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Precautions for Circuit Design Application Note

1. Introduction
1.1 About this application note

In recent years, SiC MOSFET have rapidly become popular in the field of power electronics. Their advantages in high
breakdown voltage and high-speed switching have expanded their application range dramatically. In 2010, ROHM succeeded in
the mass production of the SiC MOSFET (planar structure) for the first time in the world. Since then, ROHM has continued the
technological innovation as the leading company in the SiC field, including the achievement of a significant shrinkage by
employing the trench structure (3@ Generation) in 2015. Recently, ROHM further evolved its own trench structure and started
the mass production of the “4" Generation” SiC MOSFET (Figure 1-1).

This application note describes the features of the 4" Gen SiC MOSFETs and explains in more detail how to obtain their
maximum performance. Detailed information of the previous generation products is summarized in “SiC Power Device Modules
Application Note Rev.003” (*1). In addition to this application note, we provide many technical materials that will help you utilize
the SiC MOSFET. (*1 to *21). Furthermore, “ROHM Solution Simulator”, which is a web simulation tool supporting the 4" Gen

SiC MOSFETS, is publicly available on ROHM’s website. Use these resources together with this application note.
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Figure 1-1. Development history of ROHM SiC MOSFET
1.2 Development targets of the 4t" Gen SiC MOSFETs
When developing the 4" Gen SiC MOSFETs, we mainly focused on the following three targets.
® Low loss: Realizing industry-leading standardized on-resistance (RonA) and high-speed switching
® Improvement in usability: Realizing the gate drive voltage at 15 V to 18 V without a negative bias

®  High reliability: Realizing a high short-circuit rating

First, to achieve the low loss, cell shrinkage for MOSFET and other measures reduced “standardized on-resistance: RonA”,
which is one of the important indicators, by 40% compared with the 3¢ Gen products. Furthermore, the parasitic capacitance
was reduced by optimizing the device structure. As a result, the conduction and switching losses have been significantly
reduced compared with previous products.

Next, to improve usability, gate driving voltage Vson) = 15V, which is equivalent to that of silicon (Si) MOSFET, has been
enabled in addition to Veon) = 18 V for the 3™ Gen products. This facilitates replacement of Si-MOSFET with SiC MOSFET,
significantly improving the degree of freedom in the circuit design by customers. In addition, to suppress the self-turn-on, the
capacitance characteristics of the device is optimized and the gate threshold voltage is designed to be high. Therefore, no
negative bias design during turn-off is required. This simplifies the driving circuit while minimizing the circuit scale, leading to
cost reduction.

Finally, to achieve high reliability, an actual short-circuit rating greater or equivalent to that of the 3" Gen products* is acquired
even though RonA is reduced (the short-circuit rating is generally decreased as RonA is reduced). This is a very important
feature for safely using the SiC MOSFET, which has a high current density per unit area.

(Note: Not guaranteed)
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As described above, the 4" Gen products are dramatically improved in the performance, usability, and reliability compared
with the previous products. Therefore, we believe the 4" Gen products can help customers solve their design issues. The 4t
Gen products not only are offered as discrete or module products, but also can be provided as wafers or chips alone. Please
feel free to contact our sales representative for more details including the product lineup.

In the following chapters, we explain the excellent device characteristics of the 4" Gen SiC MOSFETs in more detail.
2. Various characteristics of the 4" Gen SiC MOSFETs

2.1 Standardized on-resistance (RonA)
Since the dielectric breakdown field strength of SiC MOSFET is approximately 10 times higher than that of Si MOSFET, high

breakdown voltage can be achieved with a drift layer having a low specific resistance and a thin film thickness. Therefore,
compared at the same breakdown voltage, a device with a smaller standardized on-resistance (RonA: on-resistance per unit
area) can be realized. As shown in Figure 2-1, when compared at the breakdown voltage class of 650 V, for example, the SiC
MOSFET can realize the same on-resistance with a chip size approximately 1/100 and 1/10 of that of the Si MOSFET and the
super junction ( SJ) MOSFET, respectively. This enables a reduction of the on-resistance with a smaller package as well as gate
charge Qg and the capacitance, giving significant advantages in the switching characteristics compared with previous products.

For the super junction MOSFET, the breakdown voltage of existing products is currently only up to approximately 900 V. For
the SiC MOSFET, however, a breakdown voltage over 1,700 V can be achieved with a low on-resistance. Previously, the bipolar
device structure (having a low on-resistance, but a slow switching) like the IGBT must be employed to support a breakdown
voltage over 1,700 V. However, the SiC MOSFET can be used as an excellent device that has a low on-resistance, high

breakdown voltage, and high-speed switching simultaneously.
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Figure 2-1. Comparison of standardized on-resistance RonA
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2.2 Vps-Ip characteristics

Generally, since the MOSFET is in the resistive region until it reaches the saturation region, drain-source voltage Vs is
generated in proportion to drain current Io. However, since IGBT has a PN junction, collector current |c does not flow until the
voltage between the collector and emitter (Vce) exceeds the PN junction potential. Therefore, as can be seen in the Vbs(Vce) -
In(Ic) characteristics in Figure 2.2, the smaller the Ib(Ic) is, the smaller the relative conduction loss is in the MOSFET.

Furthermore, when compared with SJ-MOS, the SiC MOSFET can keep the on-resistance low even at high temperature,
because not only is its on-resistance low, but also the increase rate of the on-resistance is low against temperature increase.
This feature of the SiC MOSFET facilitates the thermal design of circuits. Figure 2-2 shows the Vps-Ip characteristics of the 4"
Gen SiC MOSFETSs (1,200 V, 36mQ: SCT4036KR), IGBT, and SJ-MOSFET at ordinary and high temperatures.
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Figure 2-2. Vbs-Ip characteristics of various devices (at ordinary and high temperatures)
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2.3 Gate drive voltage and on-resistance
The drift layer resistance of the SiC MOSFET is lower than that of the Si-MOSFET. However, since the carrier mobility in the

MOSFET channel part is limited by the current level of technology, the channel resistance is higher compared with the Si-
MOSFET. Therefore, the on-resistance can be lowered with higher gate voltage Vs (gradually saturated over Vs = 18 V).

Figure 2-3 (b) shows the Vss-Rps(on) characteristics of SCT4026DR, which is the 4t Gen SiC MOSFETSs. As can be seen in
the figure, the SiC MOSFET is different from general SJ-MOSFET in that its on-resistance varies significantly depending on the
Ves value even when the channel is ON. Therefore, increasing the Vs value is effective in fully delivering the performance of
the SiC MOSFET by decreasing the on-resistance.

In addition, if the Vs is low, the on-resistance tends to be reduced when the operation temperature is higher. Therefore, make
sure that no thermal runaway occurs due to the current being concentrated into a single element, for example, when the

elements are connected in parallel and operated at a high temperature and low Ves.

