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Application Note

SPICE Modeling Report

4.5V to 42 V Input Voltage Range 3.5 A
Output Current Integrated FET

1ch Buck Converter
BD9G401EFJ

General Description
In this report, the characteristics that can be confirmed by the simulation using the SPICE model of the regulator IC BD9G401EFJ
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

File Information
B Library File Name : BD9G401EFJ.lib
B Symbol File Name : BD9G401EFJ.olb
W Subcircuit and Symbol

Table 1 Correspondence Table

Product Name Subcircuit Symbol

BD9G401EFJ
(Model for Transient Analysis)

BD9G401EFJ_AVE (Note1)
(Model for AC Analysis)

BD9G401EFJ
BD9G401EFJ

BD9G401EFJ_AVE (Note2)

(Note 1) BD9G401EFJ_AVE is the spice macro model for Frequency Characteristic (AC simulation). Refer to P10-12 for simulation detail.
(Note 2) Pin information for BD9G401EFJ_AVE is same like Table 2.

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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B Pin Information

BD9G401EFJ Spice Model
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BD9G401EFJ
FSW = 300k

SOFTSTARTRATIO = 1.0
Figure 1 Symbol of BD9G401EFJ

Table 2 Subcircuit Pin Table

Pin No. Pin Name Pin No. Pin Name

1. LX 5. SYNC

2. GND 6. EN

3. VC 7. BST

4, FB 8. VCC
B Model Parameter

Table 3 Model Parameter Table
Parameter Default Value | Description
BD9G401EFJ
fsuy (Note) 300k Set_the external QLK frequency (250 !(Hz to 500 kHz). _
(This parameter influences soft start time and OCP turn off time.)
softstartratio 10 Set the soft start ratio (0.1 to 1.0).
(Note1) ’ It is possible to be short soft start Time by changing this parameter.
BD9G401EFJ_AVE
| 22u Set the inductor value connected to SW pin.
V_Vvo 5 On Duty parameter for the Numerator.
. On Duty parameter for the Denominator.
v_vin 12 A .
- On Duty is given as {v_vo/v_vin }.

fsw 300k Set the external CLK frequency (250 kHz to 500 kHz).

(Note 1) These parameters for SPICE models only. it cannot be set on the device.
If the parameters are changed, the behavior will be different from the actual device.
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Verifiable Characteristics

B Electrical Characteristics (vS. Datasheet) ««-«« o eeveeeeri 4

B Characteristic in SPICE (vs. Measured Waveform)-« -« oo 5
> BD9G401EFJ

v' Output Ripple Voltage (VIN = 12V, VOUT = 5 V) -+eeeererereieiiii 5

v Switching Frequency (VIN = 12V, VOUT = 5 V) «rreerrremrmniini 6

v' Load Regulation (VIN = 12V, VOUT = 5 V) «-eeeeeeemiiiiiiiii, 7

v" Load Response (VIN =12V, VOUT =5V, IOUT =0.875At0 2.625A) ------- 8
v" Load Response (VIN=12V, VOUT =5V, IOUT =2.625At0 0.875A) ------- 9
» BD9G401EFJ_AVE

v Frequency Characteristic (VIN =12V, VOUT =5V, IOUT = 3.5A) ---coeeeeeee 10
v Frequency Characteristic (VIN =36 V, VOUT =24 V, IOUT = 3.5 A)------------ 11
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Electrical Characteristics (vs. Datasheet)

