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CoolMOS™ 8 600 V MOSFET

The latest generation of silicon (Si) MOSFETs

About this document

Scope and purpose

This document describes the differences between the earlier generation of CoolIMOS™ 7 600 V MOSFETs and the
latest CoolMOS™ 8 600 V silicon (Si) MOSFETs from Infineon.

This application note includes various technology parameters and discusses the latest developments, as well
as the most significant additional benefits for designers. Finally, the document provides benchmarking against
many other available Si MOSFET vendors in the targeted topologies.

Intended audience

The intended audiences for this document are design engineers, technicians, and developers of electronic
systems.
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1 Introduction

Infineon's latest CoolMOS™ 8, with 600 V breakdown voltage, is leading the way in high-voltage superjunction
(SJ) MOSFET technology worldwide, setting the standard for both technology and price performance on a
global scale. It also enables cost-effective Si-based solutions, enhancing Infineon’s high-voltage wide bandgap
offerings.

The CoolMOS™ 8 series is equipped with an integrated fast body diode, making it suitable for a wide range of
applications. This new series is an enhancement of Infineon’s existing wide band gap offering and the successor
of the CoolMOS™ 7 600 V MOSFET family, which includes P7, S7, CFD7, C7, G7, and PFD7.

CoolMOS™ 8 SJ MOSFET offers a reduced gate charge (Qg) of 28% over CFD7, a 33% reduction over P7 at 10V,
and a 48% lower Coss than CFD7 and P7 at 400 V. Its Coss stored energy (Eos) is further improved by 15% over
CFD7 and P7, with the reverse recovery charge (Q«) being 22% lower than CFD7, having the lowest reverse
recovery time (t.) in the market. The Ry thermal performance shows a 30% improvement compared to the
previous generation. These values can differ depending on the Rpsion)’s and packages.

Due to these features, CooIMOS™ 8 SJ MOSFETSs offer the highest efficiency and best-in-class reliability in soft
switching topologies such as LLC and ZVS phase-shift full-bridge. Additionally, it offers an outstanding level of
performance in PFC and other hard-switching topologies.

In addition, the CoolMOS™ 8 600 V SJ MOSFETSs enable higher power density. Thanks to our best-in-class Roson)
products down to a single digit of 7 mQ within a Si based SJ technology. The innovative SMD QDPAK, TOLL, and
ThinTOLL 8x8 package offerings simplifies the designing process and reduces assembly cost.

1.1 Positioning in comparison to predecessors

The CoolMOS™ 8 600 V MOSFETSs offers best-in-class Rysn * A and Eqss values, as well as better Ryg o
overtemperature behavior. This leads to increased performance and the new package solutions make it
possible to achieve higher power densities, compared to CoolMOS™ 7 600 V series products. CoolMOS™ 8
combines the best features of all CoolMOS™ 7 series products, making it a one-for-all solution that simplifies
the overall portfolio. This is especially beneficial for the economy of scale, ease of manufacturing, and
simplified part selection.

Efficiency
Ringing / Ease of use C;L:;etg::;n
—C7
CFD7
Cosmic Radiation Power Density P7
S7
lowest Rdson Portfolio granularity
Figure 1 Positioning of the CoolMOS™ 8 600 V against its predecessors
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1.2 Portfolio

CoolMOS™ 8 600 V MOSFETSs features a wide range of products and packages fitting each requirement (see
Figure 2). They are equipped with a fast body diode across the whole portfolio. Thus, the portfolio currently
includes the products shown in Figure 2, and will be expanded to include new packages and a range of Roson)
values.

SMD packages THD packages

QDPAK ThinTOLL " . TO 220
DDPAK TOLL DPAK TO 247-3 TO 247-4 TO 220 EP NL
RDS(nn},mm

Moy 780 e » & & & &

“ IPDDEOR120CME  IPTEOR120CME  IPTAGOR180CME2  IPDEOR120CME IPPGOR180CMS8  IPANGOR1230CME

37 IPDQE0RO3ITCME IPDDBOR0OITCMSE  IPTBOR0ITCMS IPWG0R037CME  IPZAGORO37CMS&  IPPGOR0O3TCMS

IPDQGORO16CMS IFT60R016CME IPWG0R016CME  IPZAGOR016CME  IPPGOR0O16CMS

Samples are available More to come!

Figure 2 CoolMOS™ 8 600 V MOSFET portfolio
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2 Technology parameters

This section compares the key technology parameters of the CoolMOS™ 8 600 V (IPW60R037CM8) with the
CoolMOS™ CFD7 600 V (IPW60R040CFD7) and other vendor devices with Rosion),max ranging from 37 mQ and
TO247-3 package. Although this comparison is valid for other Ry, ranges, the values of the parametric results
may vary depending on the package, and characterization conditions.

