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io = getlinio(bdroot);

op = operpoint(bdroot);
sys = linearize(bdroot,io,op); -
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1. Plot time responses of IGBT (see code)
2. Explore simulation results using Simscape Results Explorer
3. Learn more about this example
Copyright 2006-2022 The MathWorks, Inc. L
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Stage 1: Adjust initial rise time
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- Cies = 52.8nF
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Stage 2: Adjust Miller length
T g I I \ T T T T
\ Cres = 1.35nF
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[ K Cres = 5.4nF
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Stage 3: Adjust time constant following Miller length
T T T T T T T T
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| 1 1 | | | 1 1 I
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Stage 4: Adjust off-going current time constant
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B Editor - C\+MyComponents\LossyUltraCapacitor.ssc
1 component LossyUltraCapacitor

2 % Lossy Ultracapacitor
3 % Models an ultracapacitor with resistive losses.
Y — ’ 4 nodes
aiﬁ 7‘E1¢%\n |$ 5 p = foundation.electrical.electrical; % +:top
7 \ q 6 n = foundation.electrical.electrical; % -:bottom
7 end
8 parameters
9 cCo= {1, "F' }; % Nominal capacitance C0 at V=0
10 Cv =4{ 0.2, 'F/V'}; % Rate of change of C with voltage V
11 R = {2, 'Ohm' }; % Effective series resistance
12 Rd = {500, 'Onm' }; % Self-discharge resistance
13 end
14 variables
& Block Parameters: Lossy Ultracapacitor @ 15 i={0, 'A }; % Current through variable
. 16 v={0, "V }; % Voltage across wvariable B
Lossy Ultracapacitor 17 ve ={ 0, 'V' }; % Capacitor voltage 3
Models an ultracapacitor with resistive losses. 18 end
ST 19 function setup
- 20 if R<=0
Settings 21 error ('Resistance must be greater than zero' )
22 end
Parameters Variables 23 end
24 branches
Mominal capacitance CO at V=0: 1 F - 25 i: p.i ->n.i; % Through variable i from node p to node
26 end
Rate of change of C with voltage W 0.2 Fv - 27 equations
28 v == p.v - n.v; % Across variable v from p to n
Effective series resistance: 2 ohm = 29 i == (CO0 + Cv*ve)*vc.der + ve/Rd; % Equation 1
30 v == ve + i*R; % Equation 2
Self-discharge resistance: 500 Ohm 31 end
32 end =
< | y k. " D
= ‘b.ﬁ scape model file Ln 32 Col 4
=~
OK l ’ Cancel ] [ Help I Apply a8

Ultracapacitor

ey e i:(cﬂwrv)%

Vv

¥
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60 i p.i-»on.iy
61 f: R.f -» C.F;
62 end
63
& equations
61 BL == Bl + BI1."X + B12.7X."2 + B13.*"X."3 + B14.%K."4;
12 T e
&7 vo== pLav n.v;
68 u == R.v C.vy
(3] v == BL*u;
7e f == -BL*1i
71 end
72
73 end
1
UTF-8 [LF | Simscape BETH 51 B 1
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Mag > D
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Featured Examples — IR Ao Soope
sl Gy e
Configuration )
Lin+ Simscape +0ut | RF |
simrfV2_custom_vcvs ¢ L Gna
Custom Nonlinearity -
= Gnd 3
Copyright 2013-2018 The MathWorks, Inc.

Create Custom RF &% .

Blockset Models //O
%

Write your own RF Blockset™

Circuit Envelope model in

Simscape® language for

Q
complex baseband simulation. @O

Input saturation voltage: 0.7

Examine the Model

SIMRFV2_CUSTOM_VCVS

> Vsat

Source code

Settings

Parameters

c0: 0
cl: 1
c2:

0
c3:

v
-0.6

T R S

v~2

v
£ oo _t_.a_it_o_n

L2 A ang

Copyright 2013-2018 The MathWaorks, Inc.