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

Parameter M{Zgglﬁd Datle?:r?(ie%r: \(ag:l GE | Unit | Error Condition
Circuit Current
Standby Current Yes 0 0 MA | 0% | Ven=0V
Operating Current Yes 1.2 1.2 mA | 0% | Vee=12V
Under Voltage Lock Out (UVLO)
Detect Voltage Yes 4.00 4.00 \Y 0% | VCC down sweep
Hysteresis Width Yes 200 200 mV | 0%
Oscillator
Oscillating Frequency Yes 300 300 kHz | 0%
Max Duty Cycle Yes 97.0 97.0 % 0% | Vsync=0V
Error Amp
FB Threshold Voltage Yes 0.800 0.800 \Y 0% | Ta=25°C
Input Bias Current Yes 0 0 MA | 0% | Vee=3.0V
FB Leak Current Yes 0 0 MA | 0% | V=0V
Soft Start Time Yes 8.0 8.0 ms | 0% | Vsyne=0V
Output
LX NMOS ON Resistance Yes 140 140 mQ | 0%
LX Precharge NMOS ON Resistance Yes 10 10 Q 0%
Over Current Detect Yes 6 6 A 0%
CTL
EN Terminal Internal REG ON-Threshold Yes - 0.8 \Y - IC on or off threshold
EN Terminal IC Output on Threshold Yes 1.80 1.80 \Y 0%
EN Terminal Source Current Yes 10.0 10.0 MA | 0% | Ven=3V
SYNC
SYNC Terminal Control High Threshold Voltage Yes - 20 \Y -
SYNC Terminal Control Low Threshold Voltage Yes - 1.6 \Y -
SYNC Terminal Input Current Yes 12 12 MA | 0% | Vsync=3V
(Note 1) Yes: Model available (supported), No: Model not available” (not supported).
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Characteristic in SPICE (vs. Measured Waveform)
1. Output Ripple Voltage (Vin=12 V, Vour =5 V)

Simulation Setting

Type: Transient

Run Time: 15 ms

(Maximum Step Size: 10 ns)

cs
als
0.1u
PARAMETERS:
bias = 0.6 UL 23::
L TRAN = pulse(0 12 1u 1u 1u 1 2)
\/O{ ) ) f‘.;tz‘v‘\f‘\ = X 18 o vee |FBee
u
. J l DRBR5LAMG0ATF
2 7_BST
C GND BST T c4 T c2 T ci
. o = = < RI1 0.1u 10u 220u
47u*bias} [47u*bias} Y o 3 110k
ESR7 ESR6 ve 3| o o Le_en VIN
?OLMeg im im L c3 = R2 C)
1000p < 43k
SR (. svne SYNC
L Ccs £ RS ?53;(
18p 5 430k L
=0 BDYGA01EFJ
FSW = 300k
< R6 SOFTSTARTRATIO = 1.0
> sk
S = = T
Figure 2.
Simulation Schematic 1
Vour : 10 mV/div 4 ;
! = 3 Vourt : 10m V/div
. N P N i | T~ i
Time = 2 ps/div Time = 2 us/div
Figure 3. Figure 4.

Output Ripple Voltage (VIN =12 V, VOUT =5 V)

Output Ripple Voltage (VIN =12 V, VOUT =5 V)
(Measured Waveform)

(SPICE Simulation)

Table 5 Characteristics Comparison

Parameter Mee(],\?ol:;e)(ﬂoigsu't Splciiﬂflatlon Unit Error Condition
Output Ripple ) o ViN=12V,Vour =5V,
Voltage 4 32 mv 20.0 % lour=0A

(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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2. Switching Frequency (Vin=12V, Vour =5V)

Vo =5
lo=35

bias = 0.6

PARAMETERS:

PARAMETERS:

Simulation Setting
Type: Transient
Run Time: 10 ms

(Maximum Step Size: 10 ns)

DC =

AC =
TRAN = pulse(0 12 1u 1u 1u 1 2)

YOy 1 ’:;"‘m BT S vee e
u
DRBR5LAMBOATF
l J j 2* GND BST 7_BST -~ -~ 4
7 6 1 L Loy T4 T2 Fa
47u*bias) [47u*bias} ~o o z 0.1u 10u 220u
vCc 3 6 EN VIN
RL ESR7 ESR6 _I.—‘7 vc EN C)
NVolloy < 1m 1m c3 < R2
1000p < 43k
PB4l o sy |-B—SYNC
L cs £ Rs ?:k
T 18p < 430k L
=0 BD9G401EFJ
FSW = 300k
< R6 SOFTSTARTRATIO = 1.0
> sk
=0 =0 =0 j,—fo =, = = 17:0 jf:o Ejo
Figure 5.
Simulation Schematic 2
-
U
-LX : 5 V/div k2 'LX : 5 V/div
Fadvgc s e j_ . =s=n, g, __Ju ~— — — P rg,_‘
i F 3 ’ \ ‘
1 h ‘ j
Time = 2 ys/div Time = 2 us/div

Figure 6.

