ROHM

Application Note

SPICE Modeling Report

4.5V to 28 V Input, 1.0 A Integrated MOSFET
Single Synchronous Buck DC/DC Converter

BD9E105FP4-Z

General Description
In this report, the characteristics that can be confirmed by the simulation using the SPICE model of the regulator IC
BD9E105FP4-Z will be described.

Simulation Environment

® Circuit Simulator : PSpice / Cadence Design System, Inc.
m Version Information :17.2-2016

B OS Information : Windows 10 64-bit Edition

B Target Datasheet : TSZ02201-0T7TOAJO01560-1-2

File Information
® Library File Name : BDOE105FP4-Z_PSpice.lib
® Symbol File Name : BD9E105FP4-Z_PSpice.olb
® Subcircuit and Symbol

Table 1 Correspondence Table

Product Name Subcircuit Symbol

BD9E105FP4Z

(Model for Transient Analysis) BDOE105FP4-2

BD9E105FP4-Z

BDOE105FP4Z_AVE (Note?)

(Model for AC Analysis) BDOE105FP4-Z_AVE

(Note 1) BDOE105FP4-Z_AVE is the spice macro model for Frequency Characteristic (AC simulation). Refer to Page 11 to 13 for simulation detail.

Caution

B These model characteristics are specifically at Ta = 25 °C. Thus, the simulation result with temperature variances may
significantly differ from the result with the one done at actual application board (actual measurement).

B The simulation result and characteristics described in this report may differ depending on the board design.
It is recommended to perform the measurement on the actual board to verify the result.

B The values from the simulation results are not guaranteed. Use these results as a guide for your design.

B Actual measurement was done using a specific sample, thus the measured data is just as a reference.
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BD9E105FP4-Z SPICE Modeling Report Application Note

BD9E105FP4-Z Spice Model

B Pin Information

Ul

3 6
VIN BOOT [—

5 2
EN SW

1 4
GND FB [—

BDO9E105FP4-Z

Figure 1 Symbol of BD9E105FP4-Z

Table 2 Subcircuit Pin Table

B Model Parameter

Pin No. Pin Name Pin No. Pin Name
1. GND 4. FB
2. SW 5. EN
3. VIN 6. BOOT

Table 3 Model Parameter Table

Parameter

Default Value

Description

BD9E105FP4-Z_AVE

Set the VIN value.

V_VIN 3.3 On Duty parameter for the Denominator.
On Duty is givenas {V_VO /V_VIN }.
Set the VOUT value.

V_Vo 12 On Duty parameter for the Numerator.

L 10u Set the inductor value.
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BD9E105FP4-Z SPICE Modeling Report Application Note

Verifiable Characteristics

B Electrical Characteristics (vs. Datasheet) -+« «orevevimi 4
B Characteristic in SPICE (vs. Measured Waveform) -« «oovove 5
> BD9E105FP4-Z
v' Output Ripple Voltage (VIN =5V, VOUT = 1.2 V) «-orerererrrernnn 5
v" Output Ripple Voltage (VIN = 12V, VOUT = 3.3 V) rerrrrerreeaniiiiiiiii, 6
v Output Ripple Voltage (VIN =24 V, VOUT = 12 V) s-vvvrremmreniiiiiiiii, 7
v' Load Response (VIN =5V, VOUT = 1.2 V) --oreeereremmmnmin 8
v" Load Response (VIN = 12V, VOUT = 3.3 V) --ooooooommmmiiiiiniii, 9
v' Load Response (VIN =24 V, VOUT = 12 V)-roooeoeeimmmiiiii, 10
> BD9E105FP4-Z_AVE
v Frequency Characteristic (VIN =5V, VOUT = 1.2 V) -oreeereremminnnnn 11
v Frequency Characteristic (VIN =12V, VOUT = 3.3 V) «-rreerremremmennnn 12
v Frequency Characteristic (VIN = 24 V, VOUT = 12 V) «+reeeeererernmnnnnn. 13
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BD9E105FP4-Z SPICE Modeling Report

