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150V Power MOSFET
U-MOS X -H series for
Telecom and data server
Application note

Overview

Contents that require high-capacity and communication speeds, such as video streaming,
have increased, and launched 5G (5th-generation mobile communications system) services
cause base stations and data servers have dramatically increased in power consumption. As a
result, there is a growing demand for more efficient switching power supplies. High-
performance MOSFET are required for switching power supplies for these communication base
stations and data servers, and the importance of improved device performance is growing day
by day to improve efficiency of power supply.

Toshiba Electronic Devices & Storage Corporation ("Toshiba") has developed a U-MOSX-H
150V processed power MOSFET (metal-oxide semiconductor-type field-effect transistor) with
drastically improved on-resistance and charge-capacity trade-off characteristics for highly
efficient power supplies for communication base stations and data servers.
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1. Application of 150V MOSFET

1.1. Application using 48V power line, for which demand increasing

DC-48V is used to power for telecom base stations from the start of fixed-line phones to the
present. It is said that the reason for the negative voltage is to prevent ionization of copper wire
due to long wiring. DC-48V are also used to power for telecom infrastructures including present-
day base stations, and demand for switching power supplies is increasing day by day due to
growing demand for telecommunications. The base station is equipped with a AC-DC converter
that generates DC-48V (actually, it is acceptable to use it up to DC-60V in anticipation of a
voltage-drop) from AC 200V (up to 240V) of the commercial AC power supply. In addition, the
high-frequency amplifiers used in base station radio transmitters work with DC 52V (up to 56V)
and that voltage is generated by integrated DC-DC converters converting from DC-48V BUS line
to DC 48V (up to 60V). Until more than 10 years ago, the performance of MOSFET was
insufficient, and the output power of radio base stations was also not required to be so high
because of low demand for communications. Therefore, the rectifier circuits for these switching
power supplies were mainly diode-based. However, in recent years, synchronous rectifiers have
been used for almost all of them in communication base stations that require high-efficiency due
to improvements in control and MOSFET performance.

On the other hand, the data server was using DC 12V as common computing, which is
distributed from AC-DC power supply in racks. However, in case of recent server power
dissipation exceeds 10kW, the slight loss of resistance on wiring is not negligible for energy
saving. Therefore, the power distribution using DC 48V become popular for server application
as well as telecom base station.

1.2. Application circuit topology and operation
1.2.1. AC-DC converter for Telecom

This chapter introduces typical circuitry of AC-DC converter that receives AC 200V (up to 240V)
of the commercial AC power supply and outputs DC-48V (up to -60V) as the standard voltage
for telecom and the drain-source voltage required for the MOSFET as synchronous rectification
(SR) on such circuit.

The maximum voltage supplied on the MOSFET as the center-tap SR in type-1 circuit shown in
Table 1.2.1. is more than double the output voltage including the safety margin for voltage spike.
Based on this, 150V MOSFET is a good choice for SR for this circuit type. The driving circuit for
this can be simplified thanks to less MOSFETs and same voltage potential between the driving
circuit and MOSFETSs.

In terms of the full-bridge SR in type-2 circuit in Tablel1.2.1., the maximum voltage supplied
on the SR-MOSFET is half the voltage of SR-MOSFET of center-tap. It means that 80V MOSFET
is applicable for full-bridge SR, and it enables less conduction losses on SR-MOSFETs in total due
to lower total on-resistance of two 80V MOSFETSs in series compared with that of single 150V
MOSFET in center-tap. Even though the multitude of SR-MOSFETs and different voltage potential
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between driver and the source of high-side MOSFET require complicated circuit diagram and
make the total cost higher relatively, full bridge SR is commonly used topology in high-power
high-efficiency power supplies.