Channel resistance
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Figure 2-3 (a). Diagram of MOSFET structure
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Figure 2-3 (b). Vs - Rbs(on) characteristics
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2.4 Temperature coefficient of on-resistance
The on-resistance of general SI-MOSFET significantly increases at high temperature. The reason for this increase is as

follows: the resistance component of the drift layer (Reri), which accounts for 90% or more of the on-resistance of the device,
increases by approximately two times when the temperature is increased by 100°C. Although the drift layer resistance of SiC
MOSFET also exhibits similar temperature dependence to Si-MOSFET, the increase rate of the on-resistance of the whole
device is lower compared with general SJ-MOSFET. This is because the drift layer resistance (partial resistance that increases
with temperature) accounts for a small proportion of the whole on-resistance of the SiC MOSFET.

Furthermore, like other semiconductor devices, the temperature coefficient of the on-resistance of SiC MOSFET depends on
the breakdown voltage and the device design. For example, for the 750 V product, the temperature coefficient is relatively small
because the resistance component of the drift layer is small. For the 1,200 V product, however, the temperature coefficient is
larger because the drift layer is thick (i.e., the resistance component is large) compared with the 750 V product. Figure 2-4
shows a graph of the temperature characteristics of the on-resistance, where the X-axis represents the junction temperature (Tj)
and the Y-axis represents the on-resistance relative to the value at 25°C. It is shown that, as Tj increases, the relative on-

resistance of the 1,200 V product exceeds that of the 750 V product because of the difference in the temperature coefficients.
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— 1200V
—_—50V
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Ti[Cl
Figure 2-4. Temperature characteristics of standardized Rps(on) of the 4" Gen SiC MOSFETs
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2.5 Ves-Ib characteristics

Figure 2-5 shows the Ves-Ib characteristics of SCT4036KR (1,200 V, 36mQ). The left and right graphs show the same data
plotted with the vertical axes in the logarithmic and linear scales, respectively. As can be seen in these graphs, when looking at
the values at Ip = 10 mA, the threshold voltage of the 4" Gen SiC MOSFETs is approximately 4 V at room temperature (normally
OFF). In addition, the gate voltage required to pass 5 A or greater current is approximately 7 V or greater at room temperature.

The threshold voltage generally decreases as the temperature increases. (Tvj: Virtual junction temperature)

100 60
&“ ;E‘ 50
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0.01 0
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Gate-Source Voltage : Vas (V) Gate-Source Voltage : Vas (V)
Figure 2-5. Ves-Ib characteristics (SCT4036KR)
2.6 Turn-on/turn-off characteristics
SCT4036KR, which is the 4" Gen SiC MOSFETs, and SCT3040KR, which is the 3" Gen product in the same on-resistance
class, are used to configure each half bridge circuit. Then, the switching characteristics are compared using the inductive load
double pulse test (DPT). Figure 2-6 shows the test circuit.
® Same type
device as D.U.T.
o | R (e /AN
I »\'?_
Ves 250uH
V 200uF H
N L U=L ® N
il g Ta=25°C
»” ZS ViN=600V
Rs=3.30hm
Vies=0 to 18V
L
Figure 2-6. Double pulse test circuit
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Figures 2-7 and 2-8 show comparisons of the switching waveforms and losses in the double pulse test, respectively (low
side). These figures indicate that the switching speed is faster and the switching loss is reduced for the 4" Gen product
compared with the 3™ Gen product. These results can be attributed to the reduction in the internal gate resistor value and the
capacitance values of Coss and Ciss for the 4" Gen products. These values affect the switching speed.

We explain the capacitance and the internal gate resistance in Sections 2-7 and 2-8 in more detail.

Turn-on waveform Turn-off waveform
_SCT304OKR
> | —
DS
400V/div
SCT304OKR
40A/d|v
25ns/div 25ns/div
Figure 2-7. Comparison of turn-on/turn-off waveforms
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Figure 2-8. Comparison of switching loss
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2.7 Capacitance characteristics

As described in Section 2.1, the standardized on-resistance RonA of the 4" Gen products is significantly reduced compared
with the 3™ Gen products. This allows downsizing of elements for the 4" Gen products compared with products with equivalent
on-resistance. Parasitic capacitances Coss and Crss are generally decreased as the element size is decreased in SiC MOSFET
(Figure 2-9). As a result, the switching speed is improved as described in Section 2.6.

10,000
----- Red: 4" Gen SCT4036KR
;__—‘:-:T-:L“"F—_:-—_x
™ 1,000 -—h-‘\:: Blue: 3@ GenSCT3040KR
&
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et
'O
@
o
=
© 10 Ciss=Cgd+Cags
Coss=Cds+Cad
Crss=Cgd
1
0.1 1 10 100 1000

Drain - Source Voltage [V]

Figure 2-9. Comparison of capacitance between 4" Gen and 3 Gen

Furthermore, for the 4™ Gen products, not only the capacitance values of Coss and Crss are simply reduced, but also the ratio
of capacitances Ciss/Ciss is significantly reduced (Figure 2-10). This results in reduction in the risk of occurrence of the self-turn-
on, which may cause problems during switching at a high speed.

Figure 2-11 shows the schematic diagram of the self-turn-on. If a steep dv/dt occurs between the drain and source of
MOSFET in the OFF state, for example, during a switching process, voltage corresponding to the ratio of parasitic capacitances
Cqd and Cgs (approximately the capacitance ratio of Crss and Ciss) is induced between the gate and the source. At this time, if the
gate-source voltage exceeds threshold voltage Vth, the MOSFET is turned ON by error. This phenomenon is referred to as the
self-turn-on.

v(t)

0.25 d @ uens
o SCT3040KR : :
= 020 A 4 I :
m 0 ] 2 I : J | :
S8 010 - :
= 9 .. x
g O 005 |
% = SCT4036KR c
d
(_) 000 VGS =~ # ‘U(t) > Vth
3G 4G gs™gd
Figure 2-10. Reduction in capacitance ratio Crss/Ciss Figure 2-11. Self-turn-on phenomenon
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2.8 Internal gate resistance

If the elements have the same structure, the element with a smaller size generally has a higher internal gate resistance.
However, although the elements of the 4" Gen products are downsized compared with the 3" Gen products, the internal gate
resistance of the 4" Gen products is significantly reduced (approximately to 1/6) by optimizing the wafer processes and the
element patterns.

As shown in Figure 2-12, to drive the gate of the MOSFET, an external gate resistor (Rc _exr: for surge adjustment, etc.) and an
internal gate resistance (Re_int: specific to the gate wire resistance and other factors on the element) are connected in series
between the gate driver and the gate oxide film. Therefore, the switching speed is faster and the switching loss is smaller as the

sum of Re_ext and Rg_InT is smaller.

