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1. Introduction

This design guide explains the design overview of each circuit block of the 1.1kW server-use AC-DC converter
employing the ITTF (Interleaved Two Transistor Forward) topology (hereinafter referred to as "this design").

This design is an AC-DC converter for servers that generates DC 12V from an input of AC 90V to 264V and
outputs up to 1.TkW. It is equipped with an output ORing circuit, enabling redundant operation. Components
are selected with consideration for height during board mounting, making it applicable to 1U-size power
supplies. To improve power efficiency, it adopts a totem-pole PFC circuit that does not use a diode bridge and
an ITTF topology DC-DC converter, achieving efficiency exceeding the 80 PLUS Platinum standard under 230V
input conditions.

In this design, the high-frequency switching element of the totem-pole PFC circuit uses the SiC MOSFET
TW107Z65C, and the low-frequency switching element uses the power MOSFET TK024N60Z1. In the ITTF
topology DC-DC converter circuit, the primary-side uses the power MOSFET TK165V60Z1, and the secondary-
side uses the power MOSFET TPH1R204PL and TPH1R306PL. For isolated gate signal transmission from the
primary-side controller, the digital isolator DCL541A01 is used. Additionally, the output ORing circuit uses the
power MOSFET TPHR6503PL. These latest Toshiba devices contribute to reduced losses and high-efficiency
operation.

%80 PLUS: An efficiency standard for power supply units used in computers such as servers.
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2. Main Components
This chapter describes the main components used in this design.

2.1. SiC MOSFET TW107Z65C

The 650V-rated SiC MOSFET TW107Z65C is used as the high-frequency switching element in the totem-pole
PFC circuit. The main features of TW107Z65C are as follows:

® Chip design of 3rd generation (Built-in SiC schottky barrier diode)

® | ow diode forward voltage: Vosr = -1.35V (Typ.)

® High voltage: Vbss = 650V

® | ow drain-source on-resistance: Roson) = 107mQ (Typ.)

® Less susceptible to malfunction due to high threshold voltage: Vin = 3.0 to 5.0V (Vos = 10V, Ip = 1.2mA)
® Recommended gate - source drive voltage: Vas_.on =18V, Vas_off = OV

® Enhancement mode.

Packaging and Internal Circuit

—
QO o1
\ 1. Drain (heatsink)

\ 2. Source 1
B - 3. Source 2
§ ||<_ 4. Gate
4 —

Notice: Only use source 2 pin for

gate input signal return. Please
30— make sure that the main current

flows into the source 1 pin.

TO-247-4L(X)

Fig. 2.1 Packaging and Internal Circuit of TW107Z65C
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2.2. Power MOSFET TK024N60Z1

The 600V-rated N-channel MOSFET TK024N60Z1 is used as the low-frequency switching element in the

totem-pole PFC circuit. The main features of TKO24N60Z1 are as follows:
® |ow drain-source on-resistance: Roson) = 0.02Q (Typ.)
® High-speed switching properties with lower capacitance.

® Enhancement mode: Vin = 3 to 4V (Vbos = 10V, Ip = 3.84mA)

Packaging and Internal Circuit

03

TO-247

1: Gate
2: Drain (heatsink)
3: Source

Fig. 2.2 Packaging and Internal Circuit of TK024N60Z1
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2.3. Power MOSFET TK165V60Z1

The 600V-rated N-channel MOSFET TK165V60Z1 is used as the primary-side switching element in the ITTF
topology DC-DC converter circuit. The main features of TK165V60Z1 are as follows:

® |ow drain-source on-resistance: Roson) = 0.138Q (Typ.)
® High-speed switching properties with the lower capacitance.

® Enhancement mode: Vin = 3 to 4V (Vos = 10V, Ip = 0.6TmA)

Packaging and Internal Circuit

Q5
1: Gate
2: Source 1
3., 4: Source 2
;} 5: Drain (heatsink)
1 —

Notice: Only use source 1 pin for
gate input signal return. Please
make sure that the main current
flows into the source 2 pin.