Switching Frequency (VIN =12V, VOUT =5V)
(Measured Waveform)

Figure 7.

Switching Frequency (VIN =12V, VOUT =5 V)

Table 6 Characteristics Comparison

(SPICE Simulation)

Parameter Me‘?NSo‘t‘;?(ﬂonSS“" Splciirgﬁlatlon Unit Error Condition
Switching o ViNn=12V,Vour =5V,
Frequency 300 300 kHz 0.0 % lour = 3 A

(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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3. Load Regulation (Vin =12V, Vour =5 V)

Simulation Setting

Type: Transient

Run Time: 10 ms

(Maximum Step Size: 10 ns)

PARAMETERS:
Vo =5 cs8
lo=35 ﬁI'L
0.1u
PARAMETERS:
bias = 0.6 U1l QCC::
L1 TRAN = pulse(0 12 1u 1u 1u 1 2)
VOUT . . A~ X 1 8 vcc
220 D1 LX vcc
\ l J DRBR5LAMBOATF
e est (2T T = = a
7 6 = = < R1 0.1u 10u 220u
47u*bias} [47u*bias} o 0 :> 110k
RL ESR7 ESR6 ve 3 | ve N 6 EN VIN
Vollop< 1m 1m L c3 < R2 C)
1000p FB__ 4 5 SYNC g e
_l. o 4% ?:k FB SYNC [
T 18p > 30k 1
=0 BD9G401EFJ
FSW = 300k
:: R6 SOFTSTARTRATIO = 1.0
< 82k
o o o o =0 To o o o =o
Figure 8.
Simulation Schematic 3
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Figure 9. Figure 10.
Load Regulation (VIN =12V, VOUT = 5 V) Load Regulation (VIN =12 V, VOUT =5 V)
(Measured Waveform) (SPICE Simulation)
Table 7 Characteristics Comparison
Parameter Mee(],\?ol:;e)(ﬂolzze)su't Splciiﬂflatlon Unit Error Condition
Output Voltage o o ViNn=12V,Vour =5V,
Deviation 0.3 0 % 0.3% lour = 0Ato 3.5A

(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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4. Load Response (ViNn=12V, Voutr =5V, lout = 0.875 A to 2.625 A)

Simulation Setting

Type: Transient

Run Time:11 ms
(Maximum Step Size: 10 ns)
DC =
AC = cs8
TRAN = pwi( (1m,0) (1.5m,100m) (2m,875m) (9982.5u,875m) (10m,2625m) (10280u,2625m) (10297.5”§l_5m) )
pulse (875m 2625m 10m 17.5u 17.5u 280u 1) 0.1u
PARAMETERS:
bias = 0.6 U1l DC =
AC =
L1 TRAN = pulse(0 12 1u 1u 1u 1 2)
VOUT ) ) ,-;;-y-w - X 1 x vee 8 vcc
u
\ - DRBR5LAMBOATF
l J j 2* GND BST 7_BST -~ -~ 4
. . L i Loy Tt 72 Fa
\ 47u*bias} [47u*bias} Y -0 :: 110k 0.1u 10u 220u
\* ESR7 ESR6 vC 37 ve EN 6 EN VIN
C) im im '[ c3 = R2 C)
1000p < 43k
PB4 o syne [B—SYNC
L. < Rs T
T 18p <~ 430k L
T0 BD9G401EFJ
FSW = 300k
< R6 SOFTSTARTRATIO = 1.0
> sk
S S S
Figure 11.
Simulation Schematic 4
[ T i i
e T i > \ =
I Vour : 100 mV/div 5 i Vourt : 100 mV/div
[ N S A TP S NS SR R
i P /
[SSESE = E 7
lout : 1 A/div H 3 lout : 1 A/div
: 100 mA/us 100 mA/us
Il Il
Time = 40 ps/div Time = 40 ps/div
Figure 12. Figure 13.