Element part

Pl L] —-\

Ra INT

®_ R Ext

Gate driver

’—- —-—— i —,

Gate oxide film

Figure 2-12. External gate resistance Rc_ext and internal gate resistance Ra_inT

Next, Figure 2-13 shows a comparison of the switching loss between the 4" Gen and 3™ Gen products with varied external
gate resistance Rc_ext. The evaluation method is the double pulse test as described in Section 2.6. As can be seen in the figure,
even if driven with the same Rg_exr, the switching loss can be significantly reduced for the 4" Gen products. As described in
Section 2.7, this can be attributed to a smaller parasitic capacitance and internal gate resistance R _int, smaller sum of the gate
resistances (Re_INT + Ra_ext), and increase in the switching speed for the 4" Gen products.

Furthermore, since the switching speed is determined from the sum of Rs (Ra_nT + Re_ext), decrease in Re_inT extends the
adjustment range of Rc_ext. Therefore, flexible measures can be taken for suppression of the gate surge, improvement of the

switching characteristics, etc. This can be considered another important feature of the 4" Gen products.
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Figure 2-13. Comparison of Rs_ext dependence of switching loss (4" Gen vs.3™ Gen products)
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2.9 Temperature dependence of switching characteristics

While the switching speed of semiconductor devices generally depends strongly on the parasitic capacitance, the parasitic
capacitance of the SiC MOSFET shows little change against temperature. As a result, the temperature characteristics of the
switching loss are also extremely stable. Figure 2-14 shows the temperature dependence of the switching loss of SCT4036KR,
which is the 4" Gen SiC MOSFETs. As can be seen in the graph below, the characteristics of the switching loss are nearly flat
against the change in temperature.
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2.10 Recovery characteristics of body diode

Figure 2-15 shows a comparison of the recovery characteristics of the body diodes in the 4" Gen and 3™ Gen products. As
described in the section “2.8 Internal gate resistance”, the switching speed of the 4" Gen products is increased by reducing the
internal gate resistance compared with the 3™ Gen products. As a trade-off, the recovery characteristics generally deteriorate
due to increase in surge. However, the graph shows that little recovery current flows for the 4" Gen product although the
switching speed is increased. This result indicates that the 4" Gen products can contribute to a significant reduction in the
switching loss in various bridge circuits where recovery current may occur, including totem-pole PFC and inverters.

Furthermore, reduction in the failure risk and noise caused by the recovery current can also be expected.

— 3 Gen SIC MOSFETs SCT3040KR _

— 4" Gen SiC MOSFETs SCT4036KR

50

40
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Figure 2-15. Comparison of recovery characteristics of body diodes
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2.11 Dependence of switching loss on gate voltage

Figure 2-16 shows the difference in the switching loss due to the gate drive voltage. The switching loss when the device is
turned ON (Eon) decreases as the driving supply voltage V(on) increases. Eon at 18 V is reduced by approximately 1.6 times
compared with 15 V when Ip = 50 A. This is because gate current Igon) increases as the potential difference between Vson) and
the plateau voltage increases, accelerating the discharge of Crss, i.€., the fall speed of drain voltage Vbs (Figure 2-17 (a)). The
plateau voltage is the gate voltage value at which the charge/discharge of the Miller capacitance begins during switching.

In contrast, the switching loss when the device is turned OFF (Eoff) shows little variation with Vson). When the device is
turned OFF, since the gate current that charges Crss (Ic(off) is determined by the potential difference between plateau voltage
Vp and the gate OFF voltage (0 V in this case), Eoff is not affected by Vi(on) (see Figure 2-17 (b): Clearly, Vson is not included

in the expression of Io(off).
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Figure 2-16. VGon) dependence of switching loss
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Figure 2-17. Gate current I during turn-on/off
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2.12 Short-circuit rating

For the 4" Gen SiC MOSFETs, by employing a unique device structure, the inherent trade-off between RonA and the short-
circuit withstand time is resolved, and low RonA and high short-circuit rating are simultaneously achieved (Figure 2-18). The
short-circuit withstand time is generally shortened if RonA is decreased, because the saturation current increases. However, the
peak current when a short-circuit occurs is suppressed in the 4" Gen SiC MOSFETs by decreasing the saturation current of
drain-source current Io compared with the 3™ Gen SiC MOSFETs. Therefore, the trade-off between RonA and the short-circuit
withstand time is successfully resolved to secure the short-circuit withstand time (Figure 2-19). (The short-circuit ratings shown

in the figure are measured values under a certain condition. Note that these numerical values are not guaranteed.)

Vpss:1200V, Ron:40mQ, Vin:800V, Tj=25°C
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Figure 2-18. RonA vs. short-circuit withstand time
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Figure 2-19 Comparison of saturation current (4" Gen vs. 3™ Gen)
© 2022 ROHM Co. Ltd. 14/37 No. 64AN119E Rev.001

November 2022



4t Gen SiC MOSFETs Discrete Package: Characteristics and

Precautions for Circuit Design Application Note

* 3. Gate drive

The slew rate (dv/dt) of the 4" Gen SiC MOSFETs when being driven is significantly increased compared with the 3 Gen SiC
MOSFETs. On one hand, the characteristics are expected to decrease the switching loss and improve the efficiency. On the
other hand, the occurrence of ringing or surge may be induced. Therefore, designing the gate drive circuits requires even more
precautions and careful considerations. In this chapter, we explain the precautions for designs related to the gate drive and the
recommended driving conditions among other points.
3.1 Gate driver IC for SiC MOSFET

When selecting a gate driver IC for the SiC MOSFET, the following points must be particularly considered.

= Driving voltage (e.g., the maximum rating)

= Driving ability (e.g., output peak current and switching frequency)

= Propagation delay time (e.g., between the primary and secondary sides)
= Protection function (e.g., Miller clamp, DESAT, OCP, and UVLO)

= Tolerance to the common mode transient voltage (CMTI: Common Mode Transient Immunity)

In addition, driver ICs are roughly categorized into two types: single function (Simple) and multifunction (Complex) types. The
single function type features only the gate drive function with drive signals, and is produced as small packages including SOP-8
and SSOP-10. In contrast, the multifunction type supports negative bias and features various protection functions, the
temperature monitoring function, isolated power supply, and so on. Many of these products are available as a large package of
SOP-20 and greater.

Many products that provide various required functions are included in the lineup. Please visit ROHM’s website

(https://www.rohm.com/products/power-management/gate-drivers) or contact our sales representative for more details.
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3.2 Recommended gate voltage (Vg(on))

The 4™ Gen SiC MOSFETSs support not only driving with 18 V, but also driving with 15 V, which is not available for the 3" Gen

products. Therefore, previous circuits for Si-based devices can be transferred. Furthermore, although the devices are designed

to be optimized when driven with 18 V, an efficiency equivalent to the optimized value with 18 V can be achieved depending on

the conditions. Figure.3-1 shows the results of comparison of the efficiencies when Vgon) is set to 15 V or 18 V under the

described conditions. Although a slight difference is observed under a heavy load, the efficiencies are nearly equivalent.

Therefore, it is easy to replace the Si MOSFET driven with 15 V.