Tablel.2.1 Typical Circuit of AC-DC Converter for Telecom/Base Station

SR

Topology Circuit SR Waveform Merit/demerit

voltage

Merit :
R - ! ’L_ -;:epsar:tallest quantity is 2pcsin
| | | Ve circui
Vout — +The drive circuit can be made
Type_ 1 onp|—! [ i i i easily because the circuit works
T((::-'—tLLC lout x 1.4 / duty LX 150 V based on GND.
enter- lout
tap SR o \ \ \ Demerit :
+The device needs two times
*It doesn't work as ZCS under over break down voltage as Full-
load condition bridge SR
Merit :
L - The device needs half of break
Vout rsuryt% S W S W — - down voltage as Center-tap SR
e l ‘\ \‘
Type_z \oulxid/(::D lo oz ! Demerit- : P
PFC + LLC i 80V -Full-bridge SR circuit needs 4
+ Full- o \ \ \ \ devices minimum.
bridge SR +The drive circuit of high-side
doesn't work based on GND, so
*It doesn't work as ZCS under over it needs pull-up circuit like boot
load condition strap.
SR: Synchronous Rectifier

PFC:  Power Factor Correction
LLC: Resonant Converter with L(inductor: Lp) + L(inductor: Lr) + C(Capacitor)

1.2.2. DC-DC converter for RF amplifier of Telecom

This chapter introduces typical circuitry of DC-DC converter that receives DC-48V (minimum:
-36V, maximum: -60V) as the standard voltage of telecom and outputs DC 52V (up to 56V) for
RF amplifiers and the drain-source voltage required for the MOSFET as synchronous rectification
(SR) on such circuit.

DC-DC converter regulates output voltage by controlling duty cycle for covering input voltage
variation. (PFC in AC-DC converter plays the similar role.) The duty ratio is designed to be
maximum (about 100%) for regulation when the input voltage is minimum and output power is
maximum. When the input voltage increases, the duty ratio decreases accordingly, while the
voltage applied to the rectifier element increases in proportion to the input voltage.

The maximum voltage supplied on the SR-MOSFET in the full-bridge SR in type-1 circuit in
Table 1.2.2. is half the voltage of SR-MOSFET of center-tap. Considering doubled input voltage,
the voltage applied on SR-MOSFET should be more than double the output voltage. Therefore,
the MOSFETs of full-bridge SR in DC-DC converter that accept double range of input voltage
with 56V maximum output voltage shall have at least 112V as drain-source voltage rating.
Actually, 150V MOSFET is preferred among general product line-up based on this point of view,
with the safety margin taken in consideration.

In terms of the center-tapped SR circuit shown in type-2 circuit in table 1.2.2., considering
doubled input voltage, the voltage applied on SR-MOSFET is more than 4 times the output
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voltage. Therefore, the MOSFETs of center-tap SR in DC-DC converter shall be at least 224V as
drain-source voltage rating. 250V is the best rating choice among general product line-up with
the safety margin taken in consideration. Comparing on the same generation and the same
technology, the on-resistance and reverse recovery characteristics of 250V MOSFET is less than
that of 150V MOSFET, therefore in most of the cases the full-bridge SR topology using 150V
MOSFET is preferred for PF amplifier application that require isolation.

In case of the buck-boost circuit of type-3 shown on table 1.2.2., the breakdown voltage
required for MOSFETs in this circuit shall be more than the gap between the input voltage and
the output voltage. For instance, the MOSFETs (both SW side and SR side) on the DC-DC
converter which has -60V input and 56V output shall have more than 116V rating. As with other
circuit schemes, the MOSFETs on SR side require low reverse-recovery charge and low on-
resistance characteristics for higher efficiency, and SW side require high-speed switching and
low on-resistance characteristics as well. The biggest advantage on the buck-boost converter
comparing with the isolated converter is low cost due to less expensive components like as
sophisticated controller IC and coupled transformer for isolation. In addition, downsizing of the
DC-DC converter is also expected due to relatively higher operating frequency compared with
isolated converter, however, the type of DC-DC converter, isolation or non-isolation, shall be
selected based on the laws and/or regulations of each region that the telecom unit used.