2.1 Rps(on) OVEr junction temperature

In the device datasheets, the typical Ry, value is represented at 25°C and 150°C junction temperature.
Usually, the devices operate at junction temperatures within this range. Therefore, it is necessary to know the
Rosion Value within this temperature range. The Ry, sShows a positive temperature coefficient, which results in
an increased Ry, value at higher temperatures. As shown in Figure 3, the X-axis is the junction temperature,
and the Y-axis is the 25°C normalized Ry, value. From Figure 4, it is evident that the Ry, increase over
junction temperature is improved for CoolMOS™ 8 600 V series and shows better performance over

CoolMOS™ 7 600 V series and other vendor devices, especially at higher temperatures.

2.5

1:5 //

RDS(on) 1.0 —
normalized —CM8
0.5
= CFD7
0.0
-50 0 50 100 150
Ti [°C]
Figure 3 Normalized Ry, OVer junction temperature
2.4
2.2
R
DS(on) 20

normalized
@150°C 18

CM8 CFD7 Vendor C Vendor A Vendor B

Figure 4 Comparison of datasheet values: Normalized Ry ,,, over junction temperature at 150°C
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2.2 Output capacitance (C,)

The output capacitance (C,) is an indicator of the existing switching losses in the device, including the E .
Figure 5 shows a comparative analysis of C. at 400 V for the CooIMOS™ 8 and 7 series, along with other vendor
devices. The C, of the CoolIMOS™ 8 device is significantly lowered by 48% compared to previous CoolMOS™
generations and other vendor devices.

125

100

75

COSS
[pF]

CM8 Vendor A CFD7 Vendor B Vendor C

Figure 5 Comparison of datasheet values: Output capacitance at 400 V

Figure 6 shows a comparison of E,., between CoolMOS™ 8, CoolMOS™ 7, and vendor devices. At 400 V, the E, of
CoolMOS™ 8 is reduced by 15% compared to all other devices.

20
15
Eoss 10
wl
0
CM8 CFD7 Vendor B Vendor C Vendor A
Figure 6 Comparison of datasheet values: C_ stored energy at 400 V
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2.3 Gate charge (Q,)

The gate charge (Q,) has a significant impact on the driving losses and the switching behavior, affecting the
efficiency during light-load operation or increased switching frequency. In Figure 7, the gate charge of
CoolMOS™ 8 is reduced by 28% compared to the former CooIMOS™ CFD7. Due to this behavior, CoolMOS™ 8 can
support even higher switching frequencies, and allows for increased power density by reducing the size of
passive components.

125

100

75

Q,
[nC]

50

25

0

CMS8 Vendor A CFD7 Vendor B Vendor C

Figure 7 Comparison of datasheet values: Gate charge at10V

2.4 Diode characteristics

Generally, repetitive hard commutation at a high application-switching frequency is not recommended for any
SJ MOSFET. But, it is unavoidable in certain operating conditions at least for a short period of time. Therefore,
the reduced reverse recovery benefits of a fast diode results in much lower power dissipation during these
events against other vendors, especially against non-fast-diode solutions. Figure 8 shows the characteristic
diode recovery waveform and the points where the characterization measurements are taken for CoolMOS™ 8
devices.

V14

VDS(peak) - VDS
VDS 4 L ettt
' 90 % VDS
[
07 dv/dt
Ie g !

!
Liowy
7 o Vps Ie t

T 0%

dl, /dt

Figure 8 Diode recovery waveform
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Figure 9 Comparison of datasheet values: Diode characteristics, Q,, and t,,

Figure 9 shows a comparison of Q,, and t.. between CoolMOS™ 8 and CFD7, and other vendor devices. It is
evident that the body diode behavior of CoolIMOS™ 8 shows a substantial improvement over the compared
devices. Specifically, the CooIMOS™ 8 device exhibits a 22% improvement in Q,,and a 16% in t,,.

Application note 8 V1.0
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2.5 Transfer characteristics

Due to its increased threshold voltage compared to CoolMOS™ 7, CoolMOS™ 8 requires a slightly higher
gate- source voltage to carry the full current. However, at typical driving voltages used in applications (>10V),
CoolMOS™ 8 can carry more current than CoolMOS™ 7 (see Figure 10).

400

300 f/JC
Transfer- 200
characteristic //
@25°C 100 cM8

= CFD7

Ip [A]

Ve [V]

Figure 10 Transfer characteristics
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3 Applications

infineon

CoolMOS™ 8 600 V MOSFETSs enables the usage of one Si MOSFET family across all main topologies and
applications, addressing existing and growing market demands. This chapter includes application examples as
well as performed application tests.

