LENESANS

MOSFET
Renesas Power MOS SPICE model

About this document
This document will describe the Power MOS SPICE model provided by Renesas.

Target Device

Power MOSFETs
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MOSFET Renesas Power MOS SPICE model

1. Introduction

In recent years, heat and noise caused by power devices have become a significant issue in the
development of applications that incorporate power devices, and simulation is becoming more important to
shorten development time. SPICE, a circuit simulator, can perform various calculations such as power loss
calculation of power devices, prediction of gate drive performance, circuit avalanche energy, switching time,
and transient junction temperature rise.

Since there is no standard SPICE model for power devices, power device manufacturers develop their own
models and provide them to users. This paper describes the features of our SPICE model for Power
MOSFETSs that Renesas offers.

2. Power MOSFETs SPICE model

2.1 Supported Simulators

There are many types of commercial circuit simulators. We provide SPICE models for the following
simulators (Table 2-1), which are mainstream in the field of power electronics.

Table 2-1 Supported Simulators

Chame

PSPICE Cadence

LTspice Analog Devices

2.2 Grades of SPICE model

As mentioned in the Introduction, SPICE models for power devices must be developed independently by the
manufacturer. To obtain high simulation accuracy, SPICE models need to be complex, but this in turn
reduces simulation speed and worsens calculation convergence. Therefore, we offer three models of
different grades: the G1 model, which emphasizes calculation speed, the G2 model, which emphasizes
accuracy, and the G3 model, which can analyze the effects of self-heating effects (Table 2-2).

Table 2-2 Grades of SPICE model

G1 Non-encryption emphasizes calculation speed and convergence
G2 Encryption emphasizes calculation accuracy
G3 Encryption Self-heating effects can be calculated based on G2

2.3 Encryption

SPICE models contain confidential information such as modeling techniques to accurately represent device
characteristics and device structures. Therefore, G2 and G3 models, which are high-precision SPICE
models, are encrypted and published. Encrypted models can only be used on the target simulator and
cannot be edited at all, which is not convenient for users. Therefore, for user convenience, the G1 model,
which is a simple SPICE model, is published without encryption.
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MOSFET Renesas Power MOS SPICE model
2.4 G1 model

The G1 model is a model of the basic operation of a MOSFET with a minimum number of elements. This
model is best suited when the focus of the simulation is on speed.

(1) Terminal configuration

The G1 model consists of three terminals

20
10 Drain

20 Gate

300 l—O 10 30 Source

Figure 2-1 Terminal configuration (G1 model)

(2) Instance parameters
The following instance parameters are available for users to change:

dm: multiplier (dm=1 for target product). Used when you want to resize the target product.

Table 2-3 Instance parameters (G1 model)

[roams oot osroions

dm 1 Multiplier
(3) Model
[20]
G1 SPICE model
: pae [ model
Igp
mmain MOS3 (Level=3)
.................................................... g P
rdd Constant R
cgd Voltage variable C
[30] i [10]
oMM —i— _ ——MW-""—o dsd Diode
Is mmain rd Id
P rsp i rdp Idp

L} rdp,ldp PKG parasitics
i dsd
ORI wlo reverse recovery ! rgp,lgp PKG parasitics

rsp,lsp PKG parasitics
Figure 2-2 Model equivalent circuit (G1 model)
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2.5 G2 model

To achieve high simulation accuracy, the G2 model uses the BSIM3 model in the MOS section, incorporating
bias dependence in Cgd and Rdd and reverse recovery effects in body-diode. This model is ideal when
simulation accuracy is important.

(1) Terminal configuration

The G2 model consists of three terminals

E o | Descrption

10 Drain
| 20 Gate
30 0 10 30 Source

Figure 2-3 Terminal configuration (G2 model)

(2) Instance parameters
The following instance parameters are available for users to change:

ggmin: Minimum conductance. Effective only for the target element. Used when convergence is poor.