Table 1.2.2 Typical Circuit of DC-DC Converter for RF Amplifier in Base Station

SR

Topology Circuit SR Waveform voltage Merit/demerit

Merit :
2~56V | >Vout x 4 - The device needs half of break

Vs avasy_Vos aves down voltage as Center-tap SR.
v i [

Type-1
Full-bridge
+ Full-

bridge SR i
-36~60V i’j‘hiﬂ' i

vl 11 LT 1 Demerit :

I
! | 150 V |-Full-bridge SR circuit needs 4
tout = devices minimum.
) A N A WA l_T +The drive circuit of high-side
doesn’t work based on GND, so

Minimum break down voltage : it needs pull-up circuit like boot
Output voltage * input voltage ratio (min/Max) strap

Merit :
+The smallest quantity is 2pcs in
SR part.
| +The drive circuit can be made
oD 1T 1 easily because the circuit works
250V based on GND.

T - HAHAHH Demerit :

Greut
e
3660V - *The device needs two times
[} oo Minimum break down voltage : break down voltage as Full-
80V Output voltage * input voltage ratio * 2 bri
ridge SR

Merit :
vader | v ﬂ -The smallest quantity is 2pcs
VOUt-(-Vin) [ - sum of SW-side and SR-side.
\I/ T V k - The device needs half of break
down voltage as Center-tap SR.
0 -Both SW-side and SR-side can
150V be driven by simple 1-piece

Io_az |
GI )( TJ driver-controller.

Demerit :

Minimum break down voltage : * This topology cannot be
Output voltage - input voltage (<0) isolated between input and
output.

>Vout x 4 ]

5256V >Vout x 2
m vou

T
T

Type-2

Full-bridge

+ Center-
tap SR

Type-3

Buck Boost
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2. Introduction of U-MOS X -H 150V process

2.1. Features

The essential characteristics for the MOSFET to increase the efficiency of the power supply
are low on-resistance (Rps(ony) for reducing conduction loss and low gate switch charge (Qsw),
low output charge (Qoss), low reverse-recovery charge (Qr) for reducing switching loss.
Generally, the miniaturized cell pitch design enables to reduce Rpson), whoever it makes Qg,
Qoss, Qrr increase as trade-off. Therefore, the F.0.M (Figure of Merits) like as on-resistance and
gate-switch charge (Ros(on)*Qsw), on-resistance and output-charge (Rps(on)*Qoss), and on-
resistance and reverse-recovery charge (Rpsioon)*Qrr) shall be visible indicators reflecting the
MOSFET's total performance.

Aiming to reduce power losses during both conduction and switching in switching power
supply, 150V N-channel power MOSFET that uses the latest generation process, “U-MOSX-H"
has been released for industrial equipment including those deployed in data centers and
communications base stations, which has with the improvements of Rpsony by 38%, Rpson)*
Qsw by 12%, Rpson)y*Qoss by 20%, and Rpsony* Qrr by 57% comparing with the conventional-
generation process, “U-MOSVIII-H”. Furthermore, especially for synchronous rectifier
application, high-speed diodes (HSD) type has been added on the line-up, which incorporates
lifetime control technology to reduce losses and spike-voltage during the time period of
reverse-recovery and enables further characteristic improvements as Roscon)*Qrr by 74%
comparing with STD type. In addition, U-MOSX-H guarantees 175°C as the maximum rating of
channel temperature against 150°C on conventional U-MOSVIII-H.

These features contribute to realize value-added power supply by efficiency improvement,
downsizing, and cost saving. (Fig. 2.1.)

Lower drain-source on-resistance
(38% lower than U-MOSVI-H)

Smaller gate charge

(12% smaller than U-MOSVII-H) + Smaller power loss - Higher efficiency
Smaller output charge - Smaller heat - Higher power density
(20% smaller than U-MOSVII-H) generation

- More ease of heat
175degC channel temperature - Able to use under radiation design
(U-MOSVI-H : 150degC) higher temperature

Smaller reverse recovery charge
(HSD type)
(89% smaller than U-MOSVII-H)

Figure 2.1. Features, Effects and Values of U-MOSX-H 150V
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2.2. Characteristics
2.2.1. Drain to source on-resistance (Rps(on))

U-MOSX-H 150V has achieved an on-resistance reduction of 38% compared to conventional
U-MOSVIII-H 150V by using a state-of-the-art trench gate design (Fig. 2.2.1). Besides this
silicon process improvement, the package resistance also has been reduced by Cu-connector
technology adopted on all of the line-up of SOP Advance (N) (5x6) and TSON Advance (3x3),
which covers FET area widely on chip (Fig. 2.2.2).