Application Note

Electrical Characteristics (vs. Datasheet)

Table 4 Electrical Characteristics Comparison
Electrical Characteristics (Unless otherwise specified Ta =25 °C,Vin=12V,Ven=3V)

Modeled

Design Value

Parameter (Note) Datasheet | SPICE Unit | Error Condition
Input Supply
Shutdown Current Yes 3 3 A 0% | Ven=0V
Operating Quiescent Current Yes 55 55 MA 0% | loutr =0 A, No switching
UVLO Threshold Voltage Yes 3.9 3.9 \Y 0% | Vinfalling
UVLO Hysteresis Voltage Yes 350 350 mV | 0%
Enable
EN Threshold Voltage High Yes 1.2 1.2 \Y 0% | Ven rising
EN Threshold Voltage Low Yes 1.1 1.1 \Y 0% | Ven falling
EN Input Current Yes 0 0 MA 0% | Ven=3V
Reference Voltage, Error Amplifier, Soft Start
FB Threshold Voltage Yes 0.596 0.596 \Y 0%
FB Input Current Yes - 0 nA - Ves = 0.7V
Soft Start Time Yes 5 5 ms 0%
SW (MOSFET)
Switching Frequency Yes 500 500 kHz | 0%
Maximum Duty Ratio Yes - 90 % -
High Side FET ON Resistance Yes 165 165 mQ | 0% | Veoor-Vsw=5V
Low Side FET ON Resistance Yes 95 95 mQ | 0%
Protection
High Side Over Current Limit Yes 2.2 2.2 0%
Low Side Over Current Limit Yes 1.5 1.5 0%

(Note 1) Yes: Model available (supported), No: Model not available (not supported).
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BD9E105FP4-Z SPICE Modeling Report

Application Note

Characteristic in SPICE (vs. Measured Waveform)
1. Output Ripple Voltage (Vin =5V, Vour = 1.2 V)

ut Choot 0.1u

Simulation Setting

Type: Transient

Run Time: 6 ms

(Maximum Step Size: 10 ns)

PARAMETERS:
bias = 1

VIN BOOT |
VIN  BOOT i} .‘ n Rdcr
o -]
EN SW VOouT
o sw A~ ARA
vi FB \\ 47u 18m
() == Cin2 = Cinl GND _ FB v < Resil < Resr2
oo | 2 [0 p——— o T om
AC =
TRAN # pulse(0,[5, 1u,1u,|1y, 2, 5) S Rioad
T=coutt I Cou2 < 1.
{@7ubias} | (a7urbias)
v2 < RL cib
) > 62 120p

DC = Resr3

AC =

TRAN = pulse(0,[3, 10u, 1u, 1u, 2, 5)

5m
< R2
> 62
"0 "0 0

Simulation Schematic 1

Vourt : 5 mV/div

‘ NONON N
) N
Vsw : 1 V/div
I
\
|
\
ke e ol
Time = 2 ps/div

Figure 3.
Output Ripple Voltage (VIN =5V, VOUT =1.2 V)
(Measured Waveform)

Vourt : 5 mV/div

N e B Ny I

IR

" Vesw: 1 V/div

—

Time = 2 ps/div

Figure 4.
Output Ripple Voltage (VIN=5V, VOUT =1.2 V)
(SPICE Simulation)

Table 5 Characteristics Comparison

Parameter Mee(],\?ol:;e)(ﬂolzze)su't SPlClIf?Sér:lltjlatmn Unit Error Condition
Output Ripple ) o ViN=5V,Vour=1.2V,
Voltage 1.5 1.2 mV 20.0 % lout = 1A

(Note 1) The above data is based on a specific sample and it is not a guaranteed value.
(Note 2) These characteristics depend on some dynamic characteristics of external components, input signal speed,
PCB pattern and mounting condition of each on-board parts.

©2023 ROHM Co., Ltd.