BOTTOM VIEW

DFN8x8

Fig. 2.3 Packaging and Internal Circuit of TK165V60Z1
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2.4. Power MOSFET TPH1R204PL

The 40V-rated N-channel MOSFET TPH1R204PL is used as the secondary-side switching element (catch side)
in the ITTF topology DC-DC converter circuit. The main features of TPH1R204PL are as follows:

High-speed switching

Small gate charge: Qsw = 17nC (Typ.)

Small output charge: Qoss = 56nC (Typ.)

Low drain-source on-resistance: Rosion) = 1.0mQ (Typ.) (Ves = 10V)
Low leakage current: Ipss = 10pA (Max.) (Vbs = 40V)

Enhancement mode: Vin = 1.4 to 2.4V (Vbs = 10V, Ip = 0.5mA)

Packaging and Internal Circuit

8 7 6 5
(111 []
n-ll ; 1,2, 3: Source
i 4: Gate
—| 5,6, 7, 8: Drain
L L L]
1 2 3 4
SOP Advance
5
s 8 7 6 5
(111 []
e ; 1, 2, 3: Source
i 4: Gate
4 —| 5,6, 7, 8: Drain
HEERERE
1 1 2 3 4
SOP Advance(N)

Fig. 2.4 Packaging and Internal Circuit of TPH1R204PL
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2.5. Power MOSFET TPH1R306PL

The 60V-rated N-channel MOSFET TPH1R306PL is used as the secondary-side switching element (forward
side) in the ITTF topology DC-DC converter circuit. The main features of TPH1R306PL are as follows:

High-speed switching

Small gate charge: Qsw = 22nC (Typ.)

Small output charge: Qoss = 77.5nC (Typ.)

Low drain-source on-resistance: Rosion) = 1.0mQ (Typ.) (Ves = 10V)
Low leakage current: Ipss = 10pA (Max.) (Vbs = 60V)

Enhancement mode: Vin = 1.5 to 2.5V (Vbs = 10V, Ip = 1.0mA)

Packaging and Internal Circuit

8 7 6 5
(117111
...; Ij 1, 2, 3: Source
i 4: Gate
5,6, 7, 8: Drain
—r—¢ '
HE L]
1 2 3 4
SOP Advance
]
8 8 7 6 3
(117111
e ; 1, 2, 3: Source
. 4: Gate
4 —| 5,6, 7, 8: Drain
HE L]
1 1 2 3 4
SOP Advance(N)

Fig. 2.5 Packaging and Internal Circuit of TPH1R306PL
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2.6. Power MOSFET TPHR6503PL

The 30V-rated N-channel MOSFET TPHR6503PL is used as the switching element in the output ORing circuit
of the ITTF topology DC-DC converter. The main features of TPHR6503PL are as follows:

High-speed switching

Small gate charge: Qsw = 30nC (Typ.)

Small output charge: Qoss = 81.3nC (Typ.)

Low drain-source on-resistance: Rosion) = 0.41mQ (Typ.) (Ves = 10V)
Low leakage current: Ipss = 10pA (Max.) (Vbs = 30V)

Enhancement mode: Vin = 1.1 to 2.1V (Vbs = 10V, Ip = 1.0mA)

Packaging and Internal Circuit

8 7 6 5
(117101
....; :j 1, 2, 3: Source
i 4: Gate
5,6, 7, 8: Drain
—t—+ |
HEERERE
1 2 3 4
SOP Advance
5
s 8 7 6 5
(117101
4 ; 1, 2, 3: Source
. 4: Gate
4 —| 5,6, 7, 8: Drain
L] L L]
1 1 2 3 4
SOP Advance(N)

Fig. 2.6 Packaging and Internal Circuit of TPHR6503PL
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2.7. Digital Isolator DCL541A01

The digital isolator DCL541A01 is used for gate drive signal transmission from the primary-side controller to

the secondary-side. The main features of DCL541A01 are as follows:

Safety standards:

VV VY

Terminal Layout

UL: UL1577, File No. E519997
cUL: CSA Component Acceptance Service Notice No. 5A, File No. E519997
VDE: DIN VDE V 0884-11 (VDE V 0884-11) Certificate No. 40055132
CQC: GB 4943.1-2022 Certificate No. CQC22001345018