This reduces conduction loss and improves efficiency of power supply and contribute to
downsizing and cost saving of power supply by reducing the number of parallel MOSFET usage
and minimizing the cooling system.

-38%
&
w
a
m l
U-MOSVI-H U-MOS X -H
(TPH1500CNH) (TPHOROOCQH/TPHORO0CQS)

Figure 2.2.1. Rpson)y comparison by generation
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Figure 2.2.2. Rpsony comparison between Cu-connector and conventional structure

2.2.2. Output charge (Qoss)
The output charges (Qoss) repeated charge and discharge in switching operation through the
gate capacitance (Coss) make power loss as a part of switching loss. U-MOSX-H 150V reduces
Qoss by 20% in comparison with the same on-resistance device of U-MOSVIII. (Fig. 2.2.3)
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-20%

QOSS

U-MOSVII-H U-MOSX-H

Figure 2.2.3. Qoss cOmparison by generation with same on-resistance device

2.2.3. Reverse recovery charge (Q.)

The reverse recovery mode is observed in SR-MOSFET at the timing of changing the bias
direction steeply just after the forward conduction of the body-diode. A reverse current (Ipr)
flowing remains in the body-diode for the time (t«: reverse recovery time) until the carriers
(holes and electrons) accumulated in n-type semiconductor are extinguished by discharge or

recombination (Fig. 2.2.4). The reverse charges (Qr) make switching loss called as reverse-
recovery loss.

Current through . .
forward direction Applied revers bias

F_, 3 Qg Qs Q¢
(=~ -—" v s S
® ® @
1 ® i ® @
= Lo . = |elPle oo
e z (?Currerl']wﬁ? C?rrente —— dn- &
o) ® ofo @ & currentéd fcurrent
Ios
JelE e e l o olo ole o
S8 2.8 38 Te8ges
Op Ob

Figure 2.2.4. Hole and electron behavior during reverse recovery mode

Selecting the MOSFET with lower on-resistance or connecting MOSFETSs in parallel helps to
reduce total on-resistance, however in contrast, these approaches may increase the reverse-
recovery loss exceeding the conduction loss due to increased Q. In order to solve this dilemma,
high-speed diode (HSD) type has been developed to realize further Q. reduction without any
sacrificing on other characteristics, in which carrier traps are introduced to restrict carrier
migration through recombination. Figure 2.2.5. shows the difference in behavior during reverse-
recovery operation between HSD and standard (STD) product that does not incorporate this
process.

In addition to the Q. reduction by 57% on standard (STD) U-MOSX-H against U-MOSVIII-H in
comparison with the same on-resistance class, HSD type of U-MOSX-H achieves Q. reduction by
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74% against STD type of U-MOSX-H and 89% against U-MOSVIII-H in comparison with the
same on-resistance class. (Fig. 2.2.6)

At revers recovery At revers recovery
STD HSD

C'I)s Qa
® ®
1 @ ® 4
Z ) ® Z Carrier trap
T bn- & T onDy
& currentd fcurrent @ Current‘(_g Current
Iog Iog
l Q@ QIQ QIR 9 1 Q@ Q9
RN R

Op Op

Figure 2.2.5. Differences in Bias-Inverted Behavior of Standard (STD) and High-Speed Diode
(HSD)

-89%
. -57%
o
- -74%
U-MOSVII-H U-MOS X -H U-MOS X -H
STD HSD

Figure 2.2.6. Qr comparison by generation with same on-resistance device

AC-DC and DC-DC, both converters consist of switching (SW) device and synchronous
rectification (SR) device. Duty ratio for regulation is controlled by SW device, and then SR devices
rectify and convert it into direct current. Generally, the faster switching condition is preferred in
order to reduce the switching loss on SW device, however on the other hand, it may increase the
reverse recovery loss on SR device since Qr increase in proportion to dI/dt as shown in Fig.2.2.7.

