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Description 
With the rapid progress of information and communication technologies, the volume of information 

processed every day has been increasing at an explosive rate in recent years. In response to this trend, 
many data centers have been constructed and expanded, however, due to the huge rise in the total amount 
of power utilized by all the data center’s activities, the reduction of power consumption becomes significant. 
In this document, we consider one of the ways to reduce a data center’s power consumption using 48V 
bus voltage for server racks to improve its power supply efficiency, which is recommended by the Open 
Compute Project (OCP). The "open rack architecture" which is proposed by OCP uses 48V bus lines to be 
converted from the AC voltage while conventional server uses 12V bus lines to be converted from AC 
voltage. The power loss caused by a power line is calculated as I2R, where R is the power line resistance 
and I is the power line current, so the lower the current, the lower the power loss. Moreover, let us consider 
the power consumption when the same amount of power is supplied to server racks through 12V bus lines 
and 48V ones. The current that passes through a 48V bus line is one-fourth the current that passes through 
a 12V bus line. If the 48V bus lines and 12V ones have the same resistance with the bus lines, the 48V bus 
line solution has 1/16th less power consumption than the 12V one. To solve this problem, Toshiba offers a 
reference design for a Half-bridge DC-DC converter that efficiently steps down the 48V bus line voltage to 
1.2V to improve total system power consumption. The switching devices mounted in the reference design 
uses our latest generation small surface mount power MOSFET, which is ideal for DC-DC converters, and 
achieves high efficiency (up to 91%) and minimization of a convertor size (160mm x 100mm). 

This application note describes the basic operation of the Half-bridge DC-DC converter adopted for the 
reference design and the losses of the switching devices, and then verifies the effects on the efficiencies 
when the mounted switching devices are replaced. 
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1. Half-bridge DC-DC Converter Supporting 48V Bus System 
This application note shows the Half-bridge DC-DC converter supporting 48V bus voltage. Its input 

voltage range is compliant with the 48V bus for server applications as recommended by the Open Compute 
Project (OCP), which is specified to be in the range of 40VDC to 59.5VDC. This 1.2V/100A DC-DC 
converter can supply 1.2V directly from a 48V bus. Although the 1.2V/100A DC-DC converter is designed 
to supply power to the loads on a 48V server motherboard, it is well suited to various applications, including 
communication equipment with 48VDC lines and industrial systems powered by 48V batteries. The picture 
and main specifications of this DC-DC converter evaluation board are shown below(Fig.1.1, Table1.1). 
This section describes the basic operating principle of the Half-bridge DC-DC converter. 

 

 
 

Table 1.1 Input and output characteristics of Half-bridge DC-DC Converter 

 
 
 
 
 
 
 

Fig. 1.1 Picture of Half-bridge DC-DC converter evaluation board supporting 48V Bus systems 
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1.1. Schematic and Notes for Half-bridge DC-DC Converter Supporting 48V Bus System 
Fig. 1.2 is a schematic diagram of the DC-DC converter used in this evaluation. With the transformer T1 

as the boundary, the input side (primary side) is composed of two capacitors C1, C2 which divides the DC 
input and two switching devices TR1, TR2. The output side (secondary side) is composed of two switching 
devices TR3, TR4 that is intended for synchronous rectification and output smoothing filter circuits 
consisting of inductance L1 and capacitor C3. Half-bridge DC-DC converters have only one winding of the 
transformer, which makes it more efficient to use the transformer. In addition to the difficulty of direct 
current excitation due to C1, C2, these have the advantage of being able to use a low-voltage MOSFET on 
the switching device because the voltage on the transformer is only half that of the input voltage. Note, 
however, that the following points must be noted when driving a switching device. 

 
 Because the source of the upper arm (TR1) varies depending on the operation of the lower arm 

(TR2), dedicated drive circuitry with separate Vi and low-side drive power supplies and reference 
potential must be used to drive the upper arm (TR1). 

 Need to set a dead time to avoid the turning on of the upper and lower arms simultaneously. 
 