High-speed data transmission: up to 150Mbps
CMTI(Min): £100kV/us
Isolation voltage: 5kVrms

voo1[—]
GND1I[_|
vl
viz[_]
vis[__]
voa[ ]
DISi___|
GND1[_]

W =~ M G B W N =

[ Jvoo2
[—__IGND2
[ Jvor
— Jvo2
:Vu_i
[ Jvia

JDIS2

JGND2

Fig. 2.7 Terminal Layout of DCL541A01
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3. Totem-Pole PFC Circuit and ITTF DC-DC Converter

This chapter explains the basic concepts of the Totem-Pole PFC circuit and the ITTF DC-DC converter adopted
in this design.

3.1. Totem-Pole PFC Circuit

Figure 3.1 shows the basic configuration of the PFC circuit. Qc and Qu alternately turn on and off according
to the half-wave of the AC input voltage, while Qa and Qb perform PWM control through high-speed switching
to generate an input current synchronized with the phase of the AC input voltage.

The PFC circuit rectifies and boosts the AC input to obtain a DC output voltage. Conceptually, it performs
boost chopper operation for both the upper and lower half-waves of the AC input. The following sections
describe each operation mode in detail.

e | e

Vac Qa QC

|
|
avonl

& =F

Qo Q4
— \ J
ON and OFF ON and OFF

at high frequency at input voltage frequency

Fig. 3.1 Totem-pole PFC Circuit

As shown in Figure 3.2, the operation of the Totem-Pole PFC is classified into four modes (Modes 1 to 4):

During the upper half-wave of the AC input, Qc is always off and Qa is always on, while Qa and Qv alternately
switch on and off (Mode 1and 2). During the lower half-wave, Qc is always on and Qu is always off, and similarly,
Qa and Qp alternate switching (Mode 3 and 4).

—— Mode 3

AN f// ---- Mode 4

------ Mode 2 \\ ,
g

Mode | Q, Q | Q
Mode3 | ON | OFF | ON | OFF
Mode4 | OFF | ON | ON | OFF

AC input current

Mode [Q. |Q |Q |Q
Mode 1 | OFF | ON | OFF | ON
Mode 2 | ON | OFF | OFF | ON

Fig. 3.2 Totem-pole PFC Current Waveforms
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(Mode 1]

This mode operates when the positive half-wave of the power supply voltage is applied.Qb and Qg are on,
while Qa and Qcare off. The current path is shown in Figure 3.3.The inductor is charged with the supply voltage
Vac, and the inductor current I increases with a slope of Vac/Las shown in the equation below. Refer to the current
waveform in Figure 3.2.

Vac
ILZTXt
OFF|  OFF A
— —
LooL =& %
PR Q Q
+ a C

I
I
avoi

ON,  H 1
ek ek
Qb Qq

Fig. 3.3 Mode1 Circuit Operation

(Mode 2]

This mode continues during the positive half-wave of the AC input voltage.

Qa and Qg are on, while Qv and Qc are off. The current path is shown in Figure 3.4.The inductor is applied with
a voltage of (Vac = Vdc). If Vdc > Vac, the applied voltage becomes negative, but the inductor cannot change the
current direction abruptly, so the current decreases with a slope of (Vac — Vdc)/L and flows to the output side.

V,c — V.
L=(acL dC)Xt

During the positive half-wave of the power supply voltage, Modes 1 and 2 are repeated rapidly. Refer to the
current waveform in Figure 3.2.

avol

Fig. 3.4 Mode2 Circuit Operation
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(Mode 3]

This is the Mode1 operation during the negative half-wave of the AC input voltage. Qa and Qc are on, while
Qv and Qu are off. The current path is shown in Figure 3.5.

The supply voltage Vac is applied to the inductor in the reverse direction, and energy is stored in the reverse
direction. Refer to the current waveform in Figure 3.2.

