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Semiconductors Characteristics Visualization: Plot |-V curve for
semiconductor device model parameter values

A new quick plot feature lets you visualize the basic I-V characteristics for semiconductor
switching devices. To plot the characteristics, right-click a semiconductor block in your
model and, from the context menu, select Electronics > Basic characteristics. The
software automatically computes a set of bias conditions, based on the block parameter
values, and opens a figure window containing a plot of the DC I-V characteristics for the
block.

This feature is implemented for nonthermal variants of the following blocks in the
Semiconductors library:
N-Channel IGBT
N-Channel MOSFET (both threshold-based and surface-potential-based variants)
P-Channel MOSFET (both threshold-based and surface-potential-based variants)
N-Channel LDMOS FET
P-Channel LDMOS FET
N-Channel JFET
P-Channel JFET
NPN Bipolar Transistor
PNP Bipolar Transistor

Also, the MOSFET Characteristics Viewer, which was introduced in R2017a for surface-
potential-based N-Channel MOSFET blocks, has now been extended to include surface-
potential-based P-Channel MOSFET blocks. This tool lets you perform an in-depth study
of block characteristics and match the block behavior to a set of target characteristics. To
access the Characteristics Viewer tool, right-click a surface-potential-based MOSFET
block in your model and, from the context menu, select Electronics > Explore
characteristics.

Passive Device Blocks: Model slow-blow fuse, diffusion resistor, and
reluctance with hysteresis

The new Reluctance with Hysteresis block in the Passive Devices library lets you model
the physical effects of a nonlinear reluctance with magnetic hysteresis. Use this block as



a building block for custom inductances and transformers that exhibit magnetic
hysteresis.

The new Diffusion Resistor block in the Passive Devices library represents a resistor
with velocity saturation. Similarly to the existing Resistor block, this block also lets you
model tolerances, operational limits, fault behavior, and thermal noise. You can turn
these modeling options on and off independently of each other.

The Fuse block in the Passive Devices library now has additional parameterization
options that let you model dependence of opening time on current:

* Opening time is independent of current — This option implicitly assumes
that heat in the fuse is instantaneously dissipated once the current drops below a
certain threshold. It also explicitly assumes that the time to open is independent of
the current. This is the same functionality as in previous releases.

* Opening time depends on I”2*t — Makes fuse opening dependent on the energy
dissipated in the fuse. The nominal melting value (I"2*t) is usually available on
manufacturer datasheets. Use this option for high-current range of operation.

* Opening time is tabulated — Makes fuse opening dependent on the average
time-current tabulated data. This data indicates the time that it takes for the fuse to
open given a certain current, and is available on manufacturer datasheets as time-
current curves. Use this option for small currents.

RC Servo Block: Model fault-capable RC servo systems

The new RC Servo block in the Rotational Actuators library represents a small DC motor
with a gearbox and control circuitry, commonly used in quadcopters, radio-controlled
planes and helicopters, and other mechatronic devices. RC servos provide angular
position control of the output shaft over a limited angle range. The angle demand is set
by the pulse width of a PWM signal applied to port s.

Gate Driver and Half-Bridge Driver Blocks: Model gate driver integrated

circuits

Two blocks have been added to the Drivers library:

* Gate Driver — Provides an abstracted representation of a gate driver integrated
circuit.
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+ Half-Bridge Driver — Provides an abstracted representation of an integrated circuit
for driving MOSFET and IGBT half-bridges.

Both blocks model input hysteresis, propagation delay, and turn-on/turn-off dynamics.

Unless modeling a gate driver circuit explicitly, always use one of these blocks to set
gate-source voltage on a MOSFET block or gate-emitter voltage on an IGBT block. Do not
connect a controlled voltage source directly to a semiconductor gate, because this omits
the gate driver output impedance that determines switching dynamics.

Finite-Gain Op-Amp Block with Noise: Model thermal noise effects

The Finite-Gain Op-Amp block can now generate thermal noise voltage and current. The
equivalent circuit contains two noise current sources, attached to the two block inputs,
and a noise voltage source attached to the noninverting input. These three sources are
independent from each other.

The default value of the new Noise mode parameter is Disabled, in which case the
block does not generate noise. If you select Enabled, additional parameters become
available in the Noise section of the block interface. By default, the same current density
is applied to both inputs, but you can apply different current densities to each input by
using the Noise current parameterization parameter. The block generates Gaussian
noise by using the Random Number source block in the Simscape Foundation library.
The Repeatability parameter gives you the following options for noise control: not
repeatable, repeatable with a random seed, and repeatable with explicitly specified seed.

Controlled PWM Voltage Block Enhancements: Select between
electrical and physical signal input ports and specify minimum pulse
duration

The Controlled PWM Voltage block now has two modeling variants, accessible by right-
clicking the block in your block diagram and then selecting the appropriate option from
the context menu, under Simscape > Block choices:

+ Electrical input ports — The block calculates the duty cycle based on the reference
voltage across its +ref and -ref ports. This modeling variant is the same as in previous
releases.