5/14

65AN112E Rev.001
Jan.2023



BD9E105FP4-Z SPICE Modeling Report

Application Note

2. Output Ripple Voltage (Vin =12V, Vour = 3.3 V)

U1

Choot 0.1u

Simulation Setting

Type: Transient

Run Time: 6 ms

(Maximum Step Size: 10 ns)

PARAMETERS:
bias = 0.7

N e e n Rder
= N osw 'l AAAA AN vouT
Cj/l == Cin2 = Cinl —{ono e [—2 \ 1o s < Resil < Resr2
P BDSEL05FP4-Z > o 2m
AC =
TRAN # pulse(0, |12, 1u,14, 1u, 2, 5) S Rioad
= coutl I Cou2 3 33
1 @2wbias} | (22utbias)
v2 < RL = ci
> a0k 33
pC = Resr3
AC = AM
TRAN = pulse(0, [3, 10u, 1u, 1u, 2, 5) A
fe 5m
3 ek
o o o
Figure 5.
Simulation Schematic 2
Vour : 10 mV/div Vourt : 10 mV/div
8 //“\ //’ﬂ\\j,f \/f\\\. NN N /\i_/\ s
] . ] | ] ol Py oo = . = = = = — —
| Vsw: 3 V/div | | Vsw : 3 V/div
|
| ‘ { |
| | |
‘
|
|
\ ‘ | 1
.IP‘_-“ s s il ol s T e B EenE
Time = 2 ps/div Time = 2 ps/div
Figure 6. Figure 7.

Output Ripple Voltage (VIN =12V, VOUT = 3.3 V)
(Measured Waveform)

Output Ripple Voltage (VIN =12V, VOUT = 3.3 V)
(SPICE Simulation)

Table 6 Characteristics Comparison

Parameter Mee(],\?ol:;e)(ﬂolzze)su't Splciiﬂflatlon Unit Error Condition
Output Ripple AE o ViN=12V, Vour=3.3V,
Voltage 4.4 4.2 mV 4.5 % lour = 1A

(Note 1) The above data is based on a specific sample and it is not a guaranteed value.
(Note 2) These characteristics depend on some dynamic characteristics of external components, input signal speed,
PCB pattern and mounting condition of each on-board parts.
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BD9E105FP4-Z SPICE Modeling Report

Application Note

3. Output Ripple Voltage (Vin =24 V, Vour =12 V)

U1

BOOT

Choot 0.1u
I

VIN  BOOT

1t

Simulation Setting

Type: Transient

Run Time: 6 ms

(Maximum Step Size: 10 ns)

PARAMETERS:
bias = 0.2

Rdcr

EN en sw W AAA VOUT
Cj/l == Cin2 = Cinl —{ono e [E \\ 2 o < Resil < Resr2
P BDOE105FP4-Z 5 am 2m
AC =
TRAN # pulse(0, 24, 1u,14, 1u, 2, 5) < Rload
o= Coutl == Cout2 s 1
{22uwbias} | (22urbias)
V2 < R1L cfb
< 130k 12p
DC = Resr3
AC =
TRAN = pulse(0, (3, 10u, 1u, 1u, 2, 5)
- 5m
< 6.8k
o o )
Figure 8.
Simulation Schematic 3
Vour : 50 mV/div Vour : 50 mV/div
g L PN ~ A
- . P gy b iy — i -
Vsw : 6 V/div Vsw : 6 V/div
B e e s e e s e e e e
Time = 2 ps/div Time = 2 ps/div
Figure 9. Figure 10.