Buck Converter Power Efficiency
100.0

99.8
99.6
994
99.2
99.0
98.8
98.6
98.4
98.2

98.0
0 1 2 3 4 5 6

Output Power [kW]

VG(ON):15V ==

Efficiency [%]

[Condition]
Vin 1500V
Vout 1250V
Rs 1:3.30
Fsw - 50kHz
VG(oN) 15 0r 18V
Ta :Room
[DUT]

ROHM-4G : SCT4018KR

Figure 3-1. Comparison of efficiencies with varied voltage Vson) (buck converter operation)
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In addition, the recommended drive voltage during turn-off is 0 V for the 4" Gen SiC MOSFETs. For general MOSFET, the gate-

source voltage can be applied up to negative bias during turn-off as a countermeasure against the self-turn-on. The negative

bias drive is even recommended for some products. However, for the 4" Gen SiC MOSFETSs, the threshold voltage (Vi) is

designed to be high in order to suppress the occurrence of the self-turn-on, eliminating the need for the application of negative

bias. (Figure.3-2)

Vs(Switching-side)

T 0‘-’—]- AN —-—i-—-.—._.....___.__._i

Figure 3-2. Waveforms when switching is turned ON

Since the gate voltage rating of ROHM’s SiC MOSFET varies for each generation, comparisons are listed in Table 3-1.
For the gate voltage rating of the SiC MOSFET, refer to Chapter 4 “Reliability of the 4" Gen SiC MOSFETs".

Table 3-1. Comparison of gate-source voltage

Parameter 34 Generation 4t Generation
SCT3xxxx SCT4xxxx
Gate-Source Voltage 4V ~+22V 4V ~+21V
Gate-Source Surge Voltage 4V ~+26V 4V ~+23V
Positive ~ ~
Recommended Drive 18V ~+20V 5V ~+18V
voltage Negative oV oV
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3.3 Selection of external gate resistance (Rc_gxr)
One of the important factors determining the switching performance of the MOSFET is selection of the external gate resistance

(Re_exT). The switching speed depends on the sum of the external gate resistance (Rs_ext) and internal gate resistance (Rc_INT)
of the device. The smaller the sum, the faster the switching speed. As described in Section 2.8, the internal gate resistance of
the 4" Gen SiC MOSFETs is significantly reduced compared with the 34 Gen SiC MOSFETs. Therefore, if the 3" Gen SiC
MOSFETs is replaced with the 4" Gen SiC MOSFETs without changing the external gate resistance, the switching speed is
increased and the switching loss can be reduced (refer to Section 2.6 “Turn-on/turn-off characteristics”). However, if the
switching speed is increased, the surge voltage between the gate and the source tends to increase.

Figure 3-3 shows the waveforms of Vs on the no-switching side and the waveforms of Vbs and /b on the switching side when
the 41" Gen SiC MOSFETs “SCT4062KR” (1,200 V, Ros(n) = 62mQ) is switched. The figure indicates that the smaller the gate
resistance value, the faster the switching speed for Vbs and Io. However, it also shows that the surge of Ves on the no-switching
side is increased.

Based on these factors, it is important to repeat evaluations to select a value of the external gate resistance that satisfies
the required operation efficiency by suppressing the switching loss while preventing the surge voltage from reaching the rated

value for the device.

E 3-OgTurn ON 3.OETurn OFF RG_EXT
@ 2.0 2.0/
= 10 ‘ 10, 10Q
S YA 0.0 514,70
-1.0 A , -1.0|
' 135V ' 3.3Q
1000 v -1.46V 1000
— 800 | -L.73v 800 2.2Q
ATV VN — — 51.5V/ns 600-
2001 A NN 91 5V /s 200!
| X J1. | 52.9V/ns
0— N ! 1 0
30} ~10.9A/ns
= 20!
< o
0,
10

'10ns/div |

Figure 3-3. Re_ext dependence of Ves waveforms when switching is turned ON/OFF (SCT4062KR)
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3.3.1 Precautions for measuring the Ves surge

The slew rate during switching of the SiC MOSFET is significantly increased compared with the Si MOSFET. Therefore, it is
difficult to acquire accurate waveforms with measurements using a conventional passive or differential probe due to noise and
other problems caused by the probe. Therefore, to measure fast switching waveforms, such as those in the SiC MOSFET, it is
recommended to use an optical isolation probe, which can cut the effect of noise. Figure 3-4 shows how the double pulse test is
conducted using an optical isolation probe. For details of the test and the board used, refer to “5. Evaluation board for discrete
devices”.

Figure 3-5 shows the results of comparison between acquisitions of the switching waveforms using a differential probe and an
optical isolation probe under the same condition. It can be seen that large surges occur in the waveforms measured with the

differential probe.
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Figure 3-5. Ves waveforms when switching is turned ON/OFF (SCT4036KR)

For details on the precautions for measuring SiC devices, refer to Application Note “Precautions during gate-source voltage

measurement”*6 as well.
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3.3.2 Countermeasures against Vbs surges
Although the SiC MOSFET features the high-speed switching, a higher surge voltage occurs between the drain and source.

Therefore, it is necessary to select Re_ext so that the drain-source voltage is contained within the voltage rating like the Vas

surge voltage. Adding a surge absorption circuit, such as a snubber circuit, is also an effective countermeasure. Figure 3-6

shows an example of the snubber circuit.

¢ HVdc
C57EOCOG3A333J280K01
Q51 33nF ESR25JZPJ100
——————— 10Q
1000V CSNB
5750 0.66W
SCT4018KR
1,200 V, 18mQ 10Q
RsSNB | | 0.66w
RFN1LAM7S 10Q
700V 0.8A | 0.66W
Vsw
RFN1LAM7S -
700V 0.8A —
ESR25JZPJ100 Bulk
ool 00 WL ___ .
0.66W Capacitor
100 SCT4018KR
RsSNB 0.66W 1,200 V, 18mQ
33nF
100 1000v CSNB
0.66W 5750
C5750C0G3A333J280KC
Lmvain
IvaAIN

ym —e— PGND

Figure 3-6. Example of snubber circuit (SCT4018KR)

The non-discharge snubber circuit is ideal for high-frequency switching circuits because only the surge exceeding the high-
voltage input HVdc is consumed by the resistors in the snubber circuit. However, since the pattern layout is complicated, it

should be used on boards with four or more layers.

The power consumed by the resistor in the snubber circuit (Psns) is entirely consumed by the resistor in the snubber circuit

(RsnB). Therefore, to set Rsns, derive Psns from Equation (1) first.

L x I 2%
Peng = MAIN MZAIN fsw W (1)

In this equation, Lma is the wiring inductance of the main circuit, which includes the equivalent series inductance of the bulk
capacitor. Ivain represents the drain current in the MOSFET during turn-off, and fsw represents the switching frequency to drive

the SiC MOSFET.
The capacitance of the snubber capacitor (Csns) is calculated from the energy stored in the inductance with Equation (2)

below. 2
_ Lyain X Iman
CSNB - % 2 V. 2
SURGE — Vhvdc
[Fle (2)
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Where Vhvac is the high-voltage power supply and Vsurce is the maximum surge voltage. Furthermore, the resistance of Rsns

can be calculated with Equation (3) below.