 
 

 
Fig. 1.2 Simplified schematic diagram of Half-bridge DC-DC converter 

 
 
 
Fig. 1.3 shows a detailed circuit diagram of the secondary side MOSFET. Q5 and Q6 correspond to TR3 

in Fig. 1.2, and Q7 and Q8 correspond to TR4. 
 
 

 
Fig. 1.3 Actual schematic diagram around the output side synchronous rectifying MOSFETs 

 
 

Vi : Input voltages 

Vcenter : midpoint potential 
between C1 and C2 

Vsync1 :TR4 drain voltage 
Vsync2 :TR3 drain voltage 
RL : Output load 
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1.2. Waveforms of The Half-bridge DC-DC Converter Supporting 48V Bus System 
There are four modes of operation for TR1, TR2's on/off timing of the switching device and TR3 and TR4, 

which turn on/off synchronously with TR1 and TR2. Fig. 1.4 shows the current path in each operation mode, 
and Fig. 1.5 shows the waveforms of each switching device and L1. 

 
・Operating mode-1: TR1 and TR4 on, TR2 and TR3 off 

As shown by the dotted arrow in Fig. 1.4(a), when TR1 is on, current flows through TR1 and then flows 
through the primary end of T1 to charge C2. Here, energy is propagated from the primary side to the 
secondary side through the transformer T1, and C3 is charged through the on TR4 and L1. 

 
・Operating mode-2: TR1, TR2 off, TR4 on, TR3 off on 

As shown in Fig 1.5, TR3 is turned on when TR1 is turned off. As shown in Fig. 1.4(b), the primary side 
does not allow the flow of current because both TR1 and TR2 are off, but the secondary side allows current 
to flow along the dotted arrow path through the energy stored in L1. 

 
・Operating mode-3: TR2 and TR3 on, TR1 and TR4 off 

As shown by the dotted arrows in Fig. 1.4(c), current flows from C1 through the primary side of T1 through 
the ON state’s TR2. Energy propagates from the primary side to the secondary side through the trans T1, 
but as opposed to operation mode-1, energy flows from the on TR3 to the secondary side of the transformer 
through L1 to charge C3. 

 
・Operating Mode-4: TR1, TR2 off, TR3 on, TR4 off on 

As shown in Fig 1.5, TR4 is turned on when TR2 is turned off. As shown in Fig. 1.4(d), current does not 
flow on the primary side because both TR1 and TR2 are off, but the energy stored in L1 on the secondary 
side causes the current to flow along the dotted arrow path. 

 
 
 
 

 
Fig. 1.4 Half-bridge DC-DC converter operation modes 
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The figure below shows the simplified operation waveforms of the half-bridge DC-DC converter. Fig. 1.4 
shows the gate voltage (VG) of the switching device TR1-TR4, the midpoint potential Vcenter between C1 and 
C2, the drain voltage Vsync1 of TR4, the drain voltage Vsync2 of TR3, the voltage VL1 and current IL1 of the 
inductance L1, and the drain current (ID) of TR1-TR4 for the operation modes-1 to 4. The current of TR3 and 
TR4 flows from the source to the drain so that current waveforms are represented as negative values. 

 
 
 

 
Fig. 1.5 Simplified waveforms of Half-bridge DC-DC converter 
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2. Power Losses of DC-DC Converters 
Losses in step-down DC-DC converters occur in the path through which current flows. Among the losses 

that occur, generally the loss due to MOSFET’s switching operation is the largest, followed by the loss 
generated by the inductance placed on the output side. With the transformer as the boundary shown in  
Fig. 1.2, the loss of TR1, TR2 of the input side (primary side), TR3, TR4 of the output side (secondary side) 
and inductance when designing DC-DC converter should be estimated. In MOSFETs, switching loss, gate 
drive loss, output capacitance loss, and diode reverse recovery loss are generated in addition to the loss 
due to steady-state current (conduction loss). 

 
 

2.1. Loss Index and Loss Calculation Method of Switching Devices 
To simplify the explanation, we will use a typical buck-type DC-DC converter consisting of two MOSFETs 

instead of a half-bridge type DC-DC converter. Fig. 2.1 and 2.2 show the schematic, main loss factors and 
the simplified MOSFET operation waveforms. To consider the loss of the Half-bridge type DC-DC converter, 
the High-side MOSFET in Fig. 2.1 corresponds to the primary MOSFET in Fig. 1.2, and Low-side MOSFET 
in Fig. 2.1 corresponds to the secondary MOSFET in Fig. 1.2. 