+ Physical signal input — Specify the duty cycle value directly by using an input
physical signal port.



Both block variants have a new parameter, Minimum pulse width, which lets you
specify the minimum pulse duration.

N-Channel IGBT with Tabulated Thermal Dependence: Use thermal-
dependent lookup table approximation to |-V curve

The N-Channel IGBT block now has an additional parameterization option. In previous
releases, the detailed block variant gave you a choice of using either the equivalent
circuit representation or a lookup table. However, the second option used a 2-D table
lookup that did not include temperature dependence data.

Now the Parameterization parameter for the detailed block variant has three options:

* Fundamental nonlinear equations — Use an equivalent circuit based on a PNP
bipolar transistor and N-channel MOSFET (same as in previous releases).

* Lookup table (2-D, temperature independent) — Use 2-D table lookup for
collector current as a function of gate-emitter voltage and collector-emitter voltage
(same as Lookup table in previous releases).

* Lookup table (3-D, temperature dependent) — Use 3-D table lookup for
collector current as a function of gate-emitter voltage, collector-emitter voltage, and
temperature.

If you use the Lookup table (3-D, temperature dependent) option and the block
thermal port is not exposed, then the Device simulation temperature parameter on
the Temperature Dependence tab lets you specify the simulation temperature.

Thermocouple with Type K Support: Model K-series thermocouples

The Thermocouple block now lets you model NIST Type K thermocouples. Use the new
Thermocouple type parameter to select the thermocouple type:

* Type B, E, J, K (t<=0 degC), N, R, S or T — This option is equivalent to
the block functionality in previous releases.

* Type K (t>=0 degC) — This option adds an exponential term to the block
equations when the temperature difference is greater than 0 degrees Celsius.

1-5
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Variable Target Specification for Additional Blocks: Guide initialization
using desired variable values with relative priority

In R2017a, block-level variable initialization was introduced for several Simscape
Electronics blocks (see “Variable Target Specification: Guide initialization using desired
variable values with relative priority” on page 2-6).

In this release, block-level variable initialization is also available for the following blocks:

Accelerometer

Gyro

PTC Thermistor
Pressure Transducer
Resolver

Thermistor

The values you specify during block-level variable initialization are not the actual values
of the respective variables, but rather their target values at the beginning of simulation
(t = 0). Depending on the results of the solve, some of these targets may or may not be
satisfied. For more information, see “Variable Initialization” (Simscape).

Relay Block Improved Usability: Set block initial state based on input

The Relay block no longer has the Initial connection parameter, which used to specify
whether the relay was open or closed at the start of simulation.

Now the initial state of the block is set automatically based on the signal value at port PS
at the start of simulation (t = 0):

If PS is greater than the threshold, the common port C connects to the S2 contact
(relay is closed).

If PS is less than or equal to the threshold, the common port C connects to the S1
contact (relay is open).



Compatibility Considerations

In legacy models, if the parameter value was set correctly based on the expected input at
t =0, there is no change in simulation results. Otherwise, the initial state of the relay is
flipped.

SPICE Semiconductor Parameter Renaming: Make block parameter
names consistent with SPICE2

Several blocks in the Additional Componenents library have had their parameters
renamed, to make them consistent with SPICE2.

SPICE Diode block:

ND renamed to N
MG renamed to M
SPICE NJFET and SPICE PJFET blocks:

ND renamed to N
MG renamed to M
SPICE NMOS and SPICE PMOS blocks:

ND renamed to N

Compatibility Considerations
Blocks in existing models will continue to work. If you have scripts that use get param

and set param and reference the old parameter names, then these scripts will generate
errors. Update these scripts to use the new parameter names.

New examples

Examples introduced in this version are:

Custom Solenoid with Magnetic Hysteresis

Electrical Transformer with Hysteresis

1-7
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MOSFET Characteristics Viewer: Verify model behavior based on
specified parameter values

The new MOSFET Characteristics Viewer tool allows you to study characteristics of a
particular parameterization of a surface-potential-based MOSFET block and match the
block behavior to a set of target characteristics. The tool allows you to:

* Plot simulated data, using the current block parameters.

* Overlay simulated data plots over tabulated target data.

*  Modify block parameters.

*  When satisfied with the results of the parameters tuning in the Characteristics
viewer, update the block parameters in the model.

+  Save generated parameter sets for future reuse in a different model.

For more information, see MOSFET Characteristics Viewer.

Battery Fade: Model age-related degradation of battery performance

The Battery block (formerly called Generic Battery) now contains a new parameter,
Model battery fade? Setting it to Include enables you to specify the dependence of
other battery parameters on the charge-discharge history.

This enhancement lets you analyze the effect of a long simulation, with multiple charge-
discharge cycles, or define a starting point for a simulation based on the previous charge-
discharge history. For example, you can simulate a vehicle transmission system
assuming a new battery, or a battery that requires replacing, without modifying multiple
model parameters.

See the block reference page for details.

