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1. Introduction

This document describes Power Master Semiconductors’ 600V super-junction MOSFET, eMOS E7 series. This new
super-junction, eMOS E7 opens the door to power converter designers for targeting high efficiency and ease of use.
The eMOS E7 enables to offer cost-effective, high performance and robust solution for AC/DC and DC/DC
applications such as PFC, and hard & soft switching topologies. This application note describes the key parameters
and benefits of 600V eMOS E7 series compared to competitor devices.

1.1. What is super-junction MOSFET?

The major contribution to Ros(on) of high-voltage MOSFET (>500V) comes from the epi layer. The portion of epi
resistance is higher for high breakdown voltage MOSFETs due to the higher resistivity or lower carrier concentration
in the epi layer. Therefore, epi resistance should be decreased for the lower Rpson)-Qs, Figure of Merit(FOM) for
high voltage MOSFETs. The super-junction technology utilizing charge balance technology is widely used for high
voltage Si MOSFETs to overcome the limit of silicon. Figure 1 shows vertical structure and electric field profile of a
conventional planar MOSFET and super-junction MOSFET. Breakdown voltage of the planar MOSFET is determined
by drift doping and its thickness. The slope of electric field distribution is proportional to drift doping. Therefore, thick
and lightly doped epi is needed to support higher breakdown voltage. Super-junction technology has long p-type
pillar structure in the body. The effect of the p-type pillars is to enable the electric field to become flat in the lightly
doped epi region.

Therefore, super-junction technology can increase breakdown voltage with same doping and epi thickness by larger
electric field area thanks to p-type pillar in figure 1. In other words, a much lower specific on-resistance can be
achieved with super-junction structures by increasing the N-drift dose while maintaining same breakdown voltage.
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Figure 1. Vertical structure and electric field profile : planar MOSFET vs super-junction MOSFET
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2. 600V eMOS Technology

High voltage super-junction MOSFET (> 500V) is widely using in many power conversion systems such as AC/DC,
DC/DC, DC/AC applications. Power Master Semiconductor introduced the 600V e MOS E7 as leading-edge super-
junction technology for targeting high efficiency, reliable and ease of use in hard and soft switching topologies.

2.1. Target Applications

As shown in figure 2, The eMOS E7 series is designed to target the world-class performance in the various
applications such as adaptors, PC powers, TV powers (LCD / LED / OLED), server / telecom powers, PV inverters,
EV chargers for DC EV charging piles and on-board chargers.
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Figure 2. 600V eMOS 7 Series - Target applications

2.2. 600V eMOS E7 — Features and Benefits

The target performance of 600V eMOS E7 series is to provide a well-balanced trade-off between switching losses
and switching spikes / oscillation by optimized parasitic capacitances without internal Re. Therefore, 600V eMOS
E7 provide more freedom to designer in selecting external Re for power conversion systems. It enables to offer high
performance, cost-effective, and robust solution with a wide range of package options. As shown in figure 3, The 600V
eMOS E7 series has highly optimized key performance for both hard-switched boost PFC switch and primary switch
of a soft switched LLC resonant topologies.
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Figure 3. eMOS’s optimized performance for both hard and soft switching topologies

The 600V eMOS E7 is an advanced Power Master Semiconductor’s super-junction MOSFET family by utilizing
charge balance technology for excellent low on-resistance and gate charge. This technology combines the benefits
of fast switching performance with lower switching noise and spikes and robustness.

Robust intrinsic body diode performance of 600V eMOS E7 provide better reliability in soft switching topologies such
as LLC resonant converters or ZVS phase-shifted full bridge converters.

Consequently, the eMOS E7 family is suitable for many applications requiring superior efficiency and higher power
density.