Load Response (VIN =12V, VOUT =5V, IOUT = 0.875 A to 2.625 A)
(Measured Waveform)

Load Response (VIN =12V, VOUT =5V, IOUT = 0.875 A to 2.625 A)
(SPICE Simulation)

Table 8 Characteristics Comparison

Parameter Mee(zl\?oltjene)(ﬂolzze)sult SPlciir::tJlahon Unit Error Condition
Undershoot 180 205.6 mV 14.2 % Vin=12V,Vour =5V

(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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Simulation Setting

5. Load Response (ViNn=12V, Vour =5V, lout = 2.625 At0 0.875 A) | Type: Transient

Run Time: 11 ms
(Maximum Step Size: 10 ns)

DC =
AC = cs
TRAN = pwl( (1m,0) (1.5m,100m) (2m,875m) (9982.5u,875m) (10m,2625m) (10280u,2625m) (10297.5y4;875m) )
pulse(875m 2625m 10m 17.5u 17.5u 280u 1) 0.1u
PARAMETERS:
bias = 0.6 U1l 25 z
L1 TRAN = pulse(0 12 1u 1u 1u 1 2)
vouT 8~ Lx 1 8_vcc
' ' o BT LX vee
\. 22u
- DRBR5LAMG0ATF
2 7_BST
Lo esT T T oToa
\ . 6 = = = RL 0.1u 10u 220u
47u*bias} [47u*bias} > 110k
11 ve 3 6_EN VIN
C) ESR7 ESR6 L—* ve EN C)
im im c3 < R2
1000 T a4
<
P FB 4 5_SYNC
T R3 FB SYNC [—
C5 < RS 15k
T 18p <~ 430k L
) BD9G401EF)
FSW = 300k
< Re SOFTSTARTRATIO = 1.0
< 82
o ~o ~o ~o ~o ~o ~o 0 ~o ~o

Figure 14.
Simulation Schematic 5

Vourt : 100 mV/div : Vour : 100 mV/div
A . | T
- 1 < e
lout: 1 Aldiv. - " lour : 1 A/div
e E ;
i i “ \
B \sr=usi ;\, S G P B VO S S s-_c-sr»%; X
100 mA/ps - 100 mA/us
Time = 40 ps/div Time = 40 ps/div
Figure 15. Figure 16.
Load Response (VIN =12V, VOUT =5V, IOUT = 2.625 A to 0.875 A) Load Response (VIN =12V, VOUT =5V, IOUT = 2.625 A to 0.875 A)
(Measured Waveform) (SPICE Simulation)
Table 9 Characteristics Comparison
M red Resul PICE Simulation . o
Parameter ee(zl\?ottjme)(ﬂmeze)su t| spic stulltj atio Unit Error Condition
Overshoot 190 177.9 mV 6.4 % Vin=12V,Vour =5V
(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.
©2021 ROHM Co., Ltd. 64AN075E Rev.001
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. g Simulation Setting
6. Frequency Characteristic (Vin =12V, Vour =5V, lour = 3.5 A) Type: AC
Frequency Range: 100 Hz to
1 MHz
CARAMETERS. (Points/Decade: 20)
Vo =5 cs8
lo=35 ﬁI'L
0.1u
PARAMETERS:
bias = 0.6 U1l
__VOUT B~ Lx 1 8 vcec
220 D1 LX vcc
l J DRBR5LAMBOATF
r{ GND pst [-—E5T = c2 = c1
- 6 ~o =0 S RL 0.1u 10u
47u*bias} [47u*bias} < 110k
vCc 3 6 EN VIN
RL ESR7 ESR6 _L—‘* vc EN L C)
{Vollo}== 1m im c3 < R2
1000p 4 5 syne < 43k Rg:: 12
'l‘ c5 < R5 ?:k 1™ SYNE T TRAN =
T 18p 3 430k L Vac
=0 FB2 @ FB1 flzs}zizolEFJ_A\/E
< Ré 20mvac V_VIN =12
> 82 ovde V_vVOo=5
- 1 - FSW = 300K 1 1 1 1 J
0 ~o ~o ~o ~o ~o 0 ~o ~o
Figure 17.
Simulation Schematic 6
100 i ﬂ 180 100 T 180
80 "|I“LI { Gain | Gain
| ‘“‘ P =———Phase [ 13 75 Phase [ |13
T
50 ~ 90
[~
e L TN
] 25 P 45
) ; Nk il = \ ®
2.0 ‘ oy 0= 30 0 =
c - [ (0]
5 B g g 2
O-20 - e FE ) <
| < —45% "5 ' -45%
40 - = = g
- T R T —T e E s —+=4.90 -50 *1-90
-60 — s ———rree e \\
80 -+ 1 135 -75 -135
1 {
-100 1 L -180  _100 -180
100 1k 10k 100k 1™ 100 1k 10k 100k ™
Frequency [Hz] Frequency [Hz]
Figure 18. Figure 19.
Frequency Characteristic (VIN =12 V, VOUT =5V, IOUT = 3.5 A) Frequency Characteristic (VIN =12 V, VOUT =5V, IOUT = 3.5 A)
(Measured Waveform) (SPICE Simulation)
Table 10 Characteristics Comparison
Parameter Me‘?NSo‘t‘;?(ﬂonSS“" SF"C'IE:{iTll:Iatlon Unit Error Condition
Phase Margin 49.6 59.2 degree 19.4 %
c Vin=12V,Vour=5V
rossover 20.9 20.4 kHz 2.4%
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.
©2021 ROHM Co., Ltd. 64AN075E Rev.001
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7. Frequency Characteristic (Vin = 36 V, Vour = 24 V, loutr = 3.5 A)