Compatibility Considerations

The block name has changed from Generic Battery to Battery. The name of the Simscape
language source file has changed accordingly.

If you are using the block in your models, there is no compatibility impact because the
block will be updated automatically when you open your model.


https://www.mathworks.com/help/releases/R2017a/physmod/elec/ug/mosfet-characteristics-viewer.html
https://www.mathworks.com/help/releases/R2017a/physmod/elec/ref/battery.html

If you are using the source file as a member in your custom composite components
(authored using Simscape language), then you need to update the member component
declarations from elec.sources.generic batterytoelec.sources.battery.

Transformer Block with Fault Parameterization: Test system behavior
during faults

The new Mutual Inductor block in the Passive Devices library lets you model a mutual
inductor (two-winding transformer) with nominal inductance tolerances for each
winding, operating limits, and faults.

Transformers are typically rated with a particular saturation current, and sometimes
with a maximum power dissipation. You can use these values as operating limits to
generate warnings or errors if the block is driven outside of its specification.

Fault modeling options are the same as for the Inductor block:

* At a specific time
*  When the maximum voltage is exceeded more than a certain number of times

* When the maximum current is exceeded for longer than a specific time interval

Either the primary or the secondary winding can be faulted. The faulted winding is
modeled as a faulted inductor. The unfaulted winding is coupled to the faulted winding.

elec_getPowerLossTimeSeries and elec_getEfficiency Functions:
Calculate time-series power loss data and total efficiency for the model

Checking dissipated power is useful for verifying that circuit components are operating
within their working envelopes. In addition to the blocks in the Semiconductor Devices
library, some other blocks now also have an internal variable called power dissipated,
which represents the instantaneous power dissipated by the component. When you log
simulation data, the time-value series for this variable represents the power dissipated
by the component over time. You can view and plot this data using the Simscape Results
Explorer.

The elec _getPowerLossSummary function, added in R2015a, lets you calculate average
losses for a block over a period of time. To improve usability, the output table of this
function is now sorted with respect to the power.

2-3
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Two new functions extend the reporting on switching device losses:

* The elec getPowerLossTimeSeries function calculates dissipated power losses for
blocks in a model, based on logged simulation data, and returns the time series data
for each block.

* The elec getEfficiency function calculates efficiency for blocks in a model, based
on logged simulation data.

To use these functions, you have to enable simulation data logging and run the
simulation. For more information, see Data Logging.

elec_calculateFluxPartialDerivatives Function: Convert FEM-exported
flux linkage data to parameters used by FEM-Parameterized PMSM
block

The FEM-Parameterized PMSM block works with flux linkage partial derivatives, rather
than directly with flux linkage, for improved numerical performance.

If your finite-element motor design tool does not have an option to output partial
derivatives, then you can use the new elec calculateFluxPartialDerivatives
function to calculate these derivatives from the flux linkage.

You can also use the new elec _generateIdealPMSMfluxData function to generate
tabulated flux linkage data for an ideal permanent magnet synchronous motor. Use this
function to create test data for the FEM-Parameterized PMSM block, either for
validation purposes or to set up a model before actual flux linkage data is available.

MOSFET Block with Surface Scattering and Tabulated Capacitances:
Model reduced electron mobility due to electric field strength

The N-Channel MOSFET and P-Channel MOSFET blocks have the following
enhancements in this release:

* The surface-potential variants of these blocks now let you model surface scattering.
The Main section for the surface-potential variants of the block interface contains a
new parameter, Surface roughness scattering factor, which indicates the
strength of the mobility reduction due to surface scattering. If you model temperature
dependence, the new Surface roughness scattering temperature exponent


https://www.mathworks.com/help/releases/R2017a/physmod/elec/ref/elec_getpowerlosstimeseries.html
https://www.mathworks.com/help/releases/R2017a/physmod/elec/ref/elec_getefficiency.html
https://www.mathworks.com/help/releases/R2015a/physmod/simscape/data-logging.html
https://www.mathworks.com/help/releases/R2017a/physmod/elec/ref/femparameterizedpmsm.html
https://www.mathworks.com/help/releases/R2017a/physmod/elec/ref/elec_calculatefluxpartialderivatives.html
https://www.mathworks.com/help/releases/R2017a/physmod/elec/ref/elec_generateidealpmsmfluxdata.html
https://www.mathworks.com/help/releases/R2017a/physmod/elec/ref/nchannelmosfet.html
https://www.mathworks.com/help/releases/R2017a/physmod/elec/ref/pchannelmosfet.html

parameter leads to a temperature-dependent reduction in the MOSFET
transconductance at high gate voltage.