Key Features
+ Excellent ruggedness
* Good switching behavior for hard and soft switching.
»  Significant reduction of switching and conduction losses

Key Benefits
+ Suitable for hard and soft switching (PFC and LLC)
+ Ease of use and fast design-in through low ringing tendency and usage across PFC and PWM stages
+ Simplified thermal management due to low switching and conduction losses
+ Suitable for a wide variety of applications and power ranges

2.3. 600V eMOS E7 - Key Electrical Characteristics
The key electrical parameters of 600V e MOS is compared to those of three competitor devices (including the best
competitor). Power Master Semiconductor’s the first-generation super-junction MOSFET, 600V eMOS E7 has very

competitive performance against the latest generation of competitor’s super-junction MOSFETSs.
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Table 1 shows the key parameter comparison of Power Master Semiconductor’s 600V/180mQ) e MOS E7 and the
competitor’s the latest super-junction MOSFETs. 600V eMOS E7 shows the best avalanche capability (1as) with very
competitive FOM against the latest competitors and guarantee very high MOSFET dv/dt(100V/ns) and peak diode
recovery dv/dt(20V/ns) for better system design margin.

Table 1. Key parameter comparison of Power Master Semiconductor’s 600V/180mQ e MOS and the competitor.

Specification PMF60N180E7 | Comp. A Comp.B Comp. C
BVbss 600 V 600 V 600 V 650 V

Io 19A 18 A 20A 17 A

lom 57.0A 53.0A 60.0 A 425A
Ros(on) Max 180 mQ 180 mQ 190 mQ 190 mQ
Qo 30.2nC 25.0nC 36.0 nC 33.0nC
FOM [ RosonQc] 5.4 Q-nC 45 Q-:nC 6.8 Q-nC 6.3 Q-nC
Vtu (Min. / Max.) 2.5V /4.5V 3.0V /4.0vV 2.0V/4.0vV 2.5V /4.5V
Qrr 3.3 uC 1.3 pC 5.3 uC 4.9 uC
Internal Re 13 Q 11.0 Q 8.0 Q 0.5 Q
MOSFET dv/dt 100 V/ns 80 V/ns 50 V/ns 100 V/ns
Peak Diode Recovery dv/dt 20 Vins 50 VIns 15 V/ns 20 Vins
las @ L=12uH 19.6 A 13.6 A 13.8A 18.1A

2.4. 600V eMOS E7 — Competitor Benchmark

Figure 4 shows the 600V e MOS E7 performance position against the latest competitors. As shown in this spider
chart, 600V e MOS E7 offers very low switching losses with the best-in-class avalanche ruggedness against the
latest generation of competitor’s super-junction MOSFETs. 600V e MOS E7 has high Iom capability. Higher lom (pulse
current) capability is required for more design margin from customer side for abnormal operation test such as start-
up, AC drop out test, output short and so on. The low Qg of 600V e MOS can reduce driving loss that is critical in
light load efficiency. Thanks to excellent body diode performance (low Qrr and robust body diode ruggedness) of
600V e MOS E7 technology it is suitable for not only hard switching topologies but also soft switching topologies
such as ZVS phase-shifted full bridge or LLC resonant converters. 600V eMOS’ E7’s outstanding parameters result
in the higher system efficiency and reliability in target applications.
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Figure 4. 600Vv/180mQ e/ MOS E7 performance position against the latest competitors
(Note1: 10 is the best, 0 is the worst)

2.5. 600V eMOS E7 - Switching Characteristics

Figure 5 shows switching losses (Eon and Eorr) comparison for 600V/180mQ eMOS E7 vs competitors under same
test conditions, Vop=400V, 10=2~20A, Ves=10V, Rc=8.2Q. Switching losses of 600V eMOS E7 are reduced compared
to that of competitor’s devices. Figure 6 shows the turn-off dv/dt comparison between 600V/180mQ e MOS E7 and
competitors. 600V eMOS E7 and competitor A are very well controlling dv/dt that is limited to ~55V/ns at high current
operation. But the dv/dt of competitor B and C is linearly increased up to 95~100 V/ns at high current (Ib=20A). To
summarize, 600V e MOS E7 has well balanced switching trade-off (switching losses vs switching dv/dt) at low and
high current operation.
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Figure 5. 600Vv/180mQ e MOS E7 switching loss comparison under Vop=400V, Ip=2~20A, Ves=10V,
Re=8.2Q). at inductive load switching.