 
 

Conduction (PC) are calculated in tON section and tOFF section. In this circuit, the Low-side MOSFET is 
turned off when the High-side MOSFET is turned on, and the losses are calculated from the drain current 
(IDS) flowing through each MOSFET, the on-resistance (R DS(ON)) of MOSFET and the conduction duty ratio 
of the switching operation (d.c = tON/T: d.c is duty cycle, T is one cycle of the switching operation). The 
conduction losses of the respective MOSFET are calculated by the following formula. 

 
High-side MOSFET  PC_H = IDS2 x R DS(ON) x d.c [W] Use tON_H and T_H for d.c 
Low-side MOSFET  PC_L = IDS2 x R DS(ON) x d.c [W] Use tON_L and T_L for d.c 
 
 

The switching loss (PSW) is calculated in tr section and tf section. Losses occur during transitions in which 
the MOSFET between High-side and Low-side alternately turns on and off. Since the formula for obtaining 
the area of the triangle is similar to the calculation of the power loss during the switching transition, it is 
calculated by approximating it with a simple figure calculation. Switching losses increase in proportion to 
the switching frequency (fSW) and are calculated by multiplying the switching frequency, drain current (IDS), 
drain source voltage (VDS), and on period (tON) for one switching operation cycle. The switching loss of the 
High-side MOSFET can be calculated by the following equation. As for the Low-side MOSFET, the gate 
turns on while the body diode is conducting, and when the gate turns off, IDS continues to flow through the 
body diode in the same direction, so the drain voltage remains low and the switching loss is very small. 
 

High-side MOSFET  PSW_H = 1/2 x IDSx VDS x (tr_H + tf_H) x fSW[W] 
 
 
Gate drive loss (PG) is a power loss that results from charging the MOSFET's gates. This loss depends on 
High-side and Low-side MOSFET gate capacitances and it is calculated from the switching frequency (fSW), 
Gate charge at VGS (Qg) and Gate voltage (VGS). The gate drive loss is calculated by the following formula: 

 
PG = (Qg_H+ Qg_L) x VGS x fSW [W] 
However, Qg_H and Qg_L indicate High-side MOSFET charge and Low-side MOSFET charge  
respectively. 
 
 

Output Capacitance Loss (PQOSS) is a loss of charge for High-side and Low-side MOSFET output 
capacitance (COSS) during MOSFET switching operations. The switching frequency (fSW), charge between 
drain sources (QOSS), and drain-source voltage (VDS) are used for approximation by a simple figure 
calculation, and are calculated by the following formula: 
 

PQOSS = (QOSS_H+ QOSS_L) x VDS x fSW [W] 
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However, QOSS_H indicates the amount of charge between drain sources in High-side MOSFET, and QOSS_L 
indicates the amount of charge between drain sources in Low-side MOSFET. QOSS can be calculated by 
the following equation, where C(v) is a function of the output capacitance COSS with VDS dependency. 
 

QOSS=∫ 𝐶𝐶(𝑣𝑣)𝑑𝑑𝑣𝑣𝑉𝑉𝑉𝑉𝑉𝑉
0  

 
When the High-side MOSFET is turned on, the forward-biased Low-side MOSFET body diodes are 
reverse-biased. During this transition, residual carriers in the body diodes are swept out and the 
reverse-biased condition is restored, resulting in reverse-recovery-loss (PDIODE). This loss is calculated from 
the switching frequency (fSW), drain-source voltage (VDS), diode reverse recovery current (Irr), and reverse 
recovery time (trr), and is given by the following equation: 

 
PDIODE = 1/2 x VDSx Irr x trr x fSW [W] 
 

 
Fig. 2.1 Schematic diagram of step-down DC-DC converter and main loss factors 

 
Fig. 2.2 MOSFET operation waveform of step-down DC-DC converter 
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2.2. Power Losses Depending on Output Load 
Switching-type DC-DC converters generally consist of PWM (abbreviated as Pulse Width Modulation) 

control combined with negative feedback amplifiers. PWM control is a method of controlling an object by 
changing the pulse width ratio (duty ratio) between the on and off times of a pulse train. For the half-bridge 
type DC-DC converter shown in Fig. 1.2, the output power is controlled by alternately turning on and off the 
two primary MOSFETs and changing its duty ratio by the output of a control IC called a PWM controller. 