-1 1
R < X —
SNB ™ Cong X In[(Vsurge — Veng)/ (Vsurge)]  fow

Q] (3)

Correctly setting the Rsne value maximizes the surge absorption effect by discharging all the energy absorbed by Csne during
one cycle of the SiC MOSFET.

Figure 3-7 shows the verification results of the snubber circuit of the SCT4018KR from the double-pulse test. During turn-on,
there is almost no difference between with and without the snubber circuit, but during turn-off, the Vbs turn-off surge is reduced
from 1,206 V to 1,070 V. On the other hand, there is little effect on the switching speed.

Therefore, the Vbs turn-off surge can be suppressed by mounting the snubber circuit. In case the Vps turn-off surge causes a

problem, it is recommended to consider employing a snubber circuit from the circuit design phase.

DUT=SCT4018KR
, RG(E)I(T)=3'.30

VaslV]

12004 Without Snubber —

A

I
With Snubber

VoslV]

Turn-OFF Surge
1206[V]—1070[V]

Ip[A]

0 20n 40n 60n 80n 100n 140n 180n "0 20n 40n 60n 80n 100n  140n 180N
Timel[s]

Figure 3-7. Effect of snubber circuit (SCT4018KR)

For details of how to design snubber circuits, refer to Application Note “Snubber circuit design methods”™*4.
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3.4 Dead time (tot) design
If the SIC MOSFET is used in a circuit with the bridge structure, dead times are usually provided so that the SiC MOSFET on

the high side (HS) and the low side (LS) will not be turned ON simultaneously. Figure 3-8 (a) shows a case example of the dead
time control in a boost circuit. The low-side and high-side SiC MOSFET operate for switching and synchronous rectification,
respectively. As shown in (b), dead times are provided before LS is turned ON and after LS is turned OFF to prevent HS and LS
from turning ON simultaneously. During the dead times, the current of inductor L flows through the body diode of the SiC
MOSFET. Since forward voltage Vr of the body diode of the SiC MOSFET is higher than that of the Si devices, it is considered
desirable to shorten the dead times as much as possible.

However, if the current of inductor L during turn-off (/L(orr)) decreases, the charge/discharge currents to the output
capacitances (Coss) of the high-side and low-side SiC MOSFET also decrease. As a result, the charge/discharge of Coss, i.e., the
variation in Vbs, cannot be completed within the dead times. In this case, the switching loss, which should not occur originally, is
generated in the synchronous rectification SiC MOSFET, and issues such as reduced efficiency and increased heat generation
occur. Therefore, it is necessary to estimate the minimum value of the dead times according to the operation condition of /L(oFF).

The minimum dead time shown in Equation (3) is calculated with a constant Coss for the sake of simplification. However, actual
Coss varies with drain-source voltage Vbs. In many cases, Coss described in the data sheet is generally a representative value at
a certain Vps and not necessarily the most suitable value for calculating the dead times. By using the Vbs-C characteristics
shown in Figure 3-9 and calculating Coss With Vbs <1 V where Coss is maximized, the dead times can be designed with a margin
(shaded area). Actual electric charge required for the charge/discharge corresponds to the colored area in the figure. Therefore,
tor can also be calculated more accurately by using this area part for the numerator in Equation (3). The capacitance graphs
such as Figure 3-9 are presented in the data sheets of the SiC MOSFET.

(Coss_HS+Cpss_LS)XVoyr

tpr > : (3)
L(off)
VSUT
High Cﬁo( L
Side /P I
€ =—Cos
g AT =
Ces L
e =
Low \( 'ij
B Side K'—ES il Ciss=Cop+Ces
I P ‘|V Coss=Ccep+Cbs
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(a) Boost circuit
High
side OFF
g | 1 p—
Low . 11 ON
side 1 I
| |
I 1
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(b) PWM pulse timing
Figure 3-8. Dead time control in boost circuit
© 2022 ROHM Co. Ltd. 22/37 No. 64AN119E Rev.001
November 2022



4t Gen SiC MOSFETs Discrete Package: Characteristics and

Precautions for Circuit Design Application Note

Typical Capacitance vs Drain-Source Voltage
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Figure 3-9. Vbs dependence of parasitic capacitance (SCT4018KR)
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3.5 Countermeasures against self-turn-on

If MOSFET are used in bridge structures, such as inverters and full bridge circuits, the MOSFET on either or both of the upper
and lower arms are supposed to be simultaneously turned OFF. However, due to variation in Vps or /o on the non-switching side
(reflux side) responding to the operation of the switching side MOSFET, they can be accidentally turned ON. This is referred to
as the self-turn-on. When this phenomenon occurs, not only is the efficiency reduced, but the MOSFET may also be damaged in
the worst case.

A negative bias is generally applied to the voltage while the device is turned OFF as a countermeasure against the self-turn-
on. The negative bias drive is even recommended for many products.

Since the threshold voltage (Vi) is designed to be high for the 4" Gen SiC MOSFETs, the occurrence of the self-turn-on is
suppressed. Therefore, the negative bias drive is not required. In the evaluations using ROHM'’s evaluation boards
(PO4SCT4018KE-EVK-001 and PO5SCT4018KR-EVK-001) described in Chapter 5, no occurrence of the self-turn-on was
observed.

However, when a board is designed by customers, the self-turn-on may occur due to the wiring inductance and other factors.
In such cases, countermeasures against the self-turn-on must be built into the circuit.

Figure 3-10 shows examples of circuits used for countermeasures. In (a), by connecting a capacitor of 1 nF to 5 nF between
the gate and source of the MOSFET, an instantaneous rise of the gate voltage is prevented. In (b), by using an active Miller
clamp MOSFET that is turned ON below a certain value of the gate-source voltage, a rise of the gate-source voltage is
prevented. In these circuits used for countermeasures, since the effects are diminished if the parasitic inductance exists, it is
important to install the parts for countermeasures as proximate as possible to the gate and source terminals. It is also

recommended to select parts in a small package with a small parasitic inductance.

@_ E Rz  Gate!
‘%; Source

(a) Capacitor connected between gate and source

Source

(b) Active Miller clamp MOSFET

Figure 3-10. Examples of countermeasures against self-turn-on in bridge structure
However, each system used as a countermeasure against the self-turn-on has advantages and disadvantages, and may not
be applicable depending on the functions of the gate driver IC to be used. Please understand the generation mechanism of self-
turn-on correctly and make a selection.

The generation mechanism of self-turn-on is detailed in Application Note “Gate-source voltage behaviour in a bridge

configuration 2. In addition, various circuits for countermeasures are presented in Application Note “Gate-Source Voltage Surge

Suppression Methods™3. Please refer to this application note as well.
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3.6 Countermeasures against negative surge

As explained in Section 3.5, the gate voltage rating of the SiC MOSFET is very narrow. In particular, the margin for the voltage
during actual use is only a few V regarding the negative bias. Therefore, it is very important to include countermeasures against
the gate negative surge from the circuit design phase.