Defines a VCVS (voltage controled voltage source) using a third order polynomial with

saturation. Vout = ¢0 + ¢1*Vin + ¢2*Vin~2 + ¢3*Vin~ 3 for |Vin| <= Vsat; constant for [Vin|

Choose source

25
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PA Data

File Edit View Inset Tools Desktop Window Help

== r=]
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Voltage (V)

Absolute Values of Input and Output Voltage Signals

~

o

a

IS

w

o

File Edit View Inset Tools Desktop Window Help

FEF DI AR ELT:]

Magnitude Power Gain (dB)

. Power Gain Transfer Function

0 01 02 03 04 05 06 07 08 09 1
Input Voltage Absolute Value(V)

MATLAB fitting procedure

function a_coef = fit_memory_poly model(x,y,memLen,deglen,modType)

[T

(White box)

% FIT_MEMORY_POLY_MODEL

% Procedure to compute a coefficient matrix givem input and output
signals, memory length, nonlinearity degree, and model type.

%

%

% Copyright 2817 Mathlorks, Inc.
x = x(:);

y =vy(:);

xlen = length(x);

switch modType
case 'memPoly’ % Memory polynomial

xrow = reshape((memLen:-1:1)' + (@:xLen:xLen*(deglen-11),1,[1);

¥ec = (@:xLen-memLen)’ + Xrow;
*¥Pow = x.*(abs(x)."(@:deglen-1)};
xVWec = xPow(xVec);

case 'ctMemPoly® % Cross-term memory polynomial

absPow = (abs(x}.*(1l:deglen-1});

PA model coefficients

4\ MathWorks

1
1 7.1756 + 1.1238i

-1.6834 + 1.1150i

BN

2
57.1783 - 12.3324i
3.2336-0.7538i -25.2834 +7.1506i

8
423...-4.379...-1.125... 24.61... 1.461... 4.390...-94.35... -2.338... -8.825... 1.934... 1.8
-4.4593 + 13.8723i -9.675... 2.191... 2.847... 1.131... -8.420... -9.565... -4.801... 1.563... 2.309... 9.079.. -1.4(;‘

-4.6721-4.7128i 16.98...-1.006... 51.89...-1.516... 3.683...-2.068... 5.637...-6.580... 3.495...-9.910... 5.7

11 12 13 1¢

W oleed|

File Edit View Inset Tools Deskiop Window Help

DEde bR 0DEL- B 0E =0

partTopl = reshape({memLen:-1:1}"+{8:xLen:xLen*{deglen-2}),1,[1};

topPlane =

reshape(

Power Gain Transfer Function

O Abs Gain
- Abs Gain Fit

[ones {xLen-memLen+1,1) ,absPow({8:xLen-memLen)" + partTopl)].’',

1,memLen*{deglen-1)+1,xLen-memLen+1};

zidePlane = reshape(x((@:xLen-memlLen)' + (memLen:-1:1)).°,

memlen, 1, xLen-memlen+1) ;
cube = sidePlane.*topPlane;

xVec = reshape(cube,memLen*(memLen*(deglen-1)+1},xLen-memLen+1).";
end

coef = xVec\y(memLen:xLen);
a_coef = reshape(coef,memLen, numel(coef)/memLen);

=

g

Magnitude Power Gain (dB)

Hin

Memory Poly

Out

0 01 02 03 04 05 086 07 08 09
Input Voltage Absolute Value(V)

o

@

-]

Voltage (V)
IS

m

—eo

@

S

~

ey

o

o

PA model for circuit
envelope simulation
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Add RF components