 
Fig. 2.3(a) shows the basic configuration of the PWM control circuit. The node of a sensing resistor (R1, 

R2) that monitors the change in the power supply outputs and the node of reference voltage (Vref) are 
connected to the input end of the error amplifier (A1). For example, if the output load increases and the 
output voltage decreases, the input voltage of the error amplifier (A1) becomes lower compared to the 
reference voltage (Vref), so the output voltage of A1 rises. A2, on the other hand, is a voltage-comparator. If 
a triangular wave with a frequency sufficiently higher than the frequency of the input signal from A1 is 
applied to the negative terminal of the input, and the output voltage of A1 is connected to the positive 
terminal, a pulse-modulated signal that repeatedly turns on and off within a certain period can be obtained 
as shown in Fig. 2.3 (b). The output pulse width and duty cycle vary depending on the magnitude of the 
input signal from A1. When the output voltage of A1 increases, the duty cycle of the PWM output increases. 
The MOSFET is driven by a gate signal that varies the ratio of the on-off time generated by the PWM 
control circuit, and the constant voltage control of DC-DC converter is performed. 
 
 

 
Fig. 2.3 PWM control basic configuration and duty-ratio control operation principles 

 
 

Fig. 2.4 shows the duty ratio of the primary MOSFET when the output load of the half-bridge type DC-DC 
converter changes as shown in Fig. 1.2. It can be seen that the duty cycle of a MOSFET is varied by PWM 
control. When the output load is light, the duration when a MOSFET is turned on in one period is short, and 
the loss is mainly dominated by the switching loss. On the other hand, when the output is heavy load, the 
duration when a MOSFET is on becomes long and conduction losses are dominant. 
 

 
Fig. 2.4 Output load dependency of primary MOSFET switching timing of step-down DC-DC converter 



Efficiency evaluation of Half-bridge DC-DC converter 
supporting 48V Bus system 

Application Note 

 2020-09-03 11 © 2020 
Toshiba Electronic Devices & Storage Corporation 

3. Power MOSFETs Lineup for Efficiency Evaluation 
Toshiba offers the U-MOSⅧ-H, U-MOSⅨ-H and U-MOSⅩ-H low-voltage MOSFET series which suits 

primary (main switch) and secondary (synchronous rectification) sides of DC-DC converters. Toshiba provides 
MOSFETs with wide range of VDSS from 30V to 250V and various on-resistance types in each VDSS class so 
you can find proper MOSFETs when designing a DC-DC converter, according to its circuit topology, input and 
output voltages, output specification, and the locations of MOSFETs on circuit (primary or secondary side). 
Figure 3 shows the lineup of the U-MOSⅧ-H, U-MOSⅨ-H and U-MOSⅩ-H MOSFET series. 

 

 
Fig. 3.1 Product lineup of the U-MOSⅧ-H, U-MOSⅨ-H and UMOSⅩ-H MOSFET series 

 
 
 
 

3.1. List of Switching Devices to be compared 
Table 3.1 shows the main specifications of MOSFETs used in this evaluation. The primary side is a 

product with 100V withstand voltage. Three types of MOSFETs are prepared which differ in on-resistance 
between drain and source and in input capacitance. In particular, since switching loss is considered to 
dominate on the primary side, the light-load dependence of the input capacitance is confirmed by including 
Company B devices, which clearly have a smaller input capacitance compared to the other two devices.  
Subsequently, four types of MOSFET with different drain-to-source on-resistance and input-capacitance on 
the secondary side were also prepared, however TPHR6503PL was selected, which is a drain-to-source 
on-resistance approximately half the size of the other MOSFETs considering that conduction loss will 
dominate over the primary side. The impact on efficiency during heavy loads with other products was then 
compared. 