Figure 3-11 shows circuits used as countermeasures against the negative surge. In (a), a diode to clamp the negative surge is
connected between the gate and the source. In (b), by connecting a capacitor of 1 nF to 5 nF between the gate and source of
the MOSFET, an instantaneous drop of the gate voltage is prevented. In (c), by using an active Miller clamp MOSFET that is
turned ON below a certain value of the gate-source voltage, a drop of the gate-source voltage is prevented. The
countermeasures in (b) and (c) are identical to the countermeasures against the self-turn-on described in Section 3.5 and these
countermeasures can be shared. In addition, like the countermeasures against the self-turn-on, it is important to install the parts

for countermeasures proximate to the gate and source terminals and select parts with the smallest parasitic inductance

possible.
Ve p | Drain
- I I’ - = Tl
@_ E Rs Gate! |l |
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Source
L
(a) SBD connected between gate and source
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_—— I’ -t -
@_ E Rs Gate! |l |
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.
(b) Capacitor connected between gate and source
Drain
S_(;UI'CG
(c) Active Miller clamp MOSFET
Figure 3-11. Countermeasures against negative surge in the bridge sector
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However, the negative surge is not necessarily caused by a single factor, but caused by multiple factors closely connected
with the timing of variations in Vbs and Ib. Effective countermeasures depend on the timing of occurrence of the negative surge.
Therefore, it is necessary at first to accurately understand the factors causing the negative surge. It is important to take the best
countermeasures according to the circumstances, such as the presence or absence of the negative bias and the board layout
conditions, based on this understanding.

The generation mechanism of negative surge is detailed in Application Note “Gate-source voltage behaviour in a bridge

configuration 2. In addition, various circuits used as countermeasures are presented in Application Note “Gate-Source Voltage

Surge Suppression Methods”*3. Please refer to this application note as well.
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3.7 Recommended layout
We have explained the following functions of the gate drive circuits:
» Gate driving power supply (Section 3.2)
 Gate resistance (adjusting the switching speed, Section 3.3)
» Gate surge protection (MOSFET gate protection, Section 3.6)
All of these required circuit parts must be mounted on the printed board. Ideally, all functions should be mounted near the
MOSFET. However, it is necessary to set priorities on the board layout.

In addition, the amplitude of the surge voltage occurring at the gate depends on the characteristics and circuit topology of the
device to be used. Therefore, the priorities of countermeasures also depends on the device to be used. When considering the
layout of a circuit around the MOSFET, careful examination is required regarding the pattern inductance of which function
should be reduced.

To categorize the circuit topologies, they can be distinguished based on the MOSFET structures and the switching systems.
Namely, they can be roughly distinguished into the structure using a single MOSFET (single) and the structure using the upper
and the lower MOSFET connected in series (half bridge), and further categorized into the hard switching system (hard
switching) and the soft switching system (soft switching) as the switching system of the MOSFET. In the half bridge structure,
the non-switching side is affected by the operation on the switching side. In contrast, since a single MOSFET is used in the
single structure, it is sufficient to consider its own switching operation only.

In addition, since the switching characteristics and the gate voltage rating vary with the device generations, pay attention to
the different protection functions required for each generation.

Table 3-2 shows the required functions for each circuit structure. By determining the layout priorities of the parts for
countermeasures in the following order, it is important to achieve operations within the rating and a high efficiency

simultaneously.

Table 3-2. Required functions in gate drive circuit

Topology Protection function required

Single End Hard Switching 1) SBD connected between gate and
Soft Switching source

2) Gate resistance

Half Bridge Hard Switching 1) Active Miller clamp MOSFET

2) Negative surge clamp SBD

3) Capacitor connected between
gate and source

4) Gate resistance

Soft Switching 1) SBD connected between gate and
source

2) Capacitor connected between
gate and source

3) Gate resistance

Figure 3-12 shows a layout example for the half bridge evaluation board for the SiC MOSFET (P05SCT4018KR-EVK-001): (a)
drive circuit diagram, (b) picture of the mounted board, and (c) and (d) layout of the board pattern.

Since this board is used to evaluate the 4" Gen SiC MOSFETs with the hard switching operation, the countermeasures
against gate surges are the most important. The MOSFET (Q2) must be placed proximate to the SiC MOSFET as much as
possible. However, since the gate driver IC (BM61M41RFV-C) being used in the board shown in Figure 3-12 (b) has a built-in
active clamp MOSFET, the diode for absorbing the negative surge (D3) and its bypass capacitor (C3) are placed proximate to
the gate driver IC. Next, the diode for absorbing the positive surge (D2) and its bypass capacitor (C2) are laid out. Since the

positive surge is generated due to the inductance caused by the pattern length from the driver IC to the MOSFET, whether or
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not the mounting is possible is judged according to the layout situation. Finally, the capacitor used as a countermeasure against
self-turn-on (C1) is placed between the gate and the source.

The effect of the surge absorption parts is diminished as the distance from the MOSFET increases. Therefore, it is
recommended to place the parts within 2 cm from the MOSFET as shown in (c). In addition, it is important to lay out the return
line from the driver source terminal to the gate driver IC directly under all the driver circuit parts, as in pattern (d) covering the

entire surface, so that the effect of external noise on the drive signal and the surge protection circuit can be reduced as much as

possible.
_-I- Vee2
VCC2 55 D2
R1 R2 —
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(a) Example of gate surge protection circuit
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(b) Example of gate surge protection circuit mounted on PCB (P04SCT4018KR-EVK-001)
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Figure 3-12. Layout example of gate surge protection circuit (P05SCT4018KR-EVK-001)
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* 4. Reliability of the 4" Gen SiC MOSFETs

Table 4-1 shows the result of the reliability test. (Consumer and industrial applications)

Table 4-1. Items and result of reliability test for through-hole type (TO-247N/TO-247-4L)

SCT4*
Product |MOSFET Package |Through Hole Device4 Type e
1. Life Test
Test ltem Test Method/ Standard Test Condition Sar:?;isslme F::L;ij;]
High Temperature Ta= T, Yoz = Vpsmay
: 1000 h
Reverse Blas JEITA ED-4701100A-1014 “ g
High Temperature Ta= T Vios = Viesma
Gate Bias JEITA ED-4701/100A-101A 10004 = v
[High Temperature i = T Ve = Vi
Gate Bias JEITA ED-4701/100A-101A 1h =2 "
Temperature T .= B5C, RH = 85%, Ve =100V
humidity bias JEITA ED-4701 1 00A-1024 1R e !
T,=-55C (30 min) ~ T, = 150°G (30 min)
Temperalure cycle JEITA ED-4701/100A-105A 100 cycles 22 0
T,= 121°C, 203kPa [2 atm], RH = 100%
IPr&ssum cooker JESD22-A102C 48 h 22 0
|High Temperature T.=1757C
1000 h
storage JEITA ED-4701/2004-201A =2 v
Low Temperature T,=-65C
|5t0rage JEITA ED-4701/200A-202A 1006h & 0
2. Stress Test
Test ltem Test Methodf Standard Test Condition sar:p[;is} F;TI:L;-D'EJ;;J
|Resistance to Dipping leads into solder bath at 260 £5°C. i0 59 o
soldar heat 1 JEITA ED-4701/301-3024, =
|Resistance to Dipping leads into solder bath at 350 £107°C. 15e 99 0
solder heat 2 JEITA ED-4701/301-3024 )
Dipping inte solder bath at 245 +5°C.
nisrabiny JEITA ED-4701/301-303A 5 22 £
0% (Smin) ~ 100°2 (5 min)
Thermal shack JEITA ED-4701/302-3078 100 ycle £2 i
Terminal strength Pull force = 20 N i0 39 B
(Pull) JEITA ED-4701/400A-401A 2
Terminal strength Bending Load = 10 N
(Bending) JEITA ED-4701/400A-401A = 2 2