3.1

Application examples

Figure 11 shows various application examples where the latest CoolMOS™ 8 600 V can be used. CoolMOS™ 8 is a
versatile device, offering the best price-to-performance ratio. It is available in various SMD packages that can
help reduce the assembly cost. Figure 11 shows a typical LLC application both in half- and full-bridge
configuration. Figure 12 shows a totem-pole PFC where CoolMOS™ 8 can be used in combination with CoolSiC™

or CoolGaN™.
HB LLC FB LLC Application System Package Rpsion) Fange
] Power
Lt S Server SMPS 1 kW = 3 kW (or TOLL, TO-247, 40-70 mQ
> more with QDPAK
v interleaving)
; [T | Telecom SMPS 500 W = 3 kW TOLL, TO-247, 20-70 mQ
el }
(or more with QDPAK
o M s2 — interleaving)
- EV charging 7 kW = 50 kW TO-247, QDPAK, 7-37 mQ
DS’ (stacked / TOLL
multilevel and
m interleaving)
W Industrial SMPS, LEV, 0.8 KW = 8 kW TOLL, TOLT, 7-95 mQ
EE battery formation, TO-247, 70220,
industrial automation QDPAK

$1, 82, 83, 82

CoolSiC™ MOSFET 650 V
CoolGaN™ HEMT 600 V /650 V
CoolMOS™ 8

Gate Driver ICs

EiceDRIVER™ 2EDR9259Y
EiceDRIVER™ 2EDF9275F

CoolMOS™ 8 value proposition

— Best price performance with CoolMOS™ 8

— One stop shop full

— Broad SMD package offering to enable assembly cost reduction

Figure 11 CoolMOS™ 8 in LLC converter
Application System Package Rps(on) range
Power
i Server SMPS 1 kW => 3 kW (or TOLL, TO-247, 16-180 mQ
more with QDPAK
interleaving)
tie fier T T Telecom SMPS 500 W = 3 kW TOLL, TO-247, 16-99 mQ
[l (or more with QDPAK
interleaving)
Industrial SMPS, LEV, 0.8 kKW > 8 kW TOLL, TO-247, 7-95 mQ
1E battery formation, QDPAK, T0-220
industrial automation
@ Solar microinverters 0.8 kKW = 1.6 kW TOLL, QDPAK 50-70 mQ
.
RAC PFC 1kW > 4 kW TOLL, 40-99 mQ
TO-247, QDPAK
$1, 82 — CoolSiIC™ MOSFET 650 V
— CoolGaN™ HEMT 600 V / 650 V
CoolMOS™ 8 value proposition
S3, s4 — CoolMOS™ 8 ) ) __ )
— Best price performance with the combination of CooSiC™ 650V G2 and CoolMOS™ 8
— One stop shop full Totem Pole solution
Gate Driver ICs — EiceDRIVER™ 2EDB9253Y — Broad SMD package offering to enable assembly cost reduction
— EiceDRIVER™ 2EDF9275F

Figure 12

Application note
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CoolMOS™ 8 combined with CoolSiC™ and CoolGaN™ in totem-pole PFC
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The combination of CooIMOS™ 8 and CoolSiC™ benefits inverter applications by further improving the price
performance ratio (see Figure 13).

psonvin-| bcconven-| Application System Package Rps(on)
[ I r Power range
s1 =,
T m B
B — ¥ EV charging including Up to 22kW TO-247, QDPAK, 7-180 mQ
T b | : : | D9 LEV, MicroV, Folkiit, TOLL
. A g u A Wireless, eBike
_@ = 1 [ Residential Solar and Up to 7kW TO-247, QDPAK  16-180 mQ
| ) W ! @ ESS TOLL
O =
LD
-/ s3
o - B - B
+ | | —
sS4 — —
.
|
S2, 83 — 650 V CoolSiC™ MOSFET
CoolMOS™ 8 value proposition
S1,84 — CoolMOS™ 8
— Best possible system level power density with Si solution on the market today
Gate Driver ICs — EiceDRIVER™ 2EDB9259Y — Available in TSC SMD to enable assembly cost reduction
— EiceDRIVER™ 2EDF9275F

Figure 13 CoolMOS™ 8 combined with CoolSiC™ in bidirectional three level inverter

As CoolMOS™ 8 exhibits a very low Rpson) value of 7 mQ, it is suitable for the growing market of solid-state relay
applications, offering a cost-optimized alternative to CoolSiC™ (Figure 14). Compared to mechanical relays,
solid-state relays switch faster, do not have contact arching or bouncing and therefore have a longer system
lifetime. Additionally, they are designed to withstand shocks and vibrations, ensuring a quite operation.

P N
s ke i) |
A ‘ ) Ay
l ~®
3
-
® = = 5 0 CoolMOS ™38
@ H[} ) 00
i ‘ (B CoolSIC™
k| ___,g____,; 71 QDPAK, DDPAK, <37 mQ
P’ N

Figure 14 CoolMOS™ 8 in solid state relay applications

For more information, see High-voltage solid-state power distribution.

Application note 11 V1.0
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3.2 Application measurements

This section benchmarks the performance of CoolIMOS™ 8 600 V with CoolMOS™ 7 600 V series and other latest
silicon MOSFET devices from various vendors.

