part of help

® DC, AC, transient analyses

» also noise, homotopy, HB, shooting, PPV, MOR, etc. (not
released yet)

® Automated testing system exercising suite of tests

Jaijeet Roychowdhury, University of California at Berkeley
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MAPP: Intended Uses

® Developing simulation-ready device models

» including multi-physics devices, network
connectivity

® Quickly prototyping new simulation algorithms

» hours/days to implement a new analysis

— assess strengths/limitations before investing resources to
implement in “real simulators”

® | earning or teaching modelling/simulation

» MATLAB — broadly accessible
» help system, tutorials, supporting resources
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Summary

MNA DAE for FEFET char curves ckt: arclength continuation: outputs vsA=Vgg:::E

3.5FT

T T

VDD=0.2: ~1000i(Vdd)
VDD=0.3: ~1000*i(Vdd)
VDD=0.4: ~1000*i(Vdd)
VDD=0.5: ~1000*i(Vdd)
VDD=0.6: ~1000*i(Vdd)
(Vdd)

)

VDD=0.7: ~1000*i(Vdd
VDD=0.9: —1000*i(Vdd
VDD=1: ~1000*i(Vdd)

0.3 0.4 0.5 0.6
A=Vgg:::E

0.7

0.8

Distortion Contribution Analysis on Gilbert cell

©
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Distortion Contribution Amplitude [dB]
1 1
S 2 & &
N N N N

_ 2e+06
1e+06

0 Frequency

5e+06
4e+06
3e+06

Ckt structure descriptions
(w behavioural extensions)

Device model equations IUser commandsl

Equation Engine (eg, MNA, Tableau, Multi-physics, etc.)

Differential Algebraic Equation (DAE)

4 q&(t)) + f(&(t), d(t) =0

IUser commandsl

Analysis algorithms: DC, AC, transient, HB, shooting,

envelope, multi-time, noise, macromodelling, etc.

Analysis outputs:
system-level structures,
macromodels

Analysis results: waveforms, files, tables

(arrows mean “needed for”)
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3D phase plane plot of RRE
forA+B—>2B;B+C—>2C;C+A—>2A
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