ON ON N
= d
I ] 5
Vae =AAAR——+'Q, Qc
__C 6 Vdc
T >
+ O
OFF OFF
_mF 9%

Qp Qq

Fig. 3.5 Mode3 Circuit Operation

(Mode 4]
Mode 2 operates during the negative half-cycle of the AC input voltage. In this mode, transistors Qs and Qc
are turned on, while Qa and Quq are turned off. The current path follows the configuration shown in Figure 3.6.
An effective voltage of (Vac — Vdc) is applied across the inductor through a conduction path that starts from
transistor Qc, passes through the DC link (Vdac), and continues to transistor Qo. Due to the inductor's inherent
tendency to maintain current flow, it continues to deliver power to the output side. For details on the current
waveform, refer to Figure 3.2.

avaol

Fig. 3.6 Mode4 Circuit Operation
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3.2. ITTF DC-DC Converter
3.2.1. TTF (Two Transistor Forward) DC-DC Converter

Figure 3.7 shows the circuit configuration of the TTF converter.

This circuit adopts synchronous rectification on the secondary side. The two transistors (MOSFETs) on the
primary-side turn on and off simultaneously, and power is supplied to the output capacitor and load via the
transformer.

In a single-transistor forward converter, a large surge voltage tends to occur due to the leakage inductance
of the transformer. In contrast, the TTF topology clamps the surge voltage caused by leakage inductance to the
supply voltage via diodes, allowing the stored energy to be efficiently recovered to the power source.

Thanks to this characteristic, the TTF topology is suitable for constructing high-capacity DC-DC converters in
the several-kilowatt class, compared to single-transistor configurations.

Qe
D, _| Q L
K S
- !
vEn ER r
(W)
v b
Qs

Fig. 3.7 TTF Circuit

(Mode 1]

Qe and Qf are on, and the input voltage Vin is applied to the Np winding, transferring power to the secondary
side.

The magnetizing current im increases by Aim during the on-time T1 (= Ton) of Qe and Q.

Assuming the magnetizing inductance is Lm, the increase in magnetizing current Aim is expressed as:

1
Alm =—X Vin X Ton
Lim

The secondary winding Ns induces a voltage of Vin x Ns/Np, and the parasitic diode Dg of Qg conducts,
supplying power to the secondary side.
The change in current Ai. of the smoothing inductor L is expressed as:

] 1 1 Ng
AlL=I><VL><T0nZEX(VinXI\I_P_Vout)XTon

The current flowing through Qe, Qf, and Np on the primary-side (iqe, iaf, inp) is the sum of the magnetizing
current and the load current:

. . . Ns . .
Ig1 = 1g2 = Inp =N—X1L+1m
P
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TYT Vout

&
L
17T
(o]

“(')

1

GvoT

Dy

I
Lttt
O
s

load current
"""" Excitation current

Fig. 3.8 Mode 1

[(Mode 2]

Qe and Qs turn off. As the magnetizing current continues to flow, Da and Dy conduct and return energy to the
power source, as shown in Figure 3.9. The input voltage Vin is applied in reverse to the Np winding, causing the
magnetizing current to decrease and eventually reach OA at time T2.The decrease in magnetizing current Aim is
expressed as:

1 1
Aigy = — X Vnp X T, = — X (=Viy) X T,
L L

The current of the secondary-side smoothing inductor L circulates through the parasitic diode Dn of Qr. Since
Vout is applied in reverse to L, the change in i is as follows.

1 1
AiL=E><VL><T2=E><(—V0ut)><T2

Also, the following equations hold:

Ipa = Ipp = INp = Im
Iph = 1,

Q L
ﬁT ARAR 1 Vour
[ i c|¥[g
oo dmnE TR
Qn |

load current
““““ Excitation current

Fig. 3.9 Mode2 Circuit Operation
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[(Mode 3]

While the magnetizing current flows in Mode2, Vin is applied across the drain-source of Qe and Qy, charging
their parasitic capacitances. In Mode3, the voltage (2Vin) of the charged parasitic capacitance is connected in
series with the Np winding in the reverse direction. As a result, —Vin is applied to the Np winding, and the
magnetizing current flows in the negative direction and gradually increases, as shown in Figure 3.10. When the
parasitic capacitance voltage of Qe and Qf discharges to Vin /2, the voltage applied to the Np winding becomes
positive.