3.2.1 Efficiency comparisonina 3.3 kWLLC

Figure 15 shows the efficiency comparison between IPW60R037CM8 and IPW60R040CFD7, as well as the latest
vendor devices of the same Ry, range featuring a fast body diode. The comparison studies are performed
using Infineon’s 3.3 kW LLC evaluation board, representing a soft-switching application. When comparing the
peak efficiency, CoolMOS™ 8 shows an improvement in efficiency by 0.04% over CoolMOS™ CFD7, and it is well
ahead of other vendors by 0.05% to 0.11%. Table 1 shows the measurement conditions used for this test. Each
part has been optimized to achieve optimal performance.

\

AEFF[%]
/

02 —CM8 ——CFD7 Vendor A
— =Vendor B -===Vendor C
-0.3 T T T T T )
500 1000 1500 2000 2500 3000 3500
P[W]
Figure 15 Efficiency comparison in Infineon 3.3 kW LLC Evaluation Board (order code:
EVAL_3K3W_LLC_HB_CFD7)
Table1l LLC measurement conditions
Device Rg,on [Q] Rg,off [Q] Min. dead-time [ns] Max. dead-time [ns]
IPW60R0O37CM8 5 2 350 550
IPW60R0O40CFD7 3 1 375 500
Vendor A 3 0 3375 625
Vendor B 3 1 400 675
Vendor C 3 1 387.5 650
Application note 12 V1.0
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3.2.2 Efficiency comparison in a 2.5kW CCM PFC

Figure 16 shows the comparison of IPW60R037CM8 and IPW60R040CFD7, including the latest vendor devices of
the same Ry, range and with a fast body diode feature. For this purpose, two measurements with a MOSFET
switching frequency of 80 kHz have been performed using Infineon’s 2.5 kW CCM PFC evaluation board. One of
the measurements is conducted at 230 Vac / 50 Hz input voltage, and the other is performed at 90 Vac/60 Hz. For
all measured devices, the same R, g, (= Rgine+ Rgex) Of 7 Q has been used.

High Line (230 V,() Low Line (90 V,()
0.1 0.2
0 ——— — 0  e———— L —
— 0.2 — S
p— —_— —
¥ -0.1 X ~
L [ loccmmmemmmmeme=meT R —————
0.2 L L Y =
< e -0.6 =
-0.3 —CM8 — CFD7 Vendor A 0.8 — CM8 —— CFD7 Vendor A
—— =Vendor B === Vendor C —— =Vendor B ===-Vendor C
‘0.4 T T T 1 -1 T T T
200 700 1200 1700 2200 100 300 500 700 900 1100
PIW] P[W]

Figure 16 Efficiency comparison in a 2.5 kW CCM PFC at 80 kHz (order code: EVAL_2K5W_CCM_4P_V3)

CoolMOS™ 8 shows a performance improvement over CoolMOS™ CFD7 and other vendors, especially in the
low-line measurement, where the stress on the devices is larger compared to the high-line measurement.

Figure 17 shows the efficiency comparison between IPW60R016CM8, IPW60R018CFD7, and IPW60R017C7 at
130 kHz MOSFET switching frequency, conducted using the same test platform. It is evident that the
performance difference between the CoolMOS™ 7 and CoolMOS™ 8 devices get even larger (>0.05% at low-line,
>0.1% high-Line) at higher switching frequency. The increased performance of CoolMOS™ 8 over the
CoolMOS™ 7 series is due to the reduced switching losses, which become more dominant at high switching
frequencies. For all measured devices used in this comparison, the same R, ¢, (= Rgint* Rgext) 0f 5 Q has been

used.
High Line (230 V,() Low Line (90 V,()
0.1 0.1
0
0
_ I 01
& ——— = ———" T~
T 0.1 = i 0.2 ~
v, e e P -~ ~
<] re < s
s -0.3
-0.4 .
——CM8 ——CFD7 — —C7 / —— (M8 ——CFD7 — —C7
-0.3 . - . ‘ -0.5 . . . -
200 700 1200 1700 2200 100 300 500 700 900 1100
P[W] P[W]

Figure 17 Efficiency comparison in a 2.5 kW CCM PFC at 130 kHz (order code:
EVAL_2K5W_CCM_4P_V3)
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3.2.3 Ease-of-use testing (ringing)

Figure 18 shows the gate ringing oscillations of CoolMOS™ 8 600 V (IPP60R180CM8) in comparison with
CoolMOS™ P7 600 V (IPP60R180PT). The Ves peak is measured using a typical PFC stage with a 5 pF capacitive
coupling between the gate and drain to emulate the parasitic capacitance of the PCB, while continuously
increasing the switched drain current. The layout parasitic capacitance can be a source of noise on the gate
switching waveforms, especially with increasing load current. In the measurements, CoolMOS™ 8 and
CoolMOS™ P7 show an excellent gate switching waveform even with reduced the reduced Qg of CooIMOS™ 8.
This provides plenty of margin before reaching the +30 V gate ringing specification limit within normal
operation current levels. For both parts an Ry, (= Ryjne+ Ryex) Of 15 Q has been used. The measurements were
carried out up to a current of 18 A, which is the maximum continuous current specified in the datasheet, covering
all application relevant working points.