U-MOSX-H (especially HSD type) is more effective in reducing loss due to Q. under large dI/dt
condition.
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a. The waveform of

Qrr - dI/dt

U-MOSVI-H
——U-MOSX-HSTD
——U-MOSX-H HSD|

QN’

Ros(on)*Qrr
(=] —- N w n w [+)] ~ )

! /

Qrr = Etrr ey 0 500 1000 1500
d1/dt (A/ps)

Figure 2.2.7. dI/dt dependency on Qrr

In addition, Qi has a negative influence not only on loss increase, but also on voltage spike. In
the reverse recovery mode, as the carriers eject or disappear, the depletion layer expands and
Vps increases. Due to the parasitic inductances of the elements and circuitry, Vps increase become
steep while I+ change, and keep rising until reverse recovery completion while t+. The peak
voltage of Vps is defined as Vps_peak here. As shown in Fig.2.2.8.a, Vbs_peak iNCrease as Qyr increase,
since Qrr has a positive dependence on dI/dt and Vps_peak has a positive dependence on dI/dt as
well (Fig.2.2.8.b). Comparing under dI/dt=100A/ps condition, U-MOSX-H HSD achieves a 45%
reduction in Vps peak compared to STD and a 66% reduction against U-MOSVIII-H (Fig. 2.2.9).

< b. The relation between Vbos_peak
a. Vbs_peak is related on Qrr and dI/dt

AR VDs _peak Vos_peak - dI/dt
Y/ \ 200
/ o N
/ 4 b 180 Break
/ <8 down T~
,/ N hEY 160 Voss /
,/N =7 S 140
4 ¥ 120
d v a8
e e e L e e o 100
= o
¥ > g
Qrr g
. (/ 60
Q “0 U-MOSVE-H
Yo . A 20 ——U-MOS X-H STD
0 —+—U-MOS X-H HSD

0 500 1000
som ds e som dl/dt (A/ps)

Figure 2.2.8. The factors influenced on Vps_peak
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-66%
-39%

Vbs peak

-45%

U-MOSVI-H U-MOS X -H U-MOS X -H
STD HSD

Figure 2.2.9. Vbs peak COMparison by generation and type of technology

Vbs peak shall be required to be less than the maximum rating of V(gr)pss. Therefore Vps peak
reduction allows relatively higher dI/dt condition which reduces the switching losses on SW
devices. This is a big impact to improve the efficiency of switching power supply in total. Fig.
2.2.10. shows an example. In comparison at Vps_peak=150V, U-MOSX-H HSD allows 212% higher
dI/dt against STD type and 250% higher dI/dt against U-MOSVIII-H.

Vos_peak - dI/dt g
fgg 324A/10s 382A/1s a
g 250%_
~ 160 |- Voss \ / / 6 o
S o \ 5 212%
% 120 x
L 810A/b E.
> g a
>
60 )
o
40 U-MOSVI-H =
“ Mok e S  U-MOSWI-H ~ U-MOSX-H  U-MOSX-H
0 500 1000 e STD HSD
di/dt (A/us)
Figure 2.2.10. Comparing dI/dt availability by generation
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2.2.4. Characteristics comparison
Table 2.1. comparing the properties of U-MOSVIII-H, U-MOSX-H STD, U-MOSX-H HSD.

Table 2.1. Characteristics

U-MoSVH | UTMOSX-H | U-MOSX-H

TPH1500CNH

STD HSD
TPHSROOCQH | TPHOR0O0CQ5

Channel
i Re——— 150degC 175degC 175degC
Vi 2.0V~4.0V 3.3V~4.3V 3.1V~4.5V
Rosonytyp _
3t 8V 7.9 mQ 7.9 mQ
Rosontyp
2t 10V 13 mQ 7.3 mQ) 7.3 mQ
R 8.3 nC 11.7nC 117 nC
O] 67.4 nC 87 nC 87 nC
Qudttoovas) 192 nC 133 nC 45nC
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2.3. Evaluation result on the application circuit

2.3.1. 1kW Phase-Shift Full-Bridge Synchronous Rectifier DC-DC Converter Reference
Design
2.3.1.1. Reference Design Overview
This reference design is a 1kW phase-shifted-full-bridge (PSFB) synchronous rectified DC-DC

converter that conforms to the standard of telecom power supply, which has the input voltage
range as DC-60V to -36V and transforms to 54V output for high power RF amplifier. TI's Phase-
Shift Full-Bridge Controller UCC28951PWR is used for the controller, and 5mm x 6mm sized
surface mount power MOSFET are selected (Fig. 2.3.1).