[ o | QJES L

| N M % Ph YY) vV
: T3l \l( out

M c

i

L
T
A
I
[avo1]

load current
"""" Excitation current

Fig. 3.10 Mode3 Circuit Operation

[(Mode 4]

When the voltage applied to the Np winding becomes positive, the synchronous rectifier Qg on the secondary-
side is forward-biased and conducts, transferring the magnetizing current to the Ns winding. Since the discharge
of the parasitic capacitance of Qe and Qf is completed in Mode3, their voltages remain constant in Mode4.As
both Qg and Qn conduct, Vns = Vne = 0, and the magnetizing current remains unchanged. If the magnetizing
current flowing through the Ns winding is im and the magnetizing current at the end of Mode3 is im(T3), then:

Np

Ina = im(T3) X N_S

Afterward, Qe and Qs turn on again, transitioning back to Mode1.

Qe
D. | Q L
ZS JE’\ES g rHijll AMAL Vout
V. [_ U C \l, —
e Np ‘ Ns Jr_}S = |8
o
7y i |
Db J Irn4

Qf

load current
"""" Excitation current

Fig. 3.11 Mode4 Circuit Operation
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Since the magnetizing current im is smaller than the load current i, im is magnified in the waveform shown in
Figure 3.12.

== < Moded
P Mode1 <i_ Mode2 —2 i< Mode3
VGATE
(Qe2 Q1) ov
Wi, S
Vos Vin/2
(Qer Q1) ov
Excitation current T T
i st 0A
- Vin
Vie oV
Vi —
IL -_———_—_—-_ it VDI.It
0A
T1 g T2 S —T3
> € T4
Fig. 3.12 TTF Current Waveforms
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3.2.2. ITTF Circuit

An interleaved circuit is a configuration in which two or more circuits share certain components, such as

smoothing capacitors, and operate synchronously with phase shifts.

Figure 3.13 shows the ITTF circuit. The two circuits (Circuit 1 and Circuit 2) are driven with a 180° phase shift.
As a result, the output waveforms of each circuit overlap, reducing ripple current and effectively doubling the
operating frequency. Switching losses are distributed, reducing the load on each switching device and
simplifying thermal design. Additionally, the reduced ripple current and increased effective frequency allow for
downsizing of the smoothing capacitors.

Circuit 1

Vin

Circuit 2

Fig. 3.13 ITTF Circuit

Figure 3.14 illustrates the turn-on timing of the switching devices and the output current waveform in the
ITTF circuit. IL1 represents the output current from Circuit 1 in Figure 3.13, and Iz represents the output current
from Circuit 2. The total output current of the interleaved circuit is L1 + l.2, shown as IL in Figure 3.14.
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Fig. 3.14 ITTF Current Waveforms
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3.3. ORing Circuit

Figure 3.15 shows the configuration of the ORing circuit.

The ORing circuit enables continuous system operation by connecting multiple power supplies in parallel, so
that if one power unit fails, the others continue to supply power. It is used to increase output capacity and
ensure redundancy.

When combining outputs from multiple power supply units into a single bus, it is necessary to prevent a failed
unit from affecting the others. Therefore, power MOSFETs are used at the output of each power supply unit to
prevent reverse current and ensure electrical isolation between units.

Although MOSFETs function as switches, in systems such as servers that require continuous operation, they
are rarely turned off and operate almost always in the on-state, functioning as simple conductors during normal
operation. Therefore, MOSFETs used in ORing circuits must have low conduction losses. Selecting MOSFETs with
low on-resistance and fast switching capability improves system efficiency and reliability.

ORing MOSFET

l_a_l
1

l_
Power supply unit 2 H |

Power supply unit 1

.|_
.|_

Output

|_

1)
[Ph
}
L

Fig. 3.15 ORing Circuit
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4. 1.1kW ITTF AC-DC Converter for Servers

This chapter describes the configuration and circuit design overview of this design.Figure 4.1 shows the block
diagram of the circuit.

The Totem-pole PFC and ITTF circuits are controlled by an MCU located on the primary-side. Each MOSFET
on the secondary-side of the ITTF is driven via a digital isolator (DCL541A01).