For threshold-based variants, the tabulated capacitance models have an improved
voltage dependence control of the reverse transfer capacitance, Crss, and the gate-
drain junction capacitance. These capacitances are now a function of the drain-gate
voltage, which provides better modeling for the gate-bias dependence of the input
capacitance. The new parameter, Gate-source voltage, Vgs, for tabulated
capacitances, is available in the Junction Capacitance section of the block
interface. This parameter is visible only for tabulated capacitance models (Specify
tabulated input, reverse transfer and output capacitance or Specify
tabulated gate-source, gate-drain and output capacitance). The block
calculates drain-gate voltages by subtracting this gate-source voltage value from the
values specified for the Corresponding drain-source voltages parameter (N-
Channel MOSFET), or from the negative of the values specified for the
Corresponding source-drain voltages parameter (P-Channel MOSFET). The
default Gate-source voltage, Vgs, for tabulated capacitances parameter value is
0V.

To obtain the full Miller capacitance behavior, it is preferable to include bias
conditions covering both negative and positive drain-gate voltages. However, this
information is not always available from datasheets. Depending on the application,
you might get better results by using a fixed capacitance parameterization and
setting the Charge-voltage linearity parameter to Gate-drain charge
function is nonlinear. This is particularly true for sensitive gate-driving
circuitry.

Compatibility Considerations

To avoid an incompatibility, MOSFET blocks in models created prior to R2017a have the
Gate-source voltage, Vgs, for tabulated capacitances parameter value of NaN (not a
number), and the capacitance continues to be a function of drain-source (or source-drain)
voltages. The NaN value is intended only to preserve the current behavior of existing

models. For new models, set this parameter to a numeric value (the default value is 0 V).

FEM-Based PMSM with Simplified Inductance Parameterization:
Specify rotor inductances independent of rotor angle

The FEM-Parameterized PMSM block now lets you specify tabulated data for d-axis and
g-axis inductances (LL.d and Lq) as a function of d-axis and g-axis currents, instead of
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phase current and rotor angle. The 2-D Data block variant now has an additional
parameter, Parameterization, with the following options:

*+ Assume constant mutual inductance - tabulate with phase current
and rotor angle — The 2-D parameterization option available in previous
releases.

* Assume sinusoidal back emf - tabulate with d- and g-axis currents
— The new option, which assumes that the flux linking each winding depends
nonlinearly on all stator winding currents. It also assumes that the permanent
magnet flux linkage is sinusoidal. This option is usually a good fit for interior magnet
PMSMs (or IPMSMs).

Variable Target Specification: Guide initialization using desired variable
values with relative priority

At the beginning of simulation, the solver computes the initial conditions to determine
the simulation starting point. You can affect the initial conditions computation by block-
level variable initialization, that is, by specifying the priority and target initial values for
certain variables in the Variables section of the block dialog.

In this release, block-level variable initialization is available for the following blocks:

+  Capacitor

* Inductor

* Diode

*  Light-Emitting Diode

*  Photodiode

*  Optocoupler

The values you specify during block-level variable initialization are not the actual values
of the respective variables, but rather their target values at the beginning of simulation

(t = 0). Depending on the results of the solve, some of these targets may or may not be
satisfied. For more information, see Variable Initialization.

Table-Based N-Channel IGBT block: Changed extrapolation behavior

In previous releases, if the applied voltage became lower than the lowest gate voltage
specified by the Vector of gate-emitter voltages, Vge parameter, the block performed
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linear extrapolation. In some cases, this could lead to negative power dissipation in the
block, with the collector current opposing the applied collector-emitter voltage.

This incorrect behavior is no longer possible. In this release, if the applied voltage is
outside the defined range of tabulated data and the extrapolation results in the incorrect
current direction, the block clips the collector current to zero and issues a warning. You
can then modify the tabulated values, so that the applied voltages are within the table
and the extrapolation is not needed.

In general, the best practice is to define the tabulated collector-current values in such a

way that dIc/dVee and dlc/dVge go to zero along the low-bias boundaries of the tabulated
data.

Compatibility Considerations

If your legacy model used out-of-range values of applied voltage, your simulation results
can change. If you get a warning, modify the tabulated values, so that the applied
voltages are within the table range and the extrapolation is not needed.

New examples

Examples introduced in this version are:

*  Energy Scavenger
+ MOSFET Fault in Buck Converter
*  Stepper Motor Averaged Mode
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MOSFET Block with Surface Potential Model: Model accurate behavior
near threshold voltage while conserving charge

In previous releases, the N-Channel MOSFET and P-Channel MOSFET blocks used the
Shichman-Hodges equation to represent the device. This modeling approach, based on
threshold voltage, has the benefits of simple parameterization and simple current-
voltage expressions. However, these models have difficulty in accurately capturing
transitions across the threshold voltage and lack some important effects, such as velocity
saturation.

Now, both the N-Channel MOSFET and P-Channel MOSFET blocks also have variants
that model a MOSFET using the surface potential. To access these block variants, right-
click the block in your block diagram and then select the appropriate option from the
context menu, under Simscape > Block choices:

* Threshold-based — Basic model, which represents the device using the Shichman-
Hodges equation (based on threshold voltage) and does not simulate thermal effects.
This is the default. This model is equivalent to the default (nonthermal) block variant
available in previous releases.

* Threshold-based with thermal — Model based on threshold voltage and with
exposed thermal port. This model is equivalent to the thermal block variant available
in previous releases.