Figure 2.3.1. Full-bridge synchronous rectified DC-DC converter reference design

2.3.1.2. Efficiency

Figure 2.3.2. shows the circuit block diagram and the MOSFET combinations for efficiency
measurement. The MOSFET on the primary side is a fixed device, 80V U-MOSX-H TPH2R408QM,
and the MOSFETs on secondary side are replaced by #1 to #4 as below for variation analysis.

1. 150V U-MOS X -H HSD TPHOR00CQ5
2. 150V U-MOS X -H STD TPHOROOCQH
3. 150V U-MOSVI-H TPH1500CNH
4. 150V U-MOSVI-H TPH1500CNH in parallel
©2023 13 2023-4-7
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' —1-W
v R 3. T

TPH2R408QM <"

Control™, [ . * . i
Circui Drlua_r
& Circuit
b L=
-36~-60V — :1} — :1}
=Vin

TLP291 ;17
v

TLP2370

Figure 2.3.2. Circuit block diagram and MOSFET combinations for efficiency measurement

Figure 2.3.3. shows the efficiency result on a 1kW PSFB synchronous rectified DC-DC converter
reference design. In short, U-MOSX-H HSD TPHORO00CQ5 is a best SR-MOSFET enables best
efficiency in whole load condition.

Switching loss and recovery loss are the majority in total loss in light load condition, Iout=4A
to 10A. In fact, in comparison to the 94.44% efficiency of both parallel and single connected U-
MOSVIII-H TPH1500CNH, U-MOSX-H STD TPHORO00CQH achieved 94.66% efficiency as 0.22%
improvement by reducing switching loss, and U-MOSX-H HSD TPHOR0O0CQ5 reached 94.87%
efficiency as 0.21% further improvement against STD type by reducing reverse recovery loss.

On the other hand, conduction loss is the majority in total loss in heavy load condition as
Iout=12A to 18A. U-MOSX-H HSD TPHOR0O0CQS5 achieved 94.54% efficiency at Iout=18A as
best result in SR-MOSFET comparison due to lowest on-resistance (7.3mOhm) with lowest Q.
The next-highest efficiency is 94.46% achieved by parallel connected U-MOSVIII-H
TPH1500CNH, however taking unit cost and unit size into consideration, the next-best choice of
SR-MOSFET will be U-MOSX-H STD TPHOR00CQH achieving 94.4% efficiency.
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95.0

Efficiency (%)
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92.0
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—

SR MOSFET :
——U-MOS X -H HSD TPHOR00CQ5
~U-MOSX-H STD TPH9R00CQH
U-MOSMI-H TPH1500CNH
. ——U-MOSVII-H TPH1500CNH Parallel

6 8 10 12 14 16 18

Output current (A)

Figure 2.3.3. 1kW Phase-Shift Full-Bridge Synchronous Rectifier DC-DC Converter

Reference Design Efficient Results

(-54Vin / 54Vout, SW-side is fixed (TPH2R408QM), f=113kHz)

2.3.2. 1kW Buck Boost DC-DC Converter Reference Design
2.3.2.1. Reference Design Overview

This reference design is a 1kW buck-boost DC-DC converter that conforms to the standard of

telecom power supply, which has the input voltage range as DC-60V to -36V and transforms to

54V output for high power RF amplifier. Maxim's MAX15158A is used for the controller, and

5mm x 6mm sized surface mount power MOSFET are selected (Fig. 2.3.4).

4 | i
= N 3
+ 1 ‘?\ -
* \' Vou( (+)

Figure 2.3.4. 1kW buck boost DC-DC converter reference design
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2.3.2.2. Efficiency

Figure 2.3.5. shows the circuit block diagram and the MOSFET combinations for efficiency
measurement. The combinations of the MOSFET are shown as #1 to #3 as below for variation
analysis.