| RF BUDGET ANALYZER

o OH
New Open Save
- -
FILE
Element Parameters

Input Frequency 58
Available input Power -66  dBm
Signal Bandwidth 20

SYSTEM PARAMETERS

Generic RF Element

Avalable Power Gain -1.3
Noise Figure 2.3

OIP2 Inf

OIP3 37

Input Impedance 50
Output Impedance 50

Name TRSwitch

7

A L

Component specifications

IRF Budget AnalyzeriRiE 8l ZRF &5t & &
Export to MATLAB / RF Blockset

~N

@ @ T e HB-Analyze H 8 Bd  rotsandwiohz0 wzv [
dl Demodul Delete 2D 3D S Parameters 3 : Default Export
R M Auto-Analyze Pl Pl Plot Resolution 51 points i =
ELEMENTS HARMONIC BALANCE PLOTS VIEW EXPORT
Cascade
G . v . v
o— N Sy — N
3 .. % ..
TRSwitch RF_Fimer LNA Gan Demod IF_Fiter IFAmp AGC
Stage 1 2 3 4 5 é T 8
GainT (68) 13 2.50%9e-10 15 105 -7 5.503e-12 40 175
NF (d8) 23 0 15 s 0 25 43
OIP3 (dBm) 37 inf 26 23 15 Inf Inf 38
Results
Cascade 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8
Fout (GHz) 5.8000 5.8000 5.8000 5.8000 0.4000 0.4000 0.4000 0.4000
Friis-Pout (dBm) -67.3000  -67.3000  -53.3000 -42 8000 -49.8000  -49.8000 -10.8000 6.7000
Friis-GainT (dB) 1.3000 1.3000 12.7000 23.2000 16.2000 16.2000 55.2000 72.7000
Friis-NF (dB) 2.3000 2.3000 35310 36572 3.6930 3.6930 3.7275 37275
Friis-OIP3 (dBm) 37 37 25.9863 22.8096 12.3757 12.3757 51.3757 35.9978
Friis-SNR (dB) 32,6649 32.6649 31.4339 31.3076 31.27119 31.27119 31.2374 31.23713

4\ MathWorks

: RF Cascade

/

Cascade Budget Analysis
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RF Budget Analyzer{®i®

REERF ARG 5558

4\ MathWorks

(settings: 12-bit converter
L hewn M/\M Vimin: -10A((-35-30)/20), Vmax: 107((-35-30)/20)) w\/\/\( WAL
Ffr?t';%%? —» Rectangular |—» ——> 12 bits > — > AGC R‘?I"étf'a uMIar
16-QAM Square root > jj’ié Square root
Transmitter + Channel RF Receiver HDC nd Digital - Receiver =
Designed with RF Budget Analyzer Constellation
Basaband Signal Basaband
Ganeration RF Recedvar D Raceivar SER
¢ . \ J
Frea Space 7
Ot ¥ Path Loss I Ot f—— DE Blocker B In Ot -
115 dB /Q a > FETT
sjgnal
RF Power
at RX Input || > ||
R signal
-41.14 Power .
- Meter
Input Cutput
/ Spectrum Speacirurm
511512
52152
Sparams Amplifier Demod Amplifier
28




Z 5|3 RF Receiver Integrated in MATLAB Testbench

=

1

MATLAB Testbench

File Edit View Insert Tools Desktop Window Help

[ Editor - C\demos\Simulink_RF_v2\LTE\TestbenchSimRF\NewModel\LTE_Testbench_RF_RX.m

PUBLISH

EEJ - % L rraries wsert £, fr [ - 2 D L@ | Run section J@})

| Compare ~ Comment % it %l GoTo -

New Open Save — Breskpoints  Run  Runand |, Advancs  Runand
- - v Pt v Indent 3] i |5 (4 Find * - ~  Advance Time:
FILE EDIT NAVIGATE BREAKPOINTS RUN
| LTE_Testbench RF_ RX.m |+ |
== - ; —
54 evmpeak (1) = evmmeas.Peak: -
55 - | evmrms(l) = evmmeas.RMS;
56
57 %% Simunlate successive LTE frames
58 % Load initial state from workspace using the final state of the previous
59 % freme simulation
60 — set_param(model, 'LoadInitialState', 'on', 'InitialState’,’'xInitial'});
61 - | RepeatFrame = [tx(FilterDelaySamples+l:end); tx(l:FilterDelaySamples}];
62
63 — for n = 2:N
64 % Generate data
65 — time = ( (n-1)*FrameLength+(0:FramelLength-1) + FilterDelaySamples)*SampleTime:
66 — txWaveform = timeseries (RepeatFrame,time);
67
68 % SinRF testbench
69 — sim(model, time(end)):
70 - xInitial = xFinal;
71
72 % Compute and display EVM measurements
73 - evmmeas = hPDSCHEVM (rmc, squesze (rx)):
74 - evmpeak (n) = evmmeas.Peak:
75 - evmrms (n) = evimeas.RMS; L
76 — end I
71 %% Visualize measure EVM
78 = | figure(l);
79 = | plot((1:N), 100*evmpeak)
80 - | title('EVM peak 3'):
81 - | xlabel('Number of frames');
g2 - | figure(2): S
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B Spectrum Analyzer
File Tools View Simulation Help
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https://www.mathworks.com/help/lte/examples/modeling-and-testing-an-lte-rf-receiver.html
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Z2/514 PA + DPD Simulation