Rev. 1 — 09 August 2022 page 6 / 12 www.powermastersemi.com



AN-SM2203 600V e MOS E7 Series — Well Balanced Super Junction MOSFET Technology powERMASTER

SEMICONDUCTOR

120

100
£
> 80
—
T
T .
5 60
=
?
€ 40
5
=

20

0

2A 5A 10A 20A

=@ P\FEON180E7 == Comp. A Comp.B == Comp.C

Figure 6. 600V/180mQ e MOS E7 turn-off switching dv/dt comparison under Vpp=400V, Ip=2~20A,
Ves=10V, Re=8.2Q. at inductive load switching.

Figure 7 shows switching waveform comparison for 600V / 70mQ eMOS E7 vs the best competitor under Vpbp=400V,
Ib=15A, Ves=10V, Rc=4.7Q (color : PMWGONO70E7, white : the best competitor). The cross-over area of the
drain—source voltage and drain current, Turn-off loss of PMWE0NO70E7 (67uJ) is 20% less than the best competitor
(84uJ) at Ip=15A. Generally, switching dv/dt, di/dt is highly affected by parasitic components of packages and PCB.
High dv/dt and di/dt lead to gate oscillation that influence each other. Thanks to optimized pillar design of 600V e
MOS E7, the dv/dt of PMWG60NO70E7 (61V/ns) is 46% lower than that of the best competitor (95V/ns) at [o=15A while
reducing switching losses. Furthermore, the gate oscillation (yellow) of PMWG60ONO70E7 is much reduced compared
to the best competitor under same test board and condition. Therefore, 600V e MOS E7 has highly optimized
switching performance (switching efficiency and noise).

Figure 7. 600V / 70mQ e/ MOS E7, turn-off switching waveform comparison under Vpp=400V, Ip=15A,
Ves=10V, Re=4.7Q). at inductive load switching. (Color : PMWG60NO70E7, White : The best competitor)
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2.6. 600V eMOS E7 - Avalanche Capability

Generally, SMPS (Switching Mode Power Supply) should be designed to keep Vps below the BVpss rating, and 80%
derating is used in normal operation of SMPS. But peak Vps can exceed 100% during abnormal operation and device
can be failed avalanche breakdown mode. As shown in figure 8, when the Power MOSFET avalanches, the drain-
source voltage is clamped to its effective breakdown voltage and the current is commutated through a P-N junction
of body diode. In addition to this process, high dv/dt affects to build up more displacement current. The displacement
current is added to avalanche current and the device becomes more vulnerable to failure. Basically, the root cause

of failure is parasitic BJT trigger due to high current and temperature. Therefore, device avalanche capability is critical
under abnormal operation.

Avalanche mode
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Figure 8. MOSFET avalanche breakdown mode in SMPS
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Figure 9. 600V / 99mQ e/ MOS E7 avalanche comparison under Vpp=70V, Ves=10V, Rc=25Q and L=1mH.

Figure 9 shows avalanche capability comparison for 600V /99mQ eMOS E7 and various competitor’s super-junction
MOSFETs under Vop=70, Ves=10V, Re=25Q and L=1mH. With competitors devices(same or similar Rps(on),
avalanche breakdown failure occurs around 15~17A (average value among 5 samples) and 600V / 99mQ e MOS
E7 failed at 20.8A (average value among 10 samples) under same test condition. 600V / 99mQ e MOS E7 provides
the best-in-class avalanche capability for system reliability under abnormal operations.

2.7. 600V eMOS E7 — System Benchmark

System efficiency of 600V / 180mQ eMOS E7 is compared to 600V / 180 or 190mQ competitor devices in CCM PFC
of 500W server power supply. Operating frequency is 65kHz. As shown in figure 10, 600V eMOS E7 shows the best
efficiency at full load and balanced efficiency at light and medium load conditions. By replacing the 600V eMOS E7,
system efficiency increases about 0.13% than competitor C at light load and 0.16% than competitor B at heavy load
respectively. In figure 11, an infrared camera was used to measure device temperature. Thanks to the best
performance of 600V e MOS E7 at full load condition, temperature of 600V eMOS E7 is lower than the competitor
B by around 10 degrees. Finally, 600V eMOS E7 can maximize switching efficiency and minimize switching noise
to offer excellent system efficiency and easy to use with high ruggedness for better system reliability.
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Figure 10.
500W server power supply, Vin=110V, 60Hz

Relative efficiency comparison 600V/180mQ e MOS E7 and competitors at CCM PFC block of

Figure 11.
block of 500W server power supply, Vin=110V, 60Hz, full load.