# Failure criteria : According to the electrical characteristics specified by the specification.

Regarding solderability test, failure criteria is 95% or more area covered with solder.

% Sample standard:[Reliability level: 90%][Failure reliability level(A1): 10%][C=0 decision] is adoph

And the number of samples is being made 22 in accordance with single sampling inspection pla
with exponential distribution type based on MIL-STD-19500,
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5. Evaluation board for discrete SiC MOSFET

5.1 Evaluation board for 4" Gen SiC MOSFETSs (discrete)

Table 5-1 shows a list of evaluation boards released by ROHM for the 4" Gen SiC MOSFETs (discrete). The half bridge

structure is employed to evaluate the switching characteristics. Evaluations of the buck and boost topologies, including the

double pulse test, can be performed with the minimum number of external components. In addition, the switching speed can be

adjusted and the driving voltage can be changed. The gate surge protection circuit is also installed.

For more detailed information, refer to the support page for the 4" Gen SiC MOSFETs on ROHM'’s website
(https://www.rohm.com/products/sic-power-devices/sic-mosfet).

Table 5-1. List of evaluation boards for SiC MOSFET (discrete)

Device under evaluation

Appearance

Product name

TO-247N
For 4" Gen SCT4xxxxxxxxE series

P04SCT4018KE-EVK-001

TO-247-4L
For 4t Gen SCT4xxxxxxxR series

P05SCT4018KR-EVK-001
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This section explains an implementation example of the double pulse test using the evaluation boards, P04SCT4018KE-EVK-
001 and PO5SCT4018KR-EVK-001. The mounted products are SCT4036KE and SCT4036KR (1,200V, 36mQ), respectively.
Figure 5-1 shows (a) the test circuit, (b) the measurement scene, and (c) the gate drive circuit of the MOSFET.

The devices required for operating the test circuits are the control power supply (12 V), pulse generator (PG), load inductor
(250 pH), and high voltage load power supply (VHvac), as shown in (a). Since Vhvac is located at a distance from the evaluation
board, a bulk capacitor is connected in this test. A bulk capacitor is basically unnecessary because a 10 yF film capacitor is also
mounted on the evaluation board. However, we recommend connecting a bulk capacitor according to the operating conditions.

The method for sensing Vs during the measurement is explained in (b). The waveforms of MOSFET are usually observed
with an isolation or differential probe. However, since the switching speed is increased for the SiC MOSFET, the probe is more
susceptible to noise. Therefore, the connector is mounted proximate to the device and the measurement is performed with an
optical isolation probe, which is not affected by the noise from the probe. In addition, the parts indicated in red dashed lines in
(c) are the protection circuit to remove the surge generated between the gate and source of the MOSFET. The effect of this
protection circuit is also verified.

In this test, the high-side (HS) MOSFET is operated as the switching device, and a body diode is used on the low-side (LS) for
commutation. The pulse width is adjusted so that Vivac is 800 V and Ib is 55 A to 60 A approximately, and the switching

operation is observed when the device is turned ON and OFF. The waveforms are shown in Figures 5-2 and 5-3.

+12V
Power ( . )\\

PRIMERY ® | SECONDERY

Supply : I * * O\HVde
[foviel. | o DCR | | IcAP SNB

. e VEESEL | |
Vee + u|§ ’L ’L -
SGND >);" I Veel HS _.v\._ ;l;
_T Gate Power | VCQ2 ——® rel P m
o V“‘ BD7F200 DUT_HS
1 —
UVLOl —
b RCD-SNB
IN_H_CLK . uvmz HS-GADJ 3& -r
" g: VEE2 HS_GSC ‘_l
/Jn_ HS_GD ’
SGND ®
(B 1M41 v [ ourts

e uviol 1[ RCD-SNB
Generator uw.oz LS-GADJ .
LS_GSC
> VEE2 .
(+5V output) IN_L_CLK GLETR
”L_ = GND2} -
SGND v
_.._Uyloa & — LS. G
3l
Ls VEE2 '.’_'
Gate Power LS-
veesel
\ y,

(a) Block diagram of measurement circuit (PO5SCT4018KR-EVK-001)
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800V(HVdc)

Optical ™.

isolation / %ﬁ 7SN , Y
Differeptial? .~
Probe)\ N, /7" 2
(forMps)~—

(b) Measurement scene (P04SCT4018KE-EVK-001)

5 Diode for absorbing the positive surge, bypass

GND2 5 Jumper resistor to built-in Miller clamp
4 MRS capaciton,
VC023 ?3 ! gy o / C,S,,]; asi
3 160VAM
ouTt — \\ZS' o »
Mei—e M ! ® e i UALY 1005 o—ll
UN e \\ axy L o '::52 R13 3
L 052 RS6 [ Theo 2T esreovan anQ
anp2}! g | NeSAR \ oo /oo LS | 17
— o o1 il ‘ozl i'
\ (]
= i Diode for absorbing the ] "
22 negative surge
Bypass capacitor .
y{():) Gate%rive circuit Capacitor for countermeasures

against self-turn-on
Figure 5-1. P0O4SCT4018KR-EVK-001 measurement circuit

Figure 5-2 (a) shows the waveforms of Vs, (b) shows the waveforms of Vbs, and (c) shows the waveforms of Ip, where
SCT4036KE (TO-247N) and SCT4036KR (TO-247-4L) are compared. Although the Vs _ns waveforms on the switching side in
(a) have a nearly identical slew rate, the Ibo waveforms of TO-247-4L in (c) have a much faster slew rate whether the device is
turned ON or OFF. This is the effect of the driver source terminal. For more details, refer to Application Note “Improvement of
Switching Loss by Driver Source Terminal” *5.