 
 

Table 3.1 Main specifications of evaluation MOSFETs 
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4. Efficiency Evaluation Results 
In this evaluation, we verified the basic characteristics and efficiencies of DC-DC converters with the 

products listed in Table 3.1 using our 48V bus-voltage compatible half-bridge DC-DC converter boards. In 
the efficiency evaluation, 12 patterns of combinations of three types of switching devices of primary side 
and four types of switching device on the secondary side were measured and the results were compared. 
The switching frequency is set to 302 kHz. (This can be set by connecting a 20kΩ resistor to the RT 
terminal of the control IC.) 

 
Efficiency is one of the most important characteristics of DC-DC converters. Efficiency is the ratio of the 
power output to the power input of DC-DC converter and it is calculated by the following formula. 

 
 Efficiency = (Vout × Iout)/(Vin × Iin) × 100 [%] 
 
 

In this evaluation, we measured Vin, Iin, Vout and Iout for 12 patterns of switching device combinations under 
the following conditions, calculated the efficiency and compared the trends of each pattern. Fig. 4.1 shows 
the connection diagram for efficiency measurement. DC-DC converter circuit board is installed in a 
temperature chamber so that the entire circuit board is uniformly heated, and that the air from the fan in the 
chamber constantly blows the circuit board. 
 
  
 Input Voltage (Vin)  = 40V, 54.5V, 59.5V 
 Outside temperature (Ta) = 25℃ 
 Output Load Current (Iout) = 0A, 10A - 100A (10A increments, Vin=40V up to 50A) 
 
 
 
 
 

 
Fig. 4.1 Connection between evaluation board and each equipment for efficiency measurement 
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4.1. Input/Output Characteristics of Half-bridge DC-DC Converter Evaluation Board 
Fig. 4.2(a) - (f) show the basic characteristics of DC-DC converter. Ripples on the input side are caused by 

pulsating currents flowing through the internal oscillator and should be small because they can interfere 
with other parts of the circuit through parasitic inductances and capacitances on the PCB (Printed circuit 
board) wiring, leads and connections. On the output side, the ripple voltage is generated by the current 
flowing through the ESR (series equivalent resistance) of the capacitor when the coil current due to 
switching or the current energy stored in the coil is opened to the load capacitor. This ripple voltage is the 
main output fluctuation factor of the switching power supply, and it is desirable that the ripple voltage 
generated on the input side is as small as possible like the ripple current. In this evaluation board, the input 
ripple current is about 190mA (p-p) and the output voltage ripple is about 340mV (p-p). Fig. (e) The 
dynamic response of output voltage indicates the stability of the output voltage when the output load 
fluctuates. Fig. (f) shows the efficiency of this evaluation board with respect to the output load current, 
achieving a maximum efficiency of 87.5% when the input voltage is 40V and the load current is 30A. 
The measurement conditions in Fig. 4.2(a) - (e) are Ta=25℃, Vin=54.5V, Iout=100A (however, the load 
response is between 25A and 75A). 

 
(a) Input Reflection Ripple Current                (b) Output Voltage Ripple and Noise 

    
 
(c) Output Voltage Start-up        (d) Output Voltage Shutdown 

    
 
(e) Dynamic response of output voltage     (f) Efficiency curve 

    
Fig. 4.2 Basic characteristics of DC-DC converter input/output 
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4.2. Effect of Primary Switching Device on Power Conversion Efficiency 
Fig. 4.3(a) shows the efficiency curve when the secondary side MOSFET is fixed to TPHR6503PL and the 

primary side MOSFET is changed to TPN1200APL, Company A or Company B device. Since switching 
loss dominates at light loads (10-30 A), Company B device with the smallest input capacitance achieves 
the highest efficiency of 87%. However, TPN1200APL has an advantage in medium to heavy loads 
(40-100A). This is because of the fact that the input capacitance is 1435 pF, which is the second smallest 
compared to that of Company B device, as well as the drain-to-source on resistance of 9.8 mΩ which is 
about 12.5% smaller than that of Company B's 11.2 mΩ. Fig. 4.3 (b) - (d) show the results of measuring the 
temperatures of MOSFET devices on the primary sides when a respective MOSFET is used on the primary 
side. When A Company device which shows the lowest efficiency result is used on the primary side 
(Fig.(a)), it is clear that the device temperature is higher at all output current and the loss is larger than that 
of other products (Fig.(c)). As shown in Table 3.1, it is presumed that the gate drive loss and the output 
capacitance loss are large because the input capacitance is 12% and the output charge is 25% or more 
larger than the TPN1200APL. Q1 and Q2 in Fig. 4.3 are TR1 and TR2 in Fig. 1.2.  