Table 2-4 Instance parameters (G2 model)

[roams oot oseroion

ggmin 1e-15 Minimum conductance

(3) Model
Parts_ | mosel |
G2 SPICE model [20] -

mmain BSIM3
(PSpice Level=7, LTspice Level=8)

rg Constant R
rdd Constant R
cgd Voltage variable C
[30] [10]
W Al dsd Diode macro model
w/ reverse recovery
: rdp,ldp PKG parasitics
: dsd wl/reverse recoveryi
.......................................................... rgp,Igp PKG parasitics
rsp,lsp PKG parasitics
Figure 2-4 Model equivalent circuit (G2 model)
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2.6 G3 model

The G3 model incorporates self-heating effects into the G2 model and can analyze the effects of dynamic
temperature changes during simulation; by setting the case temperature as a voltage source at the Tc pin or
connecting a thermal model of the case to the analysis, the temperature during analysis can be monitored at
the Tj pin.

(1) Terminal configuration

The G3 model consists of five terminals Port

10 Drain
120 O 50 20 Gate
30 Source
30 O —0 10 O 55 50 Junction Temperature
55 Case Temperature

Figure 2-5 Terminal configuration (G3 model)

(2) Instance parameters
The following instance parameters are available for users to change:

modsh: Selection flag for self-heating calculation. 0 disables the self-heating model.
timax: Upper limit for junction temperature calculation.
ggmin: Minimum conductance. Valid only for the target element. Used when convergence is poor.

Table 2-5 Instance parameters (G3 model)

Croams | vout L oesrpion

modsh 1 Self-heating off[0], on[1]
tjmax 500 Upper limit of Junction temperature
calculation
ggmin 1e-15 Minimum conductance
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(3) Model

G3 SPICE model

Gate [12] Drain[12]  T;[50]
Igp gldp ?
: L
- rgp Srdp

Thermal model P
rth1~5 : 1T, [55]

ek ?EWTTTTT

—_] *
I wireverse recovery l Id Vds

Source [32]

mmain BSIM3
(PSpice Level=7, LTspice Level=8)

rg Constant R

rdd Constant R

cgd Voltage variable C
dsd Diode macro model

w/ reverse recovery

rdp,ldp PKG parasitics
rgp.lgp PKG parasitics
rsp,lsp PKG parasitics
rth1~5 Thermal R
cth1~5 Thermal C

Figure 2-6 Model equivalent circuit (G3 model)
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3. How to use the thermal model(G3)

In addition to Drain, Gate, and Source, the G3 model has two extra thermal terminals. The Tj terminal is the
temperature of the junction, and this terminal voltage is calculated as a temperature within the model
(1V=1°C.) The voltage at the Tj terminal changes dynamically during the analysis. Therefore, this terminal
should normally only be used to monitor the voltage, and nothing should be connected to it. By monitoring
this voltage, the dynamic junction temperature during the analysis can be checked. The Tcase terminal is the
outer shell or heat spreader portion of the power MOSFET package. Heat from the power MOSFET is

transferred to the outside through this terminal

Figure 3-1 shows an example of the connection when the outer shell of power MOSFET is not in contact with
anything, i.e., at ambient temperature. Tj should be open, and Tcase specifies the ambient temperature at

the voltage source.

Ronjmg]  ron-ld — Ti-VDS
) L St veingy) o St e
- VCASE rlf
és
lﬁ[A] ID[A]

Figure 3-1 How to connect thermal terminals(a)

Figure 3-2 shows an example connection when power MOSFET is connected to a heat sink or similar
device. Tj is set to open; Tcase connects a thermal model such as a heat sink, and a voltage source is

connected to its outermost shell to specify the ambient temperature.