+  Surface-potential-based — Model based on surface potential, new for R2016b. This
model does not simulate thermal effects.

+  Surface-potential-based with thermal — Thermal variant of the model based on
surface potential, new for R2016b.

The surface-potential-based MOSFET models for n-channel and p-channel devices
provide a greater level of model fidelity than the simple square-law (threshold-voltage-
based) models. The surface-potential-based block variants include the following effects:

* Fully nonlinear capacitance models (including the nonlinear Miller capacitance)

+  Charge conservation inside the model, so you can use the model for charge sensitive
simulations

* Velocity saturation and channel-length modulation
* The intrinsic body diode

* Reverse recovery in the body diode model
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Temperature scaling of physical parameters

For the thermal variants, dynamic self-heating (that is, the effect of self-heating on
the electrical characteristics of the device can be simulated)

LDMOS Transistor Block: Model LDMOS transistors suitable for high
voltage, including quasisaturation

Two new blocks in the Semiconductors library, N-Channel LDMOS FET and P-Channel
LDMOS FET, let you model LDMOS (or VDMOS) transistors suitable for high voltage.
The models are based on surface potential and include effects due to an extended drain
(drift) region:

Nonlinear capacitive effects associated with the drift region

Surface scattering and velocity saturation in the drift region

Velocity saturation and channel-length modulation in the channel region

Charge conservation inside the model, so you can use the model for charge sensitive
simulations

The intrinsic body diode
Reverse recovery in the body diode model
Temperature scaling of physical parameters

For the thermal variants, dynamic self-heating (that is, the effect of self-heating on
the electrical characteristics of the device can be simulated)

Both blocks have thermal variants, accessible under Simscape > Block choices. By
default, the thermal port is not exposed.

Generic Battery Block Thermal and Measurement Ports: Model heat
transfer from battery and access internal charge measurement

The Generic Battery block now has four modeling variants, accessible by right-clicking
the block in your block diagram and then selecting the appropriate option from the
context menu, under Simscape > Block choices:

Uninstrumented | No thermal port — Basic model that does not output battery
charge level or simulate thermal effects. This is the default.

Uninstrumented | Show thermal port — Model with exposed thermal port. This
model does not measure internal charge level of the battery.
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* Instrumented | No thermal port — Model with exposed charge output port. This
model does not simulate thermal effects.

* Instrumented | Show thermal port — Model that lets you measure internal
charge level of the battery and simulate thermal effects. Both the thermal port and
the charge output port are exposed.

The instrumented variants have an extra physical signal port that outputs the internal
state of charge. Use this functionality to change load behavior as a function of state of
charge, without the complexity of building a charge state estimator.

The thermal port variants expose a thermal port, which represents the battery thermal
mass. When you select this option, provide additional parameters to define battery
behavior at a second temperature.

When using the thermal variant, use caution when operating at temperatures outside of
the temperature range bounded by the Measurement temperature and Second
temperature measurement values. The block uses linear interpolation for the derived
equation coefficients, and simulation results might become nonphysical outside of the
specified range. The block checks that the internal series resistance, self-discharge
resistance, and nominal voltage always remain positive, and issues error messages in
case of violation.

Faults and Tabulated Efficiencies for Servomotor Block: Inject faults
into servomotor and use tabulated efficiencies

The Servomotor block now lets you specify electrical losses by using tabulated efficiency
data, instead of a single efficiency measurement or tabulated loss data.

The best practice is still to provide tabulated loss data, as a function of speed and torque,
because:

+ Efficiency becomes ill-defined for zero speed or zero torque.

+ Using losses, you can also account for fixed losses that are still present for zero speed
or torque.

If you use the tabulated efficiencies option:

* The block converts the efficiency values you provide into losses and uses the tabulated
losses for simulation.


https://www.mathworks.com/help/releases/R2016b/physmod/elec/ref/servomotor.html

+ Efficiency values you provide for zero speed or zero torque are ignored, and losses are
assumed zero when either torque or speed is zero.

* The block uses linear interpolation to determine losses. Provide tabulated data for low
speeds and low torques, as required, to get the desired level of accuracy for lower
power conditions.

*  The block does no extrapolation of loss values for speed and torque magnitudes that
exceed the range of the table.

The Servomotor block now also provides variants with an exposed physical signal input
port F and an additional tab, Faults, in the block dialog box, to let you model faults and
simulate disconnecting the DC supply. You cannot simulate disconnecting the DC supply
by simply opening a switch, because there must be a finite voltage on the servomotor
terminals, producing the current that balances the electrical and mechanical power. See
the block reference page for details.

FEM-Parameterized PMSM Block Enhancements: Use 4D flux data,
Park transformation for 3D data, and improved iron losses model

The FEM-Parameterized PMSM block now lets you select between the following
parameterization methods for flux and torque:

+ 2-D table lookup, based on current and rotor angle. This model assumes that the
mutual inductance between stator windings is independent of current and rotor angle.
This is the default model, equivalent to the FEM-Parameterized PMSM block

available in previous releases.