Output Ripple Voltage (VIN =24 V, VOUT =12 V)
(Measured Waveform)

Output Ripple Voltage (VIN =24 V, VOUT =12 V)
(SPICE Simulation)

Table 7 Characteristics Comparison

Parameter Mee(],\?ol:;e)(ﬂolzze)su't SPlClIf?Sér:lltjlatmn Unit Error Condition
Output Ripple o ViIN=24V, Vour =12V,
Voltage 16 16 mv 0.0% lout=1A

(Note 1) The above data is based on a specific sample and it is not a guaranteed value.
(Note 2) These characteristics depend on some dynamic characteristics of external components, input signal speed,
PCB pattern and mounting condition of each on-board parts.
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BD9E105FP4-Z SPICE Modeling Report

Application Note

4. Load Response (Vin =5V, Vour =1.2 V)

ut Choot 0.1u
VIN BOOT |
VIN  BOOT i} " Rder

Simulation Setting

Type: Transient

Run Time: 12 ms

(Maximum Step Size: 10 ns)

PARAMETERS:

vouT

EN sw J
N sw AN AM

Vi FB 4.7u 18m
() == cinz =F cin1 GND__FB

0u | 0du BDYE105FP4-Z

DC=

TRAN # pulse(0,[5, u,1u,|1u, 2, 5)
V2

DC =

> R1 = cfb
> 6.2k

Resr3
AM

AC =
TRAN = pulse(0,[3, 10u, 1u, 1u, 2, 5)

AM

W
5m

> R2
> 6.2k

Resr2 N

> om |
|
= Cout2 C)

{47urbias)

Figure 11.

Simulation Schematic 4

= DC =

AC =
TRAN = pwi(0 0A 5m 0A 5.5m 0.5A 7m 0.5A 7.01m 1A 9.5m 1A 9.51m 0.5A)

Vourt : 200 mV/div

Vout : 2

00 mV/div

lout : 0.5 A/di

Time = 0.5 ms/div

Figure 12.
Load Response (VIN =5V, VOUT =1.2 V)
(Measured Waveform)

Time = 0.5 ms/div

Table 8 Characteristics Comparison

Figure 13.
Load Response (VIN=5V, VOUT =1.2 V)
(SPICE Simulation)

Parameter Mee(],\?ol:;e)(ﬂolzze)su't Splciiﬂflatlon Unit Error Condition
Undershoot 22 21 mV 4.5 %
Vin=5V,Vour=1.2YV,
lout=0.5At0 1A
Overshoot 24 25 mV 4.2 %

(Note 1) The above data is based on a specific sample and it is not a guaranteed value.

(Note 2) These characteristics depend on some dynamic characteristics of external components, input signal speed,

PCB pattern and mounting condition of each on-board parts.
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Application Note

Simulation Setting

=1 = .
5. Load Response (Vin =12V, Vour = 3.3 V) Type: Transient
Run Time: 12 ms
(Maximum Step Size: 10 ns)
PARAMETERS:
bias = 0.7
ut Choot 0.1u
i e e
1 Rdcr
EN N sw -3 J ) PN AN VOUT
Cj/l == Cin2 = Cinl onp Fe 2 1o s < Resil < Resr2 N
pC= ou | o BDYE105FP4-Z > om 3 om \‘
e Ise(0, (12, 1u,14, 1u, 2, 5) .
TRAN Fpulse(®,112, tuy, 1u. 2. o= Coutl == Cout2 C)
{22u*bias} | (22u*bias}
v2 < RL = ci
> a0k 33
pC = Resr3
AC = AM
TRAN = pulse(0,|3, 10u, 1u, 1u, 2, 5) A
5m
< R2
> ek
o o o ne:
TRAN = pwi(0 OA 5m 0A 5.5m 0.5A 7m 0.5A 7.01m 1A 9.5m 1A 9.51m 0.5A)
Figure 14.

Vourt : 200 mV/div

lout : 0.5 A/div

Simulation Schematic 5

Time = 0.5 ms/div

Figure 15.