IPP60R180CM8 IPP60R180P7
mﬂsn-lﬂ-lllll. uln:-wlumlq_
Y SRERIRIRRRINIRInt 'S i-v-gpul;l.-. VDS.VGS_ _ID
+30V Vg limit
e o o e e e RSN
A g 27V

Figure 18 Ringing comparison of 180 mQ devices with 15 QR ,,,and 5 pF external C

Figure 19 shows another comparison between CoolMOS™ 8 600 V (IPW60R016CM8) and CoolMOS™ CFD7 600 V
(IPW60R018CFD7) with a lower Ry . With a relatively low Ry ¢ (= Ry int+ Rge) Of 5 Q, both devices stay within
the £30 V gate ringing specification limit even at the highest currents, up to 90 A. However, it is visible that
CoolMOS™ 8 has slightly more ringing at high currents compared to CooIMOS™ CFD7. This can be mitigated by a
minor increase in the external gate resistor.

IPW60R016CM8 IPW60R018CFD7
m--nnb‘huﬂ-\‘nh“ﬁl_ ;-npp-.rnnrnrﬂ"ﬁf
i | 1 | & 1 | ; | | | ‘ f
@ -d-dwuu‘»-)bd‘-f-——buu‘ : | & -J;d-d-dd-:u-‘u"“;“h
e AAAARAANNA ameme NANARAAAAIAN,
.................................... V.......................‘...........u..............................................................v........'........ VDS 0 VGS ID +4d.
+30V Vg limit
3%2:‘ psrpor ’ e e Baw/ :
Figure 19 Ringing comparison of 16 mQ devices with 5 Q R, ,,,, and 5 pF external C,,
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4 Package innovations

This chapter introduces the new ThinTOLL package and highlights the advantages of using top-side-cooled
packages.

4.1 Top-side-cooled packages

The last decade of SMPS development was dominated by the trend towards higher power density and cost
optimization. Fastest switching, highest efficiency, and optimized board space at minimized total cost of
ownership (TCO) are among the critical on-going challenges faced by power supply designers. Until now, the
most common packages on the market were the well-established through-hole devices (THDs), such as TO-220
and TO-247. Owing to the steadily increasing requirements in the semiconductor market, there is a growing
trend towards using SMD packaged devices, as they support faster switching speeds and reduced parasitic
inductance. For these reasons, SMD packaged devices are preferred over THD packages. Despite its advantages,
they still pose a significant challenge regarding cooling. To push these boundaries, Infineon, in 2023, has
successfully registered its QDPAK and DDPAK top-side cooling packages, which are ideal for high-voltage
MOSFETs as a JEDEC standard.

Ml o”°

|||| ool N I8NV LR ‘@

Telecom / Industrial robots
L4 . 7‘,”‘

E

Server Upto 10 W

&

On-board
charger

Hi
TE)

=V

I

Solar Aa [ ] :.‘

11| R i
Active cooling area: 125 mm’

Active cooling area: 50 mm’*

o AN

PC power SsCB

Figure 20 DDPAK and QDPAK TSC packages

4.2 Advantages of top-side-cooled packages

The well-established THD like TO220 or TO247 are coming to their end in terms of power capabilities and
supporting the trend towards increased power densities in the end application.

With the TSC package, it is possible to decouple the heat transfer between PCB and package on the bottom
side, while adding flexibility in terms of cooling. It is also possible to mount a heatsink on top, or the package
can be mounted towards a housing for an additional cooling area.
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I I I I I I SMD with Reverse Bending
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Figure 21 THD vs TSC package mounting

The thermal decoupling between PCB and package enables lower PCB temperature (approximately 10 °C) at
the same power dissipation when comparing a TSC package with a standard SMD package, such as TOLL. In
many applications, the PCB material limits the maximum allowed temperature, typically around 110°C for FR4.
Lowering the temperature by 10°C via thermal decoupling, is beneficial for the system’s lifetime and it allows
for the power dissipation due to the additional headroom.

On the whole, the usage of top-side-cooled SMD packages enables a new approach towards smaller form
factors, increased power density, and improved thermal management.