 
 
 

(a) Efficiency comparison of primary-side MOSFET  (b) primary device: TPN1200APL and its temp. 

  
 
 
 
(c) Primary device: Company A and its temp.      (d) Primary device: Company B and its temp. 

   
Fig. 4.3 Efficiency influence by primary side MOSFETs, and its temperatures depending on output load 
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4.3. Effect of Secondary Switching Device on Power Conversion Efficiency 
Fig. 4.4(a) shows the efficiency curve when the primary side MOSFET is fixed to TPN1200APL and the 

secondary side MOSFET is changed to TPHR6503PL, TPHR9203PL, Company A or Company C device. 
In Table 3.1, when we confirm QOSS that affects the efficiency at light load (10-40 A), TPHR9203PL or 
Company A's device are small and achieve the highest efficiency of 87%. However, for medium to heavy 
loads (50 to 100A), conduction losses are dominant, so TPHR6503PL with the smallest on-resistance 
between the drain and source has an advantage, and then followed by TPHR9203PL. Fig. 4.4 (b) - (e) 
show the results of measuring MOSFET device temperatures on the secondary sides when each MOSFET 
is used on the secondary side (TPN1200APL is used for the primary side MOSFET). Focusing on the 
highly efficient TPHR6503PL (Fig. (b)) on the heavy-load side, Q7 exceeds 75°C, but the other MOSFET is 
below 75°C, confirming that heat generation is relatively lower than other MOSFET. 
. 
 
 
(a) Efficiency comparison of secondary-side MOSFET 

   
 

(b) Secondary device: TPHR6503PL and its temp.   (c) Secondary device: TPHR9203PL and its temp. 

  
 
(d) Secondary device: Company A and its temp.    (e) Secondary device: Company C and its temp. 

  
Fig. 4.4 Efficiency influence by secondary side MOSFETs, and its temperatures depending on output load 

Q5 and Q6 in Fig. 4.4 correspond to TR3 in Fig. 
1.2, and Q7 and Q8 correspond to TR4 . Refer to 
Fig. 1.3 for detailed wiring of Q5 to Q8. 
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4.4. Conclusion 
Since the primary side is dominated by the effect of switching losses, MOSFET products with small input 

capacitance are superior, and high efficiencies have been achieved in TPN1200APL for medium to heavy 
loads (40 to 100A). The reason for this is that the input capacitance is small and the on-resistance is also 
as small as 9.8mΩ. On the secondary side, the built-in diodes operate before the MOSFET is turned on, so 
conduction losses are predominant. Therefore, it is advisable to select a MOSFET with a small 
on-resistance. In the efficiency evaluation when the MOSFET shown in Table 3.1 is applied to the 
secondary side, TPHR6503PL with the smallest on-resistance exhibited high efficiency from medium load 
to heavy load. Finally, we were able to confirm from this evaluation that using TPN1200APL for the primary 
side and TPHR6503PL for the secondary side is the most efficient combination. 

 
 
 

5. Application support 
Detailed information on the reference designs adopted for this application note can be found at the 

following URL: 
https://toshiba.semicon-storage.com/us/semiconductor/design-development/referencedesign/articles/12v-
100a-output-dc-dc_power_supply_rd040.html 

 
 
 

Notes on Contents 
1. Block Diagrams 

Some of the functional blocks, circuits, or constants in the block diagram may be omitted or simplified 
for explanatory purposes. 

 
2. Equivalent Circuits 

The equivalent circuit diagrams may be simplified or some parts of them may be omitted for 
explanatory purposes. 
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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 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 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. 
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