3. Conclusion

MOSFET case temperature comparison 600V/180mQ e MOS E7 and competitors at CCM PFC

Power Master Semiconductor’s the first generation of super-junction MOSFET, 600V eMOS E7 series is designed
to target the world-class performance in the broad range of applications ranging from low power up to the high power
applications. The e MOS is well-balanced in terms of combining ease of use (e.g. low ringing) with an excellent
efficiency performance and a reasonable price. The eMOS offers outstanding performance of lower switching losses
without sacrificing switching noise, robust body diode and avalanche capability in hard-switching and soft-switching
topologies for high efficiency and high power density power conversion system.
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4. 600V eMOS Product Portfolio & Nomenclature

4.1. 600V eMOS Product Portfolio

Table 1. 600V eMOS Product Portfolio

eMOS E7 (Efficient) @ L. By &
for PFC & LLC Topologies Adaptor X Poi g ups EV Charger EX(OEE)

w-ﬂ_-ifﬂ_ PQFN88 TO-220 TO-220F TO-247 3L
Rps(oN) max

=R Y A Y &
“ /A Vs 7

PMW60NO28E7(-A)
40mQ PMW60NO40E7(-A)
70mQ PMW60NO70E7(-A)
99mQ *PMLBON105E7(-A) PMPEONO99E7(-A)  PMFGONO99E7(-A)  PMWBONO99ET(-A)
120mQ

PMOB0N180E7(-A) PMPBON180E7(-A)  PMFBON180E7(-A)

PMOB0ON280E7(-A) PMD60N280ET(-A) PMPBON280E7(-A)  PMFBON280E7(-A)

PMO60N380E7(-A) PMD60N380E7(-A) PMP60N380E7(-A)  PMF60N380E7(-A)

PMOB0ONG00ET7(-A) PMD60NB00ET(-A) PMFB60NBGOOE7(-A)

* Coming soon
(-A : Automotive Grade)

For more product information, please visit https://www.powermastersemi.com

4.2. Nomenclature
Device part number contains a lot of information such as technology, package, voltage rating and generation, etc.
Figure 12 shows Power Master Semiconductor’s super-junction MOSFET, eMOS nomenclature

PMPG6ONI180E7Z-A

_|_—> MOSFET / Grade

+ - A Automotive Grade
= None : Industrial Grade

oo

Switching Characteristic

+ E : Efficient + F:FRFET

= H: High Efficiency

g Rosom Max [mQ]
g4 Channel Polarity
g Voltage Rating ( x10)

Package

*ATO-3P + FW : Wide pitch U I-PAK

+B : D2-PAK +1:12-PAK *W:TO-247
+D - D-PAK +L : PQFN88 =7 TO-247 4L
-E: ISOTOP =N :S50T-223 =5 PQFN5S6
+F - TO-220F +P:T0O-220 * O - Wafer

+FN - Narrow lead «T:TOLL

4 Super Junction MOSFET Technology
g4 PMS Semiconductor

Figure 12.  eMOS nomenclature scheme
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5. Document Revision History

Major changes since the last version

Date Description of change

09-Aug-2022 First Release

Important Notice

Power Master Semiconductor reserves the right to make changes to the information in this document and related
Product without notice.

» This document and any information herein may not be reproduced without prior written permission from
Power Master Semiconductor

e This document is subject to change without notice.

« The products described herein and this document are subject to specific disclaimers

» Though Power Master Semiconductor works continually to improve quality and reliability, product can
malfunction or fail. Customers are responsible for complying with safety standards and for providing
adequate designs and safeguards for their systems.

« Customers are solely responsible for all aspects of their own product design or applications, including but
not limited to determining the appropriateness of the use of this product, determining the applicability of any
information contained in this document.

Power Master Semiconductor — All rights reserved
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