4.2.1 Mounting of top-side-cooled packages

Infineon’s top-side-cooled packages offer a solderable top side, where a heatsink can be directly soldered to
the package. For this, it needs to be taken to account that the top-side of the package is notisolated. The
heatsink can also be mounted using push pins and a gap filler between heatsink and package. Another
possibility to mount the parts is using a daughter card directly to the heatsink. This can be done with screws,
clips, or bond ply, which is a special type of sticky thermal interface material. All the mounting methods are
summarized in the following figure. For more information, see the References section and the QDPAK/DDPAK
packages.

Heatsink on package with soldering Heatsink on PCB with push-pins Heatsink on PCB with screws

I )
Solderable top side 4 Push-pins ﬂ,
— T-shaped heatsink Heatsink
recommended 1 1
&y

Daughter card screwed
down onto PCB

Homogeneous cooling
ensured via correct foil
thickness

- Additional isolation

Packages

Heatsink on PCB with clips Bond ply as isolation Isolation foil and gap filler

Clips with special Bond ply Height dlffere.nce conllpensatmn
Isolation material
down force Pressure-sensitive

— Number of components adhesive tape Gap filler

- PCB thickness 4

— Component height 1 Heat Sink

— TIM performance ) I- "" nclatonfod T 1

High bond strength o i U
| PCB

Figure 22 Mounting possibilities of TSC packages
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4.3 The new ThinTOLL (former ThinPAK)

Infineon introduces the new ThinTOLL 8x8 package as the follower of the ThinPAK 8x8. Compared to the
ThinPAK 8x8, ThinTOLL 8x8 has several advantages such as enabling visual solder inspections, Pb free, and
MSL1 compliancy, improved Z, (same Ry.c), as well as keeping the same footprint and pinout enabling second
source capability.

Additionally, the temperature cycling on board (TCoB) is improved by a factor of four making the package more
reliable. However, the ThinTOLL 8x8 package is slightly higher than the ThinPAK 8x8 (1.5 mm vs. 1 mm), but this
is no blocking point for most applications. Figure 23 shows the package outlines of ThinTOLL 8x8, and Figure 24
shows the difference between ThinTOLL and ThinPAK 8x8.

o 6% PG-LHSOF-4-U01
NS MILLIMETERS

MIN. MAX.

A 1.40 160

b 0.90 1.10

b1 7.46 7.66
042 0.50

c 0.40 0.60

D 6.59 6.99

D1 2.30

E 7.80 8.20

E1 6.66

E2 7.56

e 2.00

N 4

H 7.80 8.20

H1 430

H2 257

H3 165

L 050 | 100

L1 051

L2 023

L3 050 | 090

Figure 23 ThinTOLL 8x8 package (PG-LHSOF-4)

Width - 8mm
Length - 8mm

I . f 2.7mm f
’ creepage distance 1 2.7mm

Height - 1.5mm creepage distance

Width - 8mm

ingg,,

Length - 8mm

Height - 1mm

Figure 24 ThinTOLL 8x8 vs. ThinPAK 8x8
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Figure 25 ThinTOLL 8x8 soldered on PCB

As shown in Figure 25, an optical solder inspection can be performed easily on the leads of the ThinTOLL 8x8
package. Besides this, the ThinTOLL 8x8 can be mounted using reflow or wave soldering.

Therefore, the new package innovation simplifies design-in and allows for high-scale mass production, while
also improving qualitative advantages such as TCoB performance.

4.4 Benefits of Kelvin source

As the new generations of power switches continue to operate at higher speeds, the effect of the parasitic
elements associated with the packages and boards drastically limits the overall system performance. In many
applications, the switching losses are significantly increased due to the negative feedback caused by the
parasitic inductance in the source lead of the power switch.

An effective measure to overcome this problem is to provide an additional connection to the source (Kelvin
connection). This is used as a reference potential for the gate driving voltage, thereby eliminating the effect of
voltage drops over the source inductance (see Figure 26). For more information, see the References section.

Std. 3-Pin Device without Kelvin Source

4-Pin Device with Kelvin Source / Source Sense (SS)

i Drain
PWM Gate
\ Source

Source
Ves Vas \

VLSl I-Source VLSl I—Source

GND GND

U Vory
Driver Drain

Driver
PWM

Figure 26 Difference between Kelvin source and non-Kelvin source MOSFET driving
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5 EiceDRIVER™ gate drivers

For achieving the best switching performance, a good gate driver is required. Infineon’s EiceDRIVER™ gate
drivers and the CoolMOS™ 8 600 V MOSFETSs are an ideal combination in many applications. Figure 27 shows a
summary of Infineon’s broad EiceDRIVER™ portfolio featuring single and dual-channel, as well as
galvanically- isolated and non-isolated drivers.