Simulation Setting
Type: AC

Frequency Range: 100 Hz to

1 MHz
CARAMETERS. (Points/Decade: 20)
0= ca
e K
0.1u
PARAMETERS:
bias =0.65 U1
VouT, A~ X 1 8 vcc
220 D1 LX vcc
22ubia: ufbia: u*bias| DRBR5LAMBOATF
- A L j 2* GND BST & - c2 4 c1
10-‘522: Ei-‘&:i;} o ATI? § ?110k T ow T 1o
L £o vc 3 | 6 EN VIN
Z: AR ARy ARy AFT E:RG L c3 e = < R2
RL % 1000p 4 B SYNC 5 SYNC T Rg :: 3
{vorl I R3 B TRAN =
Tﬁ%”p o L%
) FB2 EBL BD9G401EFJ_AVE
— L=22u
< R6 20mvac V_VIN = 36
T 16k ovdc V_VO =24
I I | L FSW = 300K L L . L
0 ToToTo0To0~0 ~o [¢} ~o =0 ~o ~o
Figure 20.
Simulation Schematic 7
100 TTITTT T T L 0 S S A ) L 180 100 [T 180
Gain Gain
k e / | g TR H Ty} 50 T 90
) \
!l P | _,"f X ™ ~ ~
| A St gt : ' 45 e
=g T X 1 25 45
om [ ) Nt n (R (0]
k= ™ S o — S,
£ — o =0 = 05
T 8 ® @
O- sdoal = O <
REWSLG o T SO PR B LG Y TS 0 SR L AL o 25 -45 o
-40 . \\ A
DU T8 CSE h BETINN Lo 1055 b o1 4.7 L -50 -90
-60 \.
80 /] -135 75 -135
-100 [ lex TR S A RN 1T I W W R TT| 180  -100 -180
100 1k 10k 100k ™ 100 1k 10k 100k ™

Frequency [HZ]

Figure 21.

Frequency Characteristic (VIN =36 V, VOUT = 24 V, IOUT = 3.5

Frequency [HZ]

Figure 22.

Frequency Characteristic (VIN =36 V, VOUT = 24 V, IOUT = 3.5

A)
(Measured Waveform) (SPICE Simulation)
Table 11 Characteristics Comparison
Parameter Me‘?NSo‘t‘;‘iﬂonSS”" Splciirgﬁlatlon Unit Error Condition
Phase Margin 110.6 112.6 degree 1.8 %
c ViNn=36V, Vour =24V
Frooeoner 1 9.3 kHz -15.5 %
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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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.
More detail product informations and catalogs are available, please contact us.

ROHM ROHM Customer Support System

SEMICONDUCTOR

https://www.rohm.com/contact/

www.rohm.com

© 2016 ROHM Co., Ltd. All rights reserved.
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