1. SW: 150V U-MOSX-H HSD TPHI9R00CQ5, SR : U-MOSX-H HSD TPH9R00CQ5
2. SW: 150V U-MOS X-H STD TPH9R00CQH, SR : U-MOS X -H HSD TPH9R00CQ5
3. SW: 150V U-MOS X-H STD TPH9R00CQH, SR : U-MOS X -H HSD TPH9R0O0CQH

SW MOSFET

1. U-MOSX-H HSD TPH9R00CQ5
2. U-MOSX-H STD TPH9RO0CQH
3. U-MOSX-H STD TPH9R00CQH

——ﬁ}-— _I_ +54Vout|
- j/;
Control
Circuit
W1
[avin} &2
Paww
Control *]a
Circuit
-

Figure 2.3.5. Circuit block diagram and efficiency measuring element

Figure 2.3.6. shows the efficiency result of 1kW buck-boost DC-DC converter reference design.
No significant efficiency difference is not observed over the whole load range between
Combination-1 and Combination-2 since HSD type MOSFET does not have a beneficial effect on
SW-MOSFET due to no reverse recovery mode on it. This indicates that either of TPH9R00Q5
(HSD type) and TPHORO0OCQH (STD type) are applicable for SW-MOSFET, that have same
electrical characteristics except for reverse recovery performance.

In contrast, TPHO9R00CQ5 (HSD type) works well as SR-MOSFET for reducing the reverse
recovery loss and achieve 0.18% better efficiency comparing to TPHO9R0O0CQH (STD type).
(Figure 2.3.6.)

According to this result, TPHOR00CQ5 (HSD type) covers TPHORO0CQH (STD type) in terms of
the performance as for both SW-MOSFET and SR-MOSFET on buck-boost converter with the
exception of the cost advantage on TPHO9R00CQH (STD type). In brief, placing the right MOSFET
on the right place enhances the value of the application.
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——SW: HSD TPHOR00CQS5, SR: HSD TPHSR0O0CQS
95.6 —SW: STD TPHORO0OCQH, SR: HSD TPHOR00CQ5
—SW: STD TPHSROOCQH, SR: STD TPHORO00CQH
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Figure 2.3.6. 1kW Buck Boost DC-DC Converter Reference Design Efficiency Results
(-48Vin / 54Vout, f=150kHz)
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3. Line-up

Table 3. shows the lineup of U-MOSX-H 150V in surface mount package sized of 5x6 and 3x3
including the items under development. The portfolio covering wide range of on-resistance

supports various applications and requirements.

Table 3. U-MOSX-H 150V lineup

Viss .
Package Part No.
--

DS(ON

= 10V
SOP Advance(N)
5x6 TPHOROOCQH
~ | TPH1400CQH 14.1
L 3
/
TPH2200CQH 22
150
)
TPH3300CQH 33
TSON Advance
3x3 TPN3300CQH 33
P
TPN4800CQH 48
SOP Advance(N)
5x6 TPHOR00CQS 9
§~~
/ TPH1100CQ5 10.5
150
HSD TPH1400CQ5 14.1
TSON Advance
Sx3, TPN3300CQ5 33

@

4. Summary

U-MOSX-H 150V series have been developed in order to contribute to reducing the power
dissipation of switching power supplies for communication base stations and data servers. U-
MOSX-H 150V series reduce Rpsony by 38%, Rpsiony*Qoss by 20%, Rpsony:Qrr by 57% on STD
type and 89% on HSD type compared with conventional U-MOSVIII-H, and enhanced the
efficiency of both 1kW PSFB synchronous rectified DC-DC converter and 1kW buck-boost

converter.

Toshiba will continue to expand its lineup that contribute to the realization of carbon neutrality
by responding to the demands for reducing power consumption through further improvements

in characteristics.
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5. Support (Reference design, Simulation model)

Detailed information on the reference design used in this application note can be obtained from
the following URL.