ﬂ > Low MOSFET switching losses L
. Safety feature STP/DTC options EN/DIS options
> BA/9A separated output source/sink current ‘ Q 5A/9A outbut source/sink current
. > 4V, 8V, 12V, 15V UVLO options oy 12PV A UNILO GrTeme
Y » Shoot-through protection during boot-strapped half- ¢ ‘ o ’ ) ¥
bridge start-up % ~ 2us fast UVLO startup time

20ns fast Active output clamp

150V/ns CMTI

DSO-14 NB/WB, DSO-16 NB/WB, LGA5*5, LGA4*4
Basic or Reinforced Isolation

VDE-0884-11, UL1577, and EN62368-1 certificates

300 V/ins CMTI

DSO-8 NB ~ ~
Single Protection, UL1577 certificate

o)
o
<
Y
3
0
=
<
o
=]
2
[1]
o

m » Truly Differential Inputs (TDI) M » Improved features and

— » 4A/8A separated output sou_rce/smk current . smallest Form-Factor

g ~ . a b EN, Y, 12Y, 1Y IO GRitens & » 4A or 5A output current variants

. 2 > SOT23-6, TSNP-6 y 4V, 8V UVLO options

o 6 ) 2us fast UVLO startup time

g, 1 EDN » Differential input pins (non-inverting and inverting) » 20ns fast Active output clamp

o » 4A/8A separated output source/sink current ! > DSO-8, WSON-8, TSSOP-8, SOT23-6,

) 4V, 8V UVLO options .@ TSNP-6 (World smallest 2ch driver)

~ &y &4y sOT23-5 S0T23-6, TSNP-6

1-channel Driver ICs 2-channel Driver ICs

Figure 27 Infineon’s EiceDRIVER™ portfolio

New EiceDRIVERs™ gate drivers are available in a narrow height package that complements the top-side-cooled
power MOSFETSs. These EiceDRIVER™ gate drivers, with a maximum height of 1.65 mm, can fit together with the
MOSFET underneath the same heatsink (see Figure 28). For more information, see the Gate Driver ICs.

2.35 mm

Figure 28 New narrow height EiceDRIVER™
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6 Support material

Tailored support material for the CoolMOS™ 8 600 V MOSFETs can be found at www.infineon.com/coolmos8.

Additionally, this section will show two demo boards using the latest CooIMOS™ 8 in combination with
CoolSiC™ and CoolGaN™ devices from Infineon Technologies, demonstrating the wide product to system
approach.

CoolMOS™ superjunction MOSFETSs
Click boxes below to learn more

Consumer applications (<400 W) Industrial applications (>250 W) _

Active and preferred Active and preferred - Active and preferred
woves |- [ oo |- I
aove
800V C3 800V C3AY
800V CE
—» 800V PTY 600V /650VCT

8p0vC3
2 650V CE —» 700V PTY 600V P6
BT soveron |-~ G
>

600V P6 > 600V PT 650V CFD2 > 650 VCFD7

600V C3 600V PFDT 600V CFD7
600V ST 600V STA
500V CE
1 Best-fit for flyback topologies Price-performance Highest performance M Fast recovery diode Slow switching M Highest cosmic radiation robustness
B NEW: Best price-performance
Time
Figure 29 Overview on CoolMOS™ products
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6.1 Demo boards

2.7kW PSU Evaluation Board (EVAL_2KTW_12v_PSU ) Technical details
S T

Input voltage range 180 Vac ~ 275 Vac
>96% < v Output voltage 12 Vg
efﬁciency Output current 224 A
Output power 2700W
Peak Efficiency > 96%
Dimension & Power density 265mm X 73.5mm X 42mm, 3300WI/L, 54.1W/in
Power factor (load > 20%) 09
E Hold up time at full load 10ms

Learn More

Power Devices IMZABSR072M1H, IPWBOR037CMB, IPWBORO24CFDY,

BSCOONO4LSG

Drivers: 2EDB925Y, 2EDBB259Y, 2EDR8259X, 2EDN7534F, 1EDBB275F
D TN E R Microcontrollers: XMC 1404 F064X0200 AA, XMCA200-F64K256BA

Digital Isolator: 4DIR1400H

Miscellaneous Devices: ICE2QR2280G, TLS202B1V50, IDP4DEBSD2

— High efficiency bridgeless totem-pole PFC + LLC converter for DC/DC stage

— High power density

— Enabled by CoolSiC™ 650V + CoolMOS™ 8 600V

Digitally controlled with XMC1404 (PFC) and XMC4200 (LLC)

— Exploring variable PFC switching frequency to reduce inductor size and/or losses

— Compact form factor
— Low component count

Figure 30 2.7 kW PSU Evaluation Board (order code: EVAL_2K7W_12V_PSU)

The 2.7 kW power supply with its 180 V,. to 275 V,. input and 12 V. output, demonstrates a state-of-the-art AC
to DC unit with an overall peak efficiency greater than 96%.

As topology, a totem-pole PFC combined with an LLC stage has been chosen. This is equipped with CoolSiC™
for the fast-switching leg in the PFC, the CoolMOS™ 8 for the slow switching leg and the CoolMOS™ CFD7 for the
DCDC stage.