Load Response (VIN =12V, VOUT = 3.3 V)
(Measured Waveform)

| Vour : 200 mV/div

lout : 0.5 A/div

Time = 0.5 ms/div

Figure 16.
Load Response (VIN =12V, VOUT = 3.3 V)
(SPICE Simulation)

Table 9 Characteristics Comparison

Parameter Mee(],\?ol:;e)(ﬂolzze)su't Splciiﬂflatlon Unit Error Condition
Undershoot 72 58 mV -19.4 %
Vin=12V, Vour = 3.3V,
lout=0.5At0 1A
Overshoot 75 61 mV -18.7 %

(Note 1) The above data is based on a specific sample and it is not a guaranteed value.
(Note 2) These characteristics depend on some dynamic characteristics of external components, input signal speed,
PCB pattern and mounting condition of each on-board parts.
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6. Load Response (Vin =24V, Vour =12 V)

ut Choot 0.1u
VIN BOOT |
VIN  BOOT i}

Simulation Setting

Type: Transient

Run Time: 12 ms

(Maximum Step Size: 10 ns)

PARAMETERS:
bias = 0.2

J L1 Rder
EN SW. VOUT
o sw A~ ARA
Vi 1 FB 22u 70m y
() == Cin2 = Cinl GND _ FB < Resil < Resr2 \ ¢
P BDSEL05FP4-Z > o 2m ‘
AC = i
TRAN # pulse(0, 24, 1u,14, 1u, 2, 5) C)
T Coutl = Coutz
{22u*bias} | (22u*bias}
v2 < RL = cib
> 130k 12p
DC = Resr3
AC = AML
TRAN = pulse(0, [3, 10u, 1u, 1u, 2, 5) A
5m
< R2
> ek
= = = oC =
0 0 0

AC =
TRAN = pwi(0 0A 5m 0A 5.5m 0.5A 7m 0.5A 7.01m 1A 9.5m 1A 9.51m 0.5A)

Figure 17.

Simulation Schematic 6

Vourt : 200 mV/div

Vourt : 200 mV/div

lout : 0.5 A/div

Time = 0.5 ms/div

Figure 18.
Load Response (VIN =24V, VOUT =12 V)
(Measured Waveform)

Time = 0.5 ms/div

Figure 19.

Load Response (VIN =24V, VOUT =12 V)

(SPICE Simulation)

Table 10 Characteristics Comparison

Parameter Mee(zl\?oltjene)(ﬂolzze)sult SPlciir::tJlahon Unit Error Condition
Undershoot 240 202 mV -15.8 %
Vin=24V,Vour =12V,
lout=0.5At0 1A
Overshoot 232 188 mV -19.0 %

(Note 1) The above data is based on a specific sample and it is not a guaranteed value.

(Note 2) These characteristics depend on some dynamic characteristics of external components, input signal speed,

PCB pattern and mounting condition of each on-board parts.
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BD9E105FP4-Z SPICE Modeling Report Application Note

Simulation Settin
5V, VOUT =1.2 V) TpeAC
Frequency Range:
1 kHz to 1 MHz
(Points/Decade: 20)

7. Frequency Characteristic (VIN

PARAMETERS: =~ PARAMETERS

V_VIN=5 bias = 1
V.vo=12
L=47u

DC = {V_VIN}
EN \:NN BOSOVI SW i l f\';ifv\ z‘iir ‘L VOouT
1 GND FB B © 1em % Resrl < Resr2
CD T %?‘2 T g‘ln'} BDYEL05FP4-Z_AVE = 2m F o
V_VIN = {V_VIN} @ észc\/ “
V_VO = {V_VO} @ 1 1 < Rload
! :ﬁl oo [t T ey |
C> gg)\is: I s:k 3 51 -
) o o
Figure 20.
Simulation Schematic 7
80 180 80 180
Gain Gain
60 ——Phase |’ 60 ——Phase [|™¥®
. .
40 \/ % 40 < 90
\A [~
20 \-\\\\ 45 20 = 45
=0 0 230 o=
c 8 c ™ %
8 £38 £
-20 '\w‘ 45~ 20 -45 0
-40 =1 -0 \\\ -90
135 i
-60 i -60 -135
-80 -180 -80 -J-180
1k 10k 100k ™ 1k 10k 100k ™M
Frequency [HZ] Frequency [HZ]
Figure 21. Figure 22.
Frequency Characteristic (VIN =5V, VOUT =1.2 V) Frequency Characteristic (VIN =5V, VOUT =1.2 V)
(Measured Waveform) (Measured Waveform)