Ronimg] Ron-ld Til°q Ti-vDS
T )

4~ " Tcase R R2 . . . Lo
= S : : ==+ : Spice(wlo self heating)i === Spice{w/o self heating) |
i - 1 25 *** : Spice(w! self heating) ; *** : Spice(w/ self heating) |
o i I:.
200m ]

L VICASE :

25 ;

ID[A] ID[A]

Figure 3-2 How to connect thermal terminals(b)

Figure 3-3 is a special case. If a voltage source is connected not only to the Tcase but also to Tj and the
ambient temperature is specified, the Tj pin voltage is fixed at 25°C, which enables verification without the

self-heating effect.
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RonimQ] Ron-Id

=== : Spice(wlo self heating)
=== 1 Spice{w/ self heating)

ID[A]

Ti[°c] Ti-vDsS

== : Spice(wlo self heating)
=== : Spice(w/ self heating)

ID[A]

Figure 3-3 How to connect thermal terminals(c)

4. Accuracy Comparison

41 G1vs G2 model

The following graphs show the comparison results between the measured data (red line) and the two SPICE

models (G1 model: blue dotted line, G2 model: green dotted line).

Regarding the ID-VDS characteristics, it can be seen that the G2 model (green) has high fitting accuracy in
all bias conditions. On the other hand, the G1 model shows a noticeable deviation from the VDS change. For
on-resistance, the G2 model (green) also agrees well with the measured data (red) over a wide VGS range,
whereas the G1 model (blue) deviates significantly, especially at low VGS, resulting in an overestimate of on-
resistance. These results indicate that the G2 model reproduces the measured data with higher accuracy

than the G1 model.
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Figure 4-1 Comparison of modeling accuracy of DC characteristics (G1 vs. G2 model)
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Power MOSFETSs device structures become more complex with each generation, and the capacitance shows
a complex bias dependence. The solid lines in the figure show the VDS dependence of Crss, Ciss, and
Coss. On the other hand, the G1 model shows a conspicuous deviation from the actual measurements.
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Figure 4-2 Comparison of modeling accuracy of DC characteristics (G1 vs. G2 model)

4.2 G2 vs G3 model

Figure 4-3 shows the results of the self-heating effect on the G3 model, which indicates that the ID tends to
decrease as the temperature dynamically increases with VDS rise. In addition, since maximum junction
temperature is set 500 “C as an instance parameter of G3 model, the maximum value of Tj is clipped at
500°C, and it can be confirmed that ID begins to increase thereafter.
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Figure 4-3 Comparison of modeling accuracy of CV characteristics (G1 vs. G2 model)
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Figure 4-4 shows the results of verifying the self-heating effect of the On resistance in the G3 model, which
shows a trend of increasing Ron due to the dynamic increase in temperature as ID rises.
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Figure 4-4 Comparison of modeling accuracy of Self-heating effect of Ron (G2 vs. G3 model)

5. Conclusion
This application note describes the three types of SPICE models provided by Renesas.

G1 model, which emphasizes calculation speed, G2 model, which emphasizes accuracy, and the G3 model,
which can analyze the effects of self-heating effects. By selecting three SPICE models (G1/G2/G3) with
consideration of their accuracy and calculation speed, users can choose the best simulation model and

perform them for each purpose properly.
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(Note1)

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use
of these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights,
or other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics
or others.
You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home

electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space
system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics
disclaims any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product
that is inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but
not limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics
products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily
injury, injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as
safety design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for
aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.
Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.
Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is
prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.
It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.
This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

“Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.

(Note2)

Corporate Headquarters
TOYOSU FORESIA, 3-2-24 Toyosu,
Koto-ku, Tokyo 135-0061, Japan
www.renesas.com

Trademarks

Renesas and the Renesas logo are trademarks of Renesas Electronics
Corporation. All trademarks and registered trademarks are the property
of their respective owners.

“Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(Rev.5.0-1 October 2020)

Contact information

For further information on a product, technology, the most up-to-date
version of a document, or your nearest sales office, please visit:
www.renesas.com/contact/.

© 2025 Renesas Electronics Corporation. All rights reserved.
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