+ 3-D table lookup, based on direct current, quadrature current, and rotor angle. The
block uses Park transformation to map the three stator winding currents to direct and
quadrature currents. This method reduces the data complexity, as compared to the 4-
D table lookup, and therefore results in improved simulation performance.

* 4-D table lookup, based on the three stator winding currents and the rotor angle.

To access these parameterization methods, right-click the block in your model, select
Simscape > Block choices, and then select the desired block variant, with or without
thermal port. By default, the thermal port is not exposed.

Regardless of the parameterization methods for flux and torque, all block variants offer
an improved iron losses model. Iron losses are divided into two terms, one representing
the main magnetizing path, and the other representing the cross-tooth tip path that
becomes active during field weakened operation.
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Compatibility Considerations

The Magnetizing resistance, Rm parameter has been replaced by a group of
parameters for the new iron losses model. You now provide two row vectors, each of
length 3, of loss values, as well as the frequency at which they were measured and the
resulting RMS current for the short-circuit loss test case.

The previous parameterization, using the magnetizing resistance, let you model iron
losses depending on the main flux path only, and was not suitable for assessment of field
weakened operation. To replicate results from the previous release, for the Open-circuit
iron losses, [P_hysteresis P_eddy P_excess] parameter, provide a value for P_eddy
only, leaving P_hysteresis and P_excess as 0.

New examples

Examples introduced in this version are:

+ HEV PMSM Drive Test Harness

* PMSM Iron Losses

*  AM Radio Receiver

* Interactive Generation of MOSFET Characteristics

+ Interactive Generation of LDMOS Characteristics

* Interactive Generation of Thermal MOSFET Characteristics
* PWM Circuit Using 555 Timer

+ DC-DC LLC Converter

+ Class E DC-DC Converter

* Linear LED Driver
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SimElectronics renamed to Simscape Electronics

The product name SimElectronics® is changed to Simscape Electronics.

The top-level block library for the product is still located under Simscape in the Library
Browser, but is now named Electronics.

Capacitor Block and Inductor Block with Fault Parameterization: Test
system behavior during faults

The new Capacitor block in the Passive Devices library lets you model the following
effects:

+  Constant or table-based capacitance

* Nominal capacitance tolerances

*  Operating limits in terms of power and working voltage range

+  Fault modeling at a specific time, or when the permissible voltage range is exceeded

for longer than a specific time interval

The new Inductor block in the Passive Devices library lets you model the following
effects:

*  Nominal inductance tolerances

*  Operating limits in terms of power and saturation current

+ Fault modeling at a specific time, or when the maximum voltage is exceeded more
than a certain number of times, or when the maximum current is exceeded for longer
than a specific time interval

Thermal Resistor block now part of Simscape Foundation library

The ability of the Resistor block to model thermal effects, introduced in R2015b on page
5-2, rendered the Thermal Resistor block superfluous. This block has now been moved
to the Simscape Electrical Elements library.

There is no compatibility impact on existing models. However, MathWorks recommends
that, going forward, you use the Resistor block to model thermal effects, by exposing its
thermal port.
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Parameters change to N-Channel IGBT, N-Channel MOSFET, and P-
Channel MOSFET blocks

In previous versions, the output capacitance was implemented directly as the drain-
source capacitance (for MOSFETS) or collector-emitter capacitance (for IGBT). Because
the output capacitance is measured with gate and source (or gate and emitter) shorted,
this implementation does not take into account the reverse transfer capacitance.

To address this issue:

* New parameters, Drain-source junction capacitance for MOSFETSs (or Collector-
emitter junction capacitance for IGBT), let you specify the drain-source (or
collector-emitter) capacitance values directly.

*  For parameterization options that derive the capacitance values, the block subtracts
the reverse transfer capacitance from the output capacitance value to derive the
correct drain-source (or collector-emitter) capacitance.

Compatibility Considerations

If you specified nonzero output capacitance values in your legacy models, open the
corresponding block dialogs and correct the values where necessary.

New examples

Examples introduced in this version are:

+  Buck Converter with Faults
*+ MOSFET Characterization Using Y-Parameters
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Fault block for modeling open-circuit and short-circuit electrical faults

Fault modeling helps you understand system behavior when a fault occurs during
simulation, as well as test out fault detection and isolation algorithms. You can then stop
the simulation, or just warn and continue, to see subsequent behavior.

The new Fault block in the Passive Devices library represents an electrical fault as an
Instantaneous change in resistance. Use it to replicate both open-circuit and short-circuit
fault behaviors, and thus to represent faults on other library components. The block can
trigger fault events:

+ At a specific time

*  When a predefined voltage range or current range is exceeded

*  When an external trigger signal goes high or low

Operating limits, tolerances, and fault parameterization for Resistor
block

Operating limits modeling lets you detect when components exceed their rated values
during simulation. Fault modeling helps you understand system behavior when a fault
occurs during simulation, as well as test out fault detection and isolation algorithms. You
can then stop the simulation, or just warn and continue, to see subsequent behavior.