= Circuit Envelope for fast RF simulation Pre——— = e — o e
-  Low-power RF and analog components |& - or® &-a 03 DamEn ®-2/0p® - a &80
*¥ EVM / MER
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LNAPE$i PTHEC 4%

Demo: RF Toolbox “Designing Matching Networks (Part 1:

Networks with an LNA and Lumped Elements)"

Ga = 10.00 [dB]
NF = 565 [dB]

Gammas = [0.7808], 90.0 [deg)
GammaOut = 0.8613), -124.9 [deg]
25 =0.242 +0.970

input_match = rfckt.cascade('Ckts', ...
{rfckt.shuntrlc('C',Cin),rfckt.seriesrlc('L',Lin)});

output_match = rfckt.cascade('Ckts', ...
{rfckt.seriesrlc('L",Lout),rfckt.shuntric('C',Cout)});

LNA = rfckt.cascade('ckts', ...
{input_match,unmatched_amp, shunt_r,output_match});

analyze(LNA,5.05e9:10e6:5.35€e9) ;
plot(LNA,'Ga','Gt"',"'dB"');
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Ro = 50;
f1C = 2400e6;
f2C = 2500e6;

Ls = (Ro / (pix(f2C - f1C)))/2;
Cs = 2%(f2C - f1C)/(4*pixRo*f2Cxf1C);

2xRo*(f2C = f1C)/(4xpixf2Cxf1C);
(1/(pixRox(f2C - f1C)))/2;

Lp
Cp

R ILECRZRiit

4 New Session

4\ MathWorks'

freq = linspace(2e9,3e9,101);|
setports(ckt, [2 1],[6 1])
S = sparameters(ckt,freq);

rfplot(S)
0 . ; T
20F
a0 F 1
[
he3
8
2 60
=
o
i)
2
80} ]
100 - ]
120 s L L L L L L L L
2 21 22 23 24 25 26 27 28 29 3
Frequency (GHz)
-
Name ~
9 € ans
[m] X antennaObject
0] cktsparams I cell

Set Source Impedance (Zs)

Zs Source {Scalar Complex Impedance
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= | 1] freqRange 1521 double
@] mnckt Il circuit
H model ‘sparamnonlinear’
€ out Ix1 SimulationOutp!

| plotFrequency 24500e+09

ntennaDesigner

L.
= [ reflecto
€] Sparameters

s
SParamObjOut 11 sparameters

Set Load Impedance (ZI)

ZlLoad

[ﬁgwaTEEE;bmea

4
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PCB database import
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4\ MathWorks:

MathWorksf#R 5 2=

4 ) Signal Integrity Toolbox
55 Pre-layout

State: default
Topology: channel
™1 DOE: channel
si_serdes
SI_AMI_Tx RX1
SI_AMI_Tx si_serdes
100.0ps - SerDes... W2 w1 w3 SI_AMI_Rx
None diff_strip_1000h... diff_strip_1000h... diff_strip_1000h... SI_AMI_Rx
$lc_len $bp_len $ic_len
P e e\ PP e
& O T— i3 Top, 2 L L2 Top r 3| g s
S1 X_ViaDiff1 X_ViaDiff2 s2
$connector Default_Diff_Via Default_Diff_Via $connector

) SerDes Toolbox

Simulink, DSP System, and Signal
Processing Toolboxes (Required)

m
<
-l
—
<
=

RF PCB Toolbox

N RF Toolbox

! Post-layout

Signal Integrity Toolbox

Parallel Computing Toolbox
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4 Serial Link Designer
File Edit Libraries Setup SimData Rum Logs Reports Tools DOE

I EI EARC TN ENRTTENT 101 IRES[ RENC 1LIICTESRCIEIEWEY)

" Post-Layout Verification
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Signal Integrity Toolbox Features — Standards Compliance