Totem-pole PFC Interleaved Two Transistor Forward
TW107265C
TK024N60Z1 i TK165V60Z1 TPH1R306PL

T T X ] g

g Jag Nz g = Iad L] | _ORing
ACin : ¥
90 to 264 V : H ‘ HTPHRE503PLIS oo

O—" L i " i
: L )y o B B
O : T / / 5‘ TPH1r204pL | §  fAL

N I , , o T S =

= - i . :

bt B s hRéx R LR

i ' %

S S S

PFC
[ Gate Signals
L, Primary : : S d
MCU Gate Signals |—> —D—' l—D— - Gaizogig?gs
[
DCL541A01
Fig. 4.1 Circuit Block Diagram
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4.1. Specifications
Table 4.1 lists the main specifications of this design.
Table. 4.1 Specifications of This Design

Item Conditions Min. Typ. Max. Unit
Input characteristics
AC input voltage (rms) 90 264 \
AC input current (rms) Vin = AC 90V, lout = 92A 14 A
Input frequency 47 63 Hz
Internal characteristics (Interleaved PFC circuit)
Output voltage 385 V
Maximum output power Vin = AC 230V 1.2 kW
Switching frequency 65 kHz
Output characteristics (ITTF DC-DC Converter circuit)
Output voltage 11.4 12 12.6 vV
Output current 96.5 A
Maximum output power 1.1 kW
Switching frequency 80 kHz
Output ripple voltage T. = 25°C 240 mV
Other
Protective functions Output'ove'rvoltage !orotectlon, output overcurrent protection, and output

short-circuit protection
Board | p, . Main board: FR-4 4-layer structure, copper foil thickness 105um
oard fayer configuration Control board : FR-4 4-layer structure, copper foil thickness 35um
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4.2. Totem-pole PFC Circuit

Figure 4.2 shows the circuit used in this design. TW107Z65C is used for the PWM switching elements (Q3,
Q4), and TK024N60Z1 is used for the half-wave switching elements (Q1, Q2) of the input voltage.

Fig. 4.2 Totem-pole PFC Circuit
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4.3. ITTF Circuit

Figure 4.3 shows the primary-side circuit of the ITTF, and Figure 4.4 shows the secondary-side circuit. Figure
4.5 is a simplified diagram of Figure 4.4 for easier understanding of the circuit configuration.

In the primary-side ITTF circuit shown in Figure 4.3, TK165V60Z1 is used as the control MOSFET, and it is
controlled via high-side/low-side gate driver ICs based on signals from the MCU. Circuit current is detected
using a sense resistor and transmitted to the MCU via a differential amplifier circuit.

In the secondary-side rectifier circuit shown in Figure 4.4, two TPH1R204PL MOSFETs are used in parallel as
control devices. Control signals are input to the low-side gate driver IC via a digital isolator (IC11 DCL541A0Q1)
from the MCU. Overvoltage detection signals from the forward converter output are also transmitted to the
MCU via the digital isolator. Output voltage information from the forward converter is transferred to the
primary-side via the isolation amplifier TLP7820 and detected by a differential amplifier circuit.
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Fig. 4.4 ITTF Circuit (Secondary Circuit)
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Fig. 4.5 Secondary Circuit Simplified Diagram
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4.4. ORing Circuit

Figure 4.6 shows the ORing circuit used in this design. The power supply is not directly connected to the bus,
but through the ORing circuit, enabling reverse current prevention during hot-plugging and output isolation
during short circuits.

In this design, three TPHR6503PL MOSFETs are connected in parallel on the output line for ORing, and these
MOSFETs are controlled by a hot-swap voltage controller IC (IC15 TPS2419D).

The voltage controller IC monitors the source-drain voltage Va — Vc of the MOSFET and controls the gate
accordingly. When Va—Vc > 65mV, the gate is driven high, turning the MOSFET on. If Va — Vc falls below the
turn-off threshold set by the resistor connected to the RSET pin, the gate is pulled low (to GND).The gate drive
voltage is referenced to Va, and the gate is driven high only when Va > Vc.