The Resistor block now has additional fault, tolerance, and operating limits modeling
options. The block lets you model the following effects:

*  Nominal resistance tolerances

*  Operating limits in terms of power and maximum working voltage

+  Fault modeling at a specific time, or when a current limit is exceeded for longer than
a specific time interval

* Thermal noise current

* Thermal effects, such as temperature-dependent resistance and operating limits,
when you expose the thermal port on the block

Compatibility Considerations

The ability of the Resistor block to model thermal effects renders the Thermal Resistor
block obsolete. At this time, the Thermal Resistor block remains unchanged in the
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Passive Devices library to preserve compatibility of existing models. However, this block
may be removed in a future release. MathWorks recommends that, going forward, you
use the Resistor block to model thermal effects, by exposing its thermal port.

FEM-Parameterized PMSM block

The new FEM-Parameterized PMSM block in the Rotational Actuators library
implements a model of a permanent magnet synchronous motor (PMSM) defined in
terms of magnetic flux linkage. You parameterize the block by providing tabulated data
of motor magnetic flux as a function of current and rotor angle.

Servomotor block with tabulated efficiency option

Servomotor block now lets you specify efficiency using table lookup, as a function of
torque and speed.

The block allows both simplified and tabulated definition of electrical losses. The default,
simplified, behavior is the same as in previous releases.

Alternatively, you can provide tabulated loss values as a function of motor speed and
load torque. When using this option, provide data for all of the operating quadrants that
your simulation will run in. If you provide partial data (for example, just for the
quadrant 1 forward motoring region), then the other quadrants are assumed to repeat
the same pattern of losses. This will normally be correct for the reverse motoring region,
but may be an approximation for the braking/generating quadrants. The block does no
extrapolation of loss values for speed and torque magnitudes that exceed the range of the
table.
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elec_getPowerLossSummary function to calculate and view
semiconductor switching device losses

Checking dissipated power is useful for verifying that circuit components are operating
within their working envelopes. All components that constitute blocks in the
Semiconductor Devices library now have an internal variable called

power dissipated, which represents the instantaneous power dissipated by the
component. When you log simulation data, the time-value series for this variable
represents the power dissipated by the component over time. You can view and plot this
data using the Simscape Results Explorer.

The elec _getPowerLossSummary function lets you calculate average losses for a block
over a period of time. Some blocks are composite components and therefore have more
than one power dissipated variable, depending on their member components. For
example, the N-Channel IGBT block has separate power dissipated logging nodes for
the MOSFET, PNP bipolar transistor, collector resistor, and emitter resistor member
components. In this case, the elec getPowerLossSummary function sums all these
losses and provides the power loss value for the whole block.

To use the elec_getPowerLossSummary function, you have to enable simulation data
logging and run the simulation. For more information, see Data Logging.

The function takes a Simscape logging node as the first input argument. The second and

third input arguments are optional and represent the start and end of a time interval for
averaging the power losses. If you omit these two input arguments, the function averages
the power losses over the whole simulation time.

The function returns a MATLAB® table. The first column lists all blocks, within the
specified logging node, that have at least one power dissipated variable, and the
second column lists the corresponding losses in watts.

For an example of using this function to determine the efficiency of a single-stage solar
converter, see Solar Power Converter.

Nonlinear magnetization inductance with hysteresis option for Nonlinear
Inductor and Nonlinear Transformer blocks

A new parameterization option for magnetization inductance, Magnetic Flux Density
Versus Magnetic Field Strength Characteristic with Hysteresis,is
available for the following blocks:


https://www.mathworks.com/help/releases/R2015a/physmod/elec/ref/elec_getpowerlosssummary.html
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* Nonlinear Inductor

* Nonlinear Transformer

This option lets you define magnetic flux density as a function of both the magnetization
of the core and the history of the magnetic field strength, based on the Jiles-Atherton
model of hysteresis. See the block reference pages for details.

Schmitt Trigger block

The Schmitt Trigger block in the Logic sublibrary of the Integrated Circuits library
implements a behavioral model of Schmitt trigger. The block output logic level is HIGH
when the input rises above the High level input voltage value and does not go LOW
until the input falls below the lower-valued Low level input voltage value. This
implements a hysteresis characteristic between input and output of the block.

Current Limiter block

The Current Limiter block in the Semiconductor Devices library provides a behavioral
model of a current limiter. Use it to represent current limiting as found in some power
supplies and motor drives, and also to represent components that are used to limit
inrush current.

Droop parameterization for DC-DC Converter block

The DC-DC Converter block now has a new parameter, Droop parameterization,
which lets you choose between two options:

* By voltage droop with output current — Specify the absolute value of droop
by using the Output voltage droop with output current parameter. This is the
default option and the method available in previous releases.

* By percent voltage droop at rated load — Specify droop as a percentage at
rated load by using the Percent voltage droop at rated load parameter. This is
the new method. You specify a value, in percent, by which voltage drops compared to
the nominal output volage when supplying the rated load. The default is 2 percent.