Industry Standard Signal Integrity Kits — Examples

PCle-5 Compliance Kit PCle-4 Compliance Kit CEIl 56G-LR Compliance Kit
Test the compliance of simulation Test the compliance of simulation Test the compliance of simulation Characterize and validate the Characterize and validate the
models and topologies to the PCI models and topologies to the PCI models and topologies to the B ef performance of a CEl 56G-VSR performance of a CEl 56G-LR
Express generation 5 (PCle-3) Express generation 4 (PCle-4) Express generation 3 (B PCle-2) channel design. channel design.

specification. specification.

e P

El 28G-SR Compliance CEl 25G-LR Compliance Kit 10GBASE-KR4 Compliance 100GBASE-KR4 CAUI-4 Chip-to-Chip
Kit Kit Kit Compliance Kit Compliance Kit
Characterize and Characterize and validate the Characterize and validate the Characterize and validate the Characterize and validate the Test the compliance of simulation
performance of a CEl 28G-VSR performance of a CEl 28G-5R performance of a CEl 25G-LR performance of a 10GBASE-KR4 performance of a TO0GBASE-KR4 models and topologies to the CAUI-4
channel design. channel design. channel design. channel design. channel design. C2C specification.
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Design Space Exploration

e B e A A A e Tt e et

For both Serial
and Parallel
Designer apps

Solution Space:

Sheet Options: [ | Case Mode

Global Options

. Select DOE Shi

W Length

Soft Range

Transfer Variation
Met Wariable: Type: Farmat: Group: Yalue 1: Value 2: Yalue 3: Value 4: Value 5:
channel Etch Corner List Corners TE (Typ) - - - - -
channel Process Cormer List Cormers TT (Typ) - - - - -
channel Sbp_len W Length Soft Range |=nones= 16in | |
channel Sconnector Subcircuit Model |List =none=

channel Float AMI Range [=none=

channel RX1:peaking_filter.config Integer AMI Range |=none= 0 - - - - -
channel R¥1:peaking_filter mode String AMI List =nones= off - - - - -
channel RX{1:clock_recovery.ref Float AMI Range |=nones= 0.0

channel RX1.dfe taps.1 Tap AMI Range |RX1.Tap 0

=
=

\
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Stat Eve Width (osy (o

Interface: 100GBASE_KR
Reference Schematic Set: 100GBASE_KR

Process Controls:

[] Stop On Error | Setup Stop Error Conditions

["] Backup Before Deleting Data Restore

Simulation Options... || Simulation Parameters... ‘ |||| Parallel H Configure Parallel...

[ASFILE

&\ MathWorks

4 connectors
X

4 line-card lengths

16 simulations

rLocal HSPICE Path:
) Default

i) Other |hspice

rCluster HSPICE Path:
& Default

0,02 oy

|

Channel Analy

Validate

1 Generate Netlists

Include Statistical Analysis

Include Time Domain Analysis

| 1 Run SPICE

Perform Channel Analysis

Display Results Spreadsheet

Autoload Results
® All Sheets

Steps: Channel Analysis Summary

() Current Sheet

Channel Analysis Queue Monitor

Accelerate with Parallel Computing
Toolbox and MATLAB Parallel Server

\Naral\el Computing Toolbox Clusters:

Default Cluster: local

Cluster Selection:

SPICE: |<Default Cluster>

Channel Analysis: |<Default Cluster>

| Ml paratel || hew |[ test. ||

Refresh Clusters

Number of Simulations Per Task:

P
SPICE:| 1=
P

Channel Analysis:| 1

rLocal to Remote Path Maps:

| Run || Close || Errors & Warnings H @Auloloadkesu\ls |

Local Path Remote Path
! i
File Comp Retry:
{ Completion Retry Count{ 3 =
Completion Retry Pause: 3
| I | R
LS ==
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Signal Integrity Toolbox + RF PCB Toolbox

&\ MathWorks:

Pre-layout Post-layout

Use RF PCB Toolbox to import PCB files « Cadence Allegro
Compare pre- and post-layout nets to each other * Mentor PADS Layout

Easily identify any issues
Incorporate fixes and re-simulate

« Mentor Board Station
« Mentor Expedition PCB
« (Cadence APB

Intercept Pantheon
Altium Designer
Altium P-CAD

IBIS EBD
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