Additionally, if the bus voltage is higher than the forward converter output voltage, the MOSFET is turned off
to prevent reverse current. Furthermore, gate control is enabled when the EN pin of the voltage controller IC is
above 1.3V; if EN is low, the gate remains low.

o o

Fig. 4.6 ORing Circuit
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Terms of Use

This terms of use is made between Toshiba Electronic Devices and Storage Corporation (“We") and Customer who downloads or
uses this Reference Design. Customer shall comply with this terms of use. This Reference Design means all documents and data
to design electronics applications on which our semiconductor device is embedded.

Section 1. Restrictions on usage

1. This Reference Design is provided solely as reference data for designing electronics applications. Customer shall not use this
Reference Design for any other purpose, including without limitation, verification of reliability.

2. Customer shall not use this Reference Design for sale, lease or other transfer.

3. Customer shall not use this Reference Design for evaluation in high or low temperature, high humidity, or high electromagnetic
environments.

4. This Reference Design shall not be used for or incorporated into any product or system whose manufacture, use, or sale is
prohibited under any applicable laws or regulations.

Section 2. Limitations

1. We reserve the right to make changes to this Reference Design without notice.

2. This Reference Design should be treated as a reference only. WE ARE NOT RESPONSIBLE FOR ANY INCORRECT OR INCOMPLETE
DATA AND INFORMATION.

3. Semiconductor devices can malfunction or fail. When designing electronics applications by referring to this Reference Design,
Customer is responsible for 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 semiconductor devices could
cause loss of human life, bodily injury or damage to property, including data loss or corruption. Customer must also refer to and
comply with the latest versions of all relevant our information, including without limitation, specifications, data sheets and
application notes for semiconductor devices, as well as the precautions and conditions set forth in the "Semiconductor Reliability
Handbook".

4. Designing electronics applications by referring to this Reference Design, Customer must evaluate the whole system sufficiently.
Customer is solely responsible for applying this Reference Design to Customer's own product design or applications. WE ASSUME
NO LIABILITY FOR CUSTOMER'S PRODUCT DESIGN OR APPLICATIONS.

5. WE SHALL NOT BE RESPONSIBLE FOR ANY INFRINGEMENT OF PATENTS OR ANY OTHER INTELLECTUAL PROPERTY RIGHTS OF
THIRD PARTIES THAT MAY RESULT FROM THE USE OF THIS REFERENCE DESIGN. NO LICENSE TO ANY INTELLECTUAL PROPERTY
RIGHT IS GRANTED BY THIS TERMS OF USE, WHETHER EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE.

6. THIS REFERENCE DESIGN IS PROVIDED "AS IS". WE (a) ASSUME 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 (b) DISCLAIM ANY AND ALL EXPRESS OR IMPLIED
WARRANTIES AND CONDITIONS RELATED TO THIS REFERENCE DESIGN, INCLUDING WITHOUT LIMITATION, WARRANTIES OR
CONDITIONS OF FUNCTION AND WORKING, WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE,
ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

Section 3. Terms and Termination

It is assumed that Customer agrees to any and all this terms of use if Customer downloads or uses this Reference Design. We may,
at its sole and exclusive discretion, change, alter, modify, add, and/or remove any part of this terms of use at any time without any
prior notice. We may terminate this terms of use at any time and without any cause. Upon termination of this terms of use,
Customer shall eliminate this Reference Design. Furthermore, upon our request, Customer shall submit to us a written confirmation
to prove elimination of this Reference Design.

Section 4. Export Control

Customer shall not use or otherwise make available this Reference Design 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). This Reference Design may be controlled under the applicable export laws and regulations
including, without limitation, the Japanese Foreign Exchange and Foreign Trade Act and the U.S. Export Administration Regulations.
Export and re-export of this Reference Design is strictly prohibited except in compliance with all applicable export laws and
regulations.

Section 5. Governing Laws
This terms of use shall be governed and construed by laws of Japan, without reference to conflict of law principle.

Section 6. Jurisdiction
Unless otherwise specified, Tokyo District Court in Tokyo, Japan shall be exclusively the court of first jurisdiction for all disputes
under this terms of use.
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