1kW Phase-Shift Full-Bridge Synchronous Rectifier DC-DC Converter Reference Design
https://toshiba.semicon-storage.com/ad/semiconductor/design-

development/referencedesign/articles/1-kw-full-bridge-dc-dc-converter_power-
supply_rd170.html

1kW Buck Boost DC-DC Converter Reference Design
https://toshiba.semicon-storage.com/info/lookup.jsp?pid=RD211

We provide a SPICE model (GO model) that can verify circuit operation in a short time and a
SPICE model (G2 model) with improved accuracy of transient characteristics as tools to support
circuit design.

Description of high-precision SPICE models
https://toshiba.semicon-storage.com/jp/semiconductor/knowledge/highlighted-

contents/articles/simulating-the-transient-characteristics-of-mosfet-more-

accurately.html?utm_source=web&utm_medium=banner&utm_campaign=tdsc_semicon_caro
usel_g2

Description of the grade notation of the device model (SPICE model)
https://toshiba.semicon-
storage.com/info/application_note_ja_20210621 AKX00044.pdf?did=70958
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6. RESTRICTIONS ON PRODUCT USE

Toshiba Corporation and its subsidiaries and affiliates are collectively referred to as "TOSHIBA".
Hardware, software and systems described in this document are collectively referred to as "Product".

TOSHIBA 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 TOSHIBA. Even
with TOSHIBA's written permission, reproduction is permissible only if reproduction is without alteration/omission.

Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers
are responsiblefor complying with safety standards and for providing adequate designs and safeguards for their hardware,
software and systems which minimize risk and avoid situations in which a malfunction or failure of Product could cause loss
of human life, bodily injury or damage to property, including data loss or corruption. Before customers use the Product,
create designs including the Product, or incorporate the Product into their own applications, customers must also refer to
and comply with (a) the latest versions of all relevant TOSHIBA information, including without limitation, this document, the
specifications, the data sheets and application notes for Product and the precautions and conditions set forth in the
"TOSHIBA Semiconductor Reliability Handbook" and (b) the instructions for the application with which the Product will be
used with or for. Customers are solely responsible for all aspects of their own product design or applications, including but
not limited to (a) determining the appropriateness of the use of this Product in such design or applications; (b) evaluating
and determining the applicability of any information contained in this document, or in charts, diagrams, programs,
algorithms, sample application circuits, or any other referenced documents; and (c) validating all operating parameters for
such designs and applications. TOSHIBA ASSUMES NO LIABILITY FOR CUSTOMERS' PRODUCT DESIGN OR APPLICATIONS.
PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE
EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF WHICH
MAY CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC IMPACT
("UNINTENDED USE"). Except for specific applications as expressly stated in this document, Unintended Use includes,
without limitation, equipment used in nuclear facilities, equipment used in the aerospace industry, lifesaving and/or life
supporting medical equipment, equipment used for automobiles, trains, ships and other transportation, traffic signaling
equipment, equipment used to control combustions or explosions, safety devices, elevators and escalators, and devices
related to power plant. IF YOU USE PRODUCT FOR UNINTENDED USE, TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT.
For details, please contact your TOSHIBA sales representative or contact us via our website.

Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.
Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable laws or regulations.

The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA
for any infringement of patents or any other intellectual property rights of third parties that may result from the use of
Product. No license to any intellectual property right is granted by this document, whether express or implied, by estoppel or
otherwise.

ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE
FOR PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY
WHATSOEVER, INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR
LOSS, INCLUDING WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND
LOSS OF DATA, AND (2) DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO
SALE, USE OF PRODUCT, OR INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

Do not use or otherwise make available Product or related software or technology for any military purposes, including
without limitation, for the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological
weapons or missile technology products (mass destruction weapons). Product and related software and technology may be
controlled under the applicable export laws and regulations including, without limitation, the Japanese Foreign Exchange and
Foreign Trade Law and the U.S. Export Administration Regulations. Export and re-export of Product or related software or
technology are strictly prohibited except in compliance with all applicable export laws and regulations.

Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of
Product. Please use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES
OR LOSSES OCCURRING AS A RESULT OF NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS.

TOSHIBA ELECTRONIC DEVICES & STORAGE CORPORATION

https://toshiba.semicon-storage.com/ap-en/top.html
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