Table 11 Characteristics Comparison

Parameter Mee(zl\?oltjene)(ﬂolzze)sult SPlClIf?Sér:lltjlatmn Unit Error Condition
Phase Margin 44 324 degree -26.4 %
Vin=5V,Vour=1.2V,
lour=1.0A
(F3'°SS°Ver 32 26.9 kHz -15.9 % o
requency

(Note 1) The above data is based on a specific sample and it is not a guaranteed value.

(Note 2) These characteristics depend on some dynamic characteristics of external components, input signal speed,
PCB pattern and mounting condition of each on-board parts.
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Application Note

8. Frequency Characteristic (VIN

Simulation Setting

12V, VOUT =3.3 V) Type: AC

Frequency Range:
1 kHz to 1 MHz
(Points/Decade: 20)

PARAMETERS: =~ PARAMETERS

V_VIN =12 bias = 0.7
V_vO=33
L=10u

DC ={V_VIN}
EN :‘NN BZOVI sw N .‘ r\lirvx zu;r L VOUT
4 —_ 1 GND FB B © 33m % Resrl < Resr2
CD T fg&z T g‘lnj BD9E105FP4-Z_AVE :: 2m ¥ 2m
V_VIN = {V_VIN} g“ és’:cv o
vvostvel 2 Lo mcoaz T ue
L= STL o T @ouwviest | goviesy ] O
C) gg)ig: > aok:M/J 33p
) o o
Figure 23.
Simulation Schematic 8
80 y 180 80 180
Gain Gain
135 3
60 — Phase 60 ——— Phase 135
“—“h\ T
40 % 40 i 0
= \ \ I3 = ™~ ~ I
S0 —1° = =0 0 =
< \\ b < 3
5 ~ £8 £
-20 o ~.20 -45 0
-40 -40 -90
50 135 60 -135
-80 -180 -80 °]-180
1k 10k 100k ™ 1k 10k 100k 1™

Frequency [HZ]

Figure 24.
Frequency Characteristic (VIN =12 V, VOUT = 3.3 V)
(Measured Waveform)

Frequency [HZ]

Figure 25.
Frequency Characteristic (VIN =12 V, VOUT = 3.3 V)
(Measured Waveform)

Table 12 Characteristics Comparison

Parameter Mee(zl\?oltjene)(ﬂolzze)sult SPlClIf?Sér:lltjlatmn Unit Error Condition
Phase Margin 42 36.5 degree -13.1 %
Vin=12V, Vour = 3.3V,
lour=1.0A
(F3'°SS°Ver 43 30.7 kHz -28.6 % o
requency

(Note 1) The above data is based on a specific sample and it is not a guaranteed value.
(Note 2) These characteristics depend on some dynamic characteristics of external components, input signal speed,

PCB pattern and mounting condition of each on-board parts.
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BD9E105FP4-Z SPICE Modeling Report Application Note

Simulation Settin
24V, VOUT =12 V) TpeAC
Frequency Range:
1 kHz to 1 MHz
(Points/Decade: 20)