The DC-DC Converter block now also has a new physical signal input port F and a new

tab, Faults, in the block dialog box, to let you simulate the DC supply failure and
converter failure. See the block reference page for details.
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Thermal port available for H-Bridge block

The H-Bridge block can now have an optional thermal port. By default, the thermal port
1s not displayed. To expose the thermal port, right-click the H-Bridge block in your
model, and then from the context menu select Simscape > Block choices > Show
thermal port. This action displays the thermal port H on the block icon, and adds the
Temperature Dependence and Thermal port tabs to the block dialog box.

When the thermal port is visible:

* The heat generated by the bridge on-resistance and freewheeling diodes is added to
the thermal port. The thermal port has an associated thermal mass and initial
temperature that are set from the Thermal port tab.

* The bridge on-resistance and freewheeling diode resistance become functions of
temperature. The values for these resistances and the second measurement
temperature are defined from the Temperature Dependence tab. Resistance is
assumed to vary linearly between the two measurement temperatures. Extrapolation
is used for temperatures outside of this range except for when simulating in averaged
mode with discontinuous load current characteristics.

New examples

Examples introduced in this version are:

* Inductor With Hysteresis
+ Analog Anti-Aliasing Filter
+  Phase-Locked Loop
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Averaged mode for stepper motor and driver blocks

A new parameter, Simulation mode, lets you select between Stepper and Averaged
modes, and is available for the following blocks:

*  Stepper Motor

+  Stepper Motor Driver

*  Unipolar Stepper Motor

*  Unipolar Stepper Motor Driver

If you select Averaged simulation mode for a motor-driver pair (that is, for a Stepper
Motor block and for the Stepper Motor Driver block that controls it, or for a Unipolar
Stepper Motor block and its Unipolar Stepper Motor Driver block), then the individual
steps are not simulated. This can be a good way to speed up simulation.

Averaged mode includes a slip estimator to predict whether the stepper motor would
have slipped if running in Stepping simulation mode. Upon detecting slip, the simulation
either continues (with or without a warning) or stops with an error, depending on your
setting for the Action on slipping parameter. If you simulate or predict slip, it is
generally a good practice to do some validation runs comparing Stepping and Averaged
modes before using the averaged model representation for simulation studies. See the
block reference pages for details.

Torque or force calculation option for FEM actuator blocks

FEM-Parameterized Rotary Actuator and FEM-Parameterized Linear Actuator blocks let
you either enter the torque or force data, as in previous releases, or calculate the torque
or force matrix from flux linkage information.

If the finite element package does not provide torque (force) and provides only flux data,
then you can let the block automatically calculate the torque (force) matrix from the flux
information. To select this option, set the Calculate torque matrix? or Calculate
force matrix? parameter (as appropriate) to Yes. The torque (force) matrix calculation
occurs at model initialization based on current block flux linkage information. See the
block reference pages for details.

Nonzero threshold width in Switch blocks

A new parameter, Threshold width, is available for the following blocks:
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+  SPST Switch
+ SPDT Switch
+ DPST Switch
+ DPDT Switch

If the Threshold width parameter is set to zero (which is the default), the switch is
closed if the voltage presented at the vT control port exceeds the value of the Threshold

parameter.

If the Threshold width parameter is greater than zero, then switch conductance G
varies smoothly between off-state and on-state values. Defining a small positive
Threshold width can help solver convergence in some models, particularly if the control
port signal vT varies continuously as a function of other network variables. However,
defining a nonzero threshold width precludes the solver from making use of switched
linear optimizations. Therefore, if the rest of your network is switched linear,
MathWorks recommends that you set Threshold width to zero.

Event-based variant of the N-Channel IGBT block

In previous releases, the N-Channel IGBT block provided two ways of modeling an IGBT:

* As an equivalent circuit based on a PNP bipolar transistor and N-channel MOSFET

* By a lookup table approximation to the I-V (current-voltage) curve

These two methods are still available under the Full I-V and capacitance
characteristics block variant. In documentation, this variant is also referred to as the
detailed model. A new block variant, Simplified I-V characteristics and event-based
timing, provides a simplified, event-based model, which lets you represent the IGBT
more simply by using just the on-state I-V data corresponding to the gate voltage used in
your circuit. Switching between states is achieved by linearly ramping the collector-
emitter voltage, which results in much faster simulation speed. Use the event-based
variant when the focus of the analysis is to understand overall circuit behavior rather
than to verify the precise IGBT timing or losses characteristics. For details, see Event-
Based IGBT Variant.

To select the desired variant, right-click the N-Channel IGBT block in your model. From

the context menu, select Simscape > Block choices, and then one of the following
options:
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* Full I-V and capacitance characteristics | No thermal port — Detailed model
that does not simulate the effects of generated heat and device temperature. This is
the default.

* Full I-V and capacitance characteristics | Show thermal port — Detailed
model with expo