Overall, a full system solution in a state-of-the-art form factor with high efficiency is achieved, along with a
focus on balanced bill of material (BOM) cost over performance. With two XMC™ microcontrollers, the latest
EiceDRIVER™, and power MOSFETSs, Infineon combines the best of the latest product offerings.
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3.3kW HF/HD Rectifier Reference Design (REF_3K3W_HFHD_PSU) Technical details
3

Input voltage range 180 Vg ~ 275 Viue

olM Output voltage range 51-48 Vpc
~— Output current nom @51V=65A @50V=66A @48V=69A
Output power max 3300 W
Efficiency ~97,5%
PF > 0.95 @ 180 ~ 275 Vo
Power factor (load > 10%) ITHD < 10% @ 180 ~ 275 Vi
Temperature Ambient 0°Cto 50°C
H=40mm Fsw.Lic 550Kz
Learn More
Infgso components 4xIGTBOR042D1, 4xIMTG5RO5TM1H, 5xIPTEOR016CME,
~97.5% 1xIPT60R080GT, 1xIDL10GB5C5,
_ ] 1EDBB275F, 1EDNB511B, 2EDBY259Y, 1EDN85508
efficiency IQEQ46NOBLMS, ICE2QR2280G, BAT46W.J, BAT165,
BSS138N, TLS4120D0EPV33, 4DIR1400H,
Controller XMC4200 PFC, Microchip for high frequency control LLC
Application Industrial SMPS, Telecom Rectifier, Battery Charging

— Full Infineon’s semiconductor solution

— Complete Power Supply Unit (PSU) including PFC + DCDC
— High efficiency, propietary and integrated magnetics design
— Hold up time extension circuit

— Benchmark 97,5% of efficiency @ 95W/in® including all /1U Formfactor
— Highest efficiency & power density with CoolMOS™ 8, CoolSiC™ | CoolGaN™
Novel integrated planar magnetic construction

— Full digital control (PFC and DCDC)

— Totem-Pole PFC + Half-Bridge GaN LLC

Figure 31 3.3 kW HF/HD rectifier reference design (order code: REF_3K3W_HFHD_PSU)

The 3.3 kW HF/HD Rectifier reference design benchmarks the highest efficiency and power density in a small
form factor by combining the latest CooIMOS™, CoolSiC™, and CoolGaN™ products. It is a complete power
supply system that includes a totem-pole PFC with CoolMOS™, CoolSiC™ and a CoolGaN™ LLC stage.
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7 Summary

This document has described Infineon’s latest high-voltage superjunction CoolMOS™ 8 600 V SJ MOSFET
technology with the following key features:

o Best-fit performance for target markets

Attractive “all-in-one” SJ MOSFET technology for industrial and consumer applications

Enabling the reduction of switching losses
Lowest and best-in-class Rosion) per package (7 mQ in QDPAK, 16 mQ in TO220 and TO247)
Enabling smaller form factors

New package innovations (e.g., ThinTOLL as a replacement for ThinPAK)
o State-of-the-artin “ease-of-use”
- Enabling of usage of one SJ MOSFET family across all main topologies
- Outstanding body diode ruggedness over full portfolio range
- Excellent ESD robustness greater than 2 kV (HBM)
- Low ringing tendency
¢ Best-in-class commercial aspects
- Price performance leader
- 19 parts in 9 different packages, more to come
- Ros(en) granularity from 7 to 600 mQ
- Suitable for a wide variety of applications and power ranges

Through real application measurements, it has also been demonstrated that the CoolMOS™ 8 with a lower FOM
enables improved efficiency over the CoolMOS™ 7 series.

On system level, CoolMOS™ 8 offers the highest performance in combination with CoolSiC™ or CoolGaN™.

This feature enables the design engineers to easily design their power converters with high efficiency, high
power-density, robustness, and cool thermal behavior. Furthermore, CoolMOS™ CM8 is the best
price/performance solution, providing a long-term perspective.
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condition or quality of the product. Before
implementation of the product, the recipient of this
application note must verify any function and other
technical information given herein in the real
application.  Infineon  Technologies hereby
disclaims any and all warranties and liabilities of
any kind (including without limitation warranties of
non-infringement of intellectual property rights of
any third party) with respect to any and all
information given in this application note.

The data contained in this document is exclusively
intended for technically trained staff. It is the
responsibility of customer’s technical departments
to evaluate the suitability of the product for the
intended application and the completeness of the
product information given in this document with
respect to such application.

Warnings

Due to technical requirements products may contain
dangerous substances. For information on the types
in question please contact your nearest Infineon
Technologies office.

Except as otherwise explicitly approved by Infineon
Technologies in a written document signed by
authorized representatives of Infineon Technologies,
Infineon Technologies’ products may not be used in
any applications where a failure of the product or any
consequences of the use thereof can reasonably be
expected to result in personal injury.
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