9. Frequency Characteristic (VIN

PARAMETERS: =~ PARAMETERS

V_VIN =24 bias = 0.2
V.Vo =12
L=22u

DC = {V_VIN}
EN :‘NN BZOVI SW t ,‘ ,\Ii,v\ z‘iir L VOUT
oD FB FB L} 70m B
CD T %12 T g‘lnj BDYE105FP4-Z_AVE . :: ;isu 3 s:‘srz
V_VIN = {V_VIN} gv 33':! ac
V_VO = {V_VO} b 1 1 < Rload
o T 1., [ B e | "
C) 25;3 2 130k 12p
o o o
Figure 26.
Simulation Schematic 9
80 l 180 80 180
zain Gain
135 |
% n.a.N"'-M\ — Phase 60 ] —— Phase 135
'-un.\ B
40 \ 90 40 90
20 "“"“—~—~_._._H 45 20— e e 45
5.0 = 3,0 02
< \\ \ = 3
[o] c [1] ©
O 20 . a O ‘* 450
\s
-40 -40 -90
-60 -60 135
-80 180 -80 °]-180
1k 10k 100k ™ 1k 10k 100k ™M
Frequency [HZ] Frequency [HZ]
Figure 27. Figure 28.
Frequency Characteristic (VIN =24 V, VOUT =12 V) Frequency Characteristic (VIN =24 V, VOUT =12 V)
(Measured Waveform) (Measured Waveform)
Table 13 Characteristics Comparison
Parameter Mee(],\?ol:;e)(ﬂolzze)su't Splcizgﬂ#lat'on Unit Error Condition
Phase Margin 45 46.9 degree 4.2 %
Vin=24V,Vour =12V,
lour=1.0A
Crossover 42 30.4 kHz 276 %
Frequency

(Note 1) The above data is based on a specific sample and it is not a guaranteed value.
(Note 2) These characteristics depend on some dynamic characteristics of external components, input signal speed,
PCB pattern and mounting condition of each on-board parts.
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Notice

10)

11)

12)

13)

Notes

The information contained herein is subject to change without notice.

Before you use our Products, please contact our sales representative and verify the latest specifica-
tions :

Although ROHM is continuously working to improve product reliability and quality, semicon-
ductors can break down and malfunction due to various factors.

Therefore, in order to prevent personal injury or fire arising from failure, please take safety
measures such as complying with the derating characteristics, implementing redundant and
fire prevention designs, and utilizing backups and fail-safe procedures. ROHM shall have no
responsibility for any damages arising out of the use of our Poducts beyond the rating specified by
ROHM.

Examples of application circuits, circuit constants and any other information contained herein are
provided only to illustrate the standard usage and operations of the Products. The peripheral
conditions must be taken into account when designing circuits for mass production.

The technical information specified herein is intended only to show the typical functions of and
examples of application circuits for the Products. ROHM does not grant you, explicitly or implicitly,
any license to use or exercise intellectual property or other rights held by ROHM or any other
parties. ROHM shall have no responsibility whatsoever for any dispute arising out of the use of
such technical information.

The Products specified in this document are not designed to be radiation tolerant.

For use of our Products in applications requiring a high degree of reliability (as exemplified
below), please contact and consult with a ROHM representative : transportation equipment (i.e.
cars, ships, trains), primary communication equipment, traffic lights, fire/crime prevention, safety
equipment, medical systems, servers, solar cells, and power transmission systems.

Do not use our Products in applications requiring extremely high reliability, such as aerospace
equipment, nuclear power control systems, and submarine repeaters.

ROHM shall have no responsibility for any damages or injury arising from non-compliance with
the recommended usage conditions and specifications contained herein.

ROHM has used reasonable care to ensure the accuracy of the information contained in this
document. However, ROHM does not warrants that such information is error-free, and ROHM
shall have no responsibility for any damages arising from any inaccuracy or misprint of such
information.

Please use the Products in accordance with any applicable environmental laws and regulations,
such as the RoHS Directive. For more details, including RoHS compatibility, please contact a
ROHM sales office. ROHM shall have no responsibility for any damages or losses resulting
non-compliance with any applicable laws or regulations.

When providing our Products and technologies contained in this document to other countries,
you must abide by the procedures and provisions stipulated in all applicable export laws and
regulations, including without limitation the US Export Administration Regulations and the Foreign
Exchange and Foreign Trade Act.

This document, in part or in whole, may not be reprinted or reproduced without prior consent of
ROHM.

Thank you for your accessing to ROHM product informations.
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