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Application Note

SPICE Modeling Report

Buck LED Driver for Automotive
Suitable for Matrix LED Control
BD18395EFV-M

General Description

In this report, the characteristics that can be confirmed by the simulation using the SPICE model of the buck LED driver IC
BD18395EFV-M 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 : BD18395.1ib

B Symbol File Name : BD18395EFV-M.olb
® Subcircuit and Symbol

Table 1 Correspondence Table

Product Name Subcircuit Symbol
BD18395EFV-M BD18395EFV-M BD18395EFV-M
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. Please 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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BD18395EFV-M SPICE Modeling Report Application Note

BD18395EFV-M Spice Model

B Terminal Information

uz2 Table 2 Pin Table
Pin No. Pin Name Pin No. Pin Name
8: vVPOW1 SW2 E L VPOW1 20. Sw2
VPOW2 SW1 2 VPOW2 19 SW1
C— SNSN BOOT [ ' :
00— vB VREG I 4, SNSP 17. NC2
U= NC1 LvD U 5. VB 16. VREG
g: EN TOFF E 6. NC1 15. LVD
o136 SFON 7= 7. EN 14. TOFF
DCDIM GND 8 SG 13 SFON
U= PWM VLED [H : :
9. DCDIM 12. GND
BD18395EFV-M