As the protection circuit shown in Figure 4-1 (c) removes the negative surge described in Section 3.6 “Countermeasures
against negative surge”, the gate-source voltage on the non-switching side (LS) MOSFET (Ves_Ls) can satisfy the specification

for the narrow gate voltage rating unique to SiC MOSFET.
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| | DUT(TO247-4L)=SCT4036KR
| DUT(TO247-N) =SCT4036KE

| Re@m=330
\

| T0247-4L (H-side)
T0247-N_(H-side)

TN IETwER

VeslV]

M ,'A“ —— T0247-4L(L-side)
, W\ i TO247-N_(L-side)

, Il \"1 u‘ - oa ,

c_ \I A - W 3 Ao Dt ) o

O‘K‘rvT v 1‘Y‘ )rm:’,\\f\wv‘ I"%Qv‘ QVA LA A il
2

[ L] 1 U |
“ I/

0 10n Zdn 30n 40n 50n 60n 70n 80n 90n 0 10n 20n 36n 40n 56n 66n 70n 86n 96n

Time[s]
(a) Vs during turn-on/off (H-side, L-side)
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Figure 5-2 (b) shows the waveforms of Vbs. Although the slew rate of TO-247-4L is faster during turn-off, the value of surge is

increased.
1100, Turn-ON | Turn-OFE . DUT(TO247-4L)=SCT4036KR
e EEEEEN DUT(TO247-N) =SCT4036KE
1000 1061[V] <~ A
N os1vi — N\ TO247-4L

/ ‘ TO247-N —|
N S

MER\RR A

Vos[V]
’-———""-/
| et

|t

300

200

/
/
\ /l

\% |

-100

0 10n 20n 30n 40n 50n 60n 70n 80n 90n 0 10n 20n 30n 40n 50n 60n 70n 80n 90n

Time[s] (b)

Vbs during turn-on/off
Figure 5-2 (c) shows the waveforms of Ip. As described in the previous page, the slew rate of TO-247-4L is faster during

turn-on/off. Note that the values of surges are increased like Vbs.

. 61.4[A] Turn-OFF  DUT(TO247-4L)=SCT4036KR |
! — - DUT(TO247-N) =SCT4036KE -

«——56.4[A] T Reparsan

{ Turn-ON
60 ————1—|

551

a5l “ TO247-4L “
' TO247-N
40 ===
35,
|
304—

25+

Io[A]

20—

0 10n 20n 30n 40n 50n 60n 70n 80N 90N

0 10n 20n 30n 40n 50n 60n 70n 80n 90n
Time[s]

(c) Ip during turn-on/off
Figure 5-2. Comparison of switching waveforms between TO-247-4L (SCT4036KR) and TO-247N (SCT4036KE)
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Furthermore, Figure 5-3 shows the waveforms of switching losses Eon and Eoff.
In TO-247-4L, the problem of delayed switching speed due to electricity generated in the source terminal is resolved, reducing

the total switching loss by approximately 65%.

3K Turn-ON "Turn-OFF . DUT(TO247-4L)=SCT4036KR
T DUT(TO247-N) =SCT4036KE
30k Re@xm=3.3Q
T0247-4L
25k -1081[pJ]

l «—662.5[uJ] 10247-N

346.8[uJ]

F 1
L —A

20k

15k

-5k

-10Kk+

-15k

0 10n 20n 30n 40n S0n 60n 70n 80n 90n 0 10n 20n 30n 40n 50n 60n 70n 80n 90n
Time[s]

Figure 5-3. Comparison of switching losses between TO-247-4L (SCT4036KR) and TO-247N (SCT4036KE)

These results confirm that the switching loss can be reduced with the TO-247-4L package equipped with the driver source
terminal compared with the normal TO-247N. The 4" Gen SiC MOSFETSs can exhibit sufficiently excellent characteristics even in
the TO-247N package. However, it can be used as a device with even lower loss in TO-247-4L by paying attention to the

switching surge and other issues and referring to this application note to design the circuit appropriately.

6. Product lineup of 4" Gen SiC MOSFETs

For the product lineup of the 4" Gen SiC MOSFETs discrete packages, visit ROHM'’s website (the following URL)

https://www.rohm.com/products/sic-power-devices/sic-mosfet
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7. Summary

We have shown that the 4" Gen SiC MOSFETs has advantages over previous products in the low loss, usability, and high

reliability, and can solve customer design issues, such as improved system efficiency. Meanwhile, the dramatic improvement in

the switching speed requires careful considerations of the circuit design to suppress the Vs surge and the Vbs ringing during

turn-off, covering the wiring inductance as well. We expect that this application note will help you use the 4" Gen SiC MOSFETs

correctly and obtain its maximum performance.
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Notice

10)

11)

12)

13)

Notes

The information contained herein is subject to change without notice.

Before you use our Products, please contact our sales representative and verify the latest specifica-
tions :

Although ROHM is continuously working to improve product reliability and quality, semicon-
ductors can break down and malfunction due to various factors.

Therefore, in order to prevent personal injury or fire arising from failure, please take safety
measures such as complying with the derating characteristics, implementing redundant and
fire prevention designs, and utilizing backups and fail-safe procedures. ROHM shall have no
responsibility for any damages arising out of the use of our Poducts beyond the rating specified by
ROHM.

Examples of application circuits, circuit constants and any other information contained herein are
provided only to illustrate the standard usage and operations of the Products. The peripheral
conditions must be taken into account when designing circuits for mass production.

The technical information specified herein is intended only to show the typical functions of and
examples of application circuits for the Products. ROHM does not grant you, explicitly or implicitly,
any license to use or exercise intellectual property or other rights held by ROHM or any other
parties. ROHM shall have no responsibility whatsoever for any dispute arising out of the use of
such technical information.

The Products specified in this document are not designed to be radiation tolerant.

For use of our Products in applications requiring a high degree of reliability (as exemplified
below), please contact and consult with a ROHM representative : transportation equipment (i.e.
cars, ships, trains), primary communication equipment, traffic lights, fire/crime prevention, safety
equipment, medical systems, servers, solar cells, and power transmission systems.

Do not use our Products in applications requiring extremely high reliability, such as aerospace
equipment, nuclear power control systems, and submarine repeaters.

ROHM shall have no responsibility for any damages or injury arising from non-compliance with
the recommended usage conditions and specifications contained herein.

ROHM has used reasonable care to ensure the accuracy of the information contained in this
document. However, ROHM does not warrants that such information is error-free, and ROHM
shall have no responsibility for any damages arising from any inaccuracy or misprint of such
information.

Please use the Products in accordance with any applicable environmental laws and regulations,
such as the RoHS Directive. For more details, including RoHS compatibility, please contact a
ROHM sales office. ROHM shall have no responsibility for any damages or losses resulting
non-compliance with any applicable laws or regulations.

When providing our Products and technologies contained in this document to other countries,
you must abide by the procedures and provisions stipulated in all applicable export laws and
regulations, including without limitation the US Export Administration Regulations and the Foreign
Exchange and Foreign Trade Act.

This document, in part or in whole, may not be reprinted or reproduced without prior consent of
ROHM.

Thank you for your accessing to ROHM product informations.
More detail product informations and catalogs are available, please contact us.

ROHM ROHM Customer Support System

SEMICONDUCTOR

http://www.rohm.com/contact/
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