Application Note

Super Junction MOSFET series

Double-pulse test substantiated advantages
of PrestoMOSTM
Inverters and Totem pole type PFC (Power Factor Correction) include more than two transistors. In this circuits, short-circuit current
penetrating through high and low arms deteriorates turn-on losses in some cases. How this event behaves is heavily affected by the
recovery characteristics of a diode (body diode) parasitic to the transistor that is not driven, and therefore you must choose transistors
with body diodes having excellent recovery features in a bridge circuit topology. The PrestoMOSTM series ROHM are most suitable for
bridge circuits, because the transistors in the series are equipped with body diodes whose recovery attributes are top-level in this
application filed. This application note describes how excellent the switching and recovery behaviors of PrestoMOS TM by using the
double-pulse-test results of the series.

Double-pulse test
Double-pulse test is widely and commonly used to evaluate the characteristics of switching devices such as the super junction
MOSFET (SJMOS) and the insulated gate bipolar transistor (IGBT). This measurement is capable of providing not only the switching
characteristics of devices under test but also the recovery features of the transistor-parasitic body diodes and of the fast recovery
diode (FRD) commonly used with IGBTs. Thus this test is very useful for estimating circuit losses caused by the recovery that happens
when the switching devices used in the circuits turn on. This application note describes the switching and recovery features of
PrestoMOSTM SJMOS equipped with high-speed recovery body diodes, which features are measured by double-pulse test.
The basic circuit topology of the double-pulse test is depicted in Figure 1.

Figure 1. The schematic of the double-pulse test.
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Figure 2 shows the 3 major categories of the basic operation of the double-pulse test. Here Q1 in Figure 1 is free-wheel MOSFET,
while Q2 is the driven-side MOSFET. In this figure, VPulse, IL, VDS_L, ID_L denote pulse-generator voltage, the current flowing through
L1, the drain-source voltage of Q2, the drain-current of Q2, respectively.

Figure 2. Three major categories of the operation in double-pulse test

In category (III), the red-line in ID_L is short-circuit current at the timing of Q2 turning on. This is caused by the recovery of the body
diode in Q1. When body diodes transition from ON to OFF, the body diodes must throw out the charge storing during their on-state. If
Qrr, Irr, and Pd_L denote here the amount of these charges, the peak of the current during emitting the charges, and the power loss of
Q2, respectively, the ON transition of Q2 can be exhibited in Figure 3. The area of the filled triangles delineated by ID_L curves
corresponds to Qrr, and the height of the triangles Irr.

Figure 3. Depiction of ON transition of Q2 in the category-(III) domain.
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Generally speaking, as can be seen in Figure 3, the turn-on related power loss of Q2 increases if the recovery characteristic of the
body diode of Q1 is not good, or large Qrr. Therefore, in applications in which free-wheeling currents flow like inverters and Totem Pole
PFC, you must choose transistors with their body diodes equipped with excellent recovery features. PrestoMOSTM has the top-level
recovery and switching attributes in this industry, and thereby power applications such as inverters and Totem Pole PFC can achieve
very low switching losses.

Results of double-pulse test
The double-pulse test is performed to confirm the recovery characteristics of a several SJMOS’s. For PrestoMOSTM and
conventional SJMOS without high-speed recovery characteristics, the waveforms of ID_L in category-(III) operation are shown in
Figure 4, while Eon_L, turn-on loss, are shown as the curves in Figure 5. For all cases, both Q1 and Q2 are replaced.

Figure 4. Observed waveforms for ID_L of PrestoMOSTM and conventional SJMOS’s.

Figure 5. Observed waveforms for Eon_L of PrestoMOSTM and conventional SJMOS’s.

As can be seen in Figure 4 and 5, larger Qrr of Q1 leads to larger switching loss. However, turn-on losses worsen in some cases
even if SJMOS with high-speed recovery are used. For example, we take the case that self-turn-on is the cause of large losses.
Whether the self-turn-on happens or not is determined by the ratio of the gate-drain capacitance Cgd_H and the gate-source
capacitance Cgs_H of Q1. PrestoMOSTM has the optimized capacitance ratio to inhibit self-turn-on, as detailed in the next section.
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In addition, PrestoMOSTM and some competitors’ SJMOS’s are evaluated under the same measurement conditions as used for
Figure 4 and 5 in the double-pulse test. The waveforms of these ID_L, EON_L gate-source voltage VGS_H of Q1 are compared in
Figure6, 7, and 8, respectively. As clearly shown in Figure 6, Qrr and Irr of the body diode of PrestoMOSTM leads to a low peak height
of ID_L. As a result of which, EON_L is the smallest for PrestoMOSTM as can be seen in Figure 7. Furthermore, as shown in Figure 8,
an unintentional increase in Vgs_H is small for PrestoMOSTM, which is very effective to inhibit self-turn-on. This sufficiently hampers
short-circuit current, and therefore EON_L can be reduced more than reference devices.

Figure 6. Observed waveforms for ID_L of SJMOS with high-speed recovery.

Figure 7. Observed waveforms for Eon_L of SJMOS with high-speed recovery.

Figure 8. Observed waveforms of VGS_H of SJMOS with high-speed recovery.
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The mechanism of self-turn-on
In the transition from category-(II) to (III) as defined in Figure 2, the drain-source voltage (VDS_H) of Q1 steeply changes from 0 to Vi
(V). This generates the time-derivative of dVDS_H/dt, which charges Cgd_H and Cgs_H. In the equivalent circuit of a MOSFET, Cgd_H and
Cgs_H is serially connected, and thereby the ratio of these capacitances determines VGS_H by VGS_H＝VDS_H×{1+(Cgs_H/Cgd_H)}-1. If this
VGS_H goes over the threshold voltage of a MOSFET, the MOSFET unintentionally turns on, which is self-turn-on, and thus short-circuit
current penetrates through both arms. Figure 9 shows the current generated by the recovery of the body diodes and also the one
created by self-turn-on.

Figure 9. The paths of the currents generated by the recovery and self-turn-on (Rg_H: gate resistance for Q1, Cds_H: Drain-source
capacitance of Q1)

Bridge circuits such as inverters and Totem Pole PFC includes the serial connection of transistors, and thus turn-on losses often
increase by the currents generated not only by the recovery of body diodes but also by short-circuit. PrestoMOSTM has the device
structure optimized for the excellent recovery features of body diodes and inhibiting self-turn-on through the appropriately designed
capacitance ratios.

Summary
・The recovery characteristics of switching devices play an important role in bridge topology circuits such as inverters and Totem Pole
PFC.
・PrestoMOSTM is capable of realizing high power conversion efficiency and the lowest power loss in bridge circuits than the SJMOS
with high-speed recovery provided by other sources, because the SJMOS series of ROHM shows excellent recovery features and
has the structure to inhibit self-turn-on.
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Notice

Notes
1) The information contained herein is subject to change without notice.
2) Before you use our Products, please contact our sales representative and verify the latest specifications :
3) Although ROHM is continuously working to improve product reliability and quality, semiconductors 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.
4) 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.
5) 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.
6) The Products specified in this document are not designed to be radiation tolerant.
7) 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.
8) Do not use our Products in applications requiring extremely high reliability, such as aerospace
equipment, nuclear power control systems, and submarine repeaters.
9) ROHM shall have no responsibility for any damages or injury arising from non-compliance with
the recommended usage conditions and specifications contained herein.
10) ROHM has used reasonable care to ensurH 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.
11) 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.
12) 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.
13) This document, in part or in whole, may not be reprinted or reproduced without prior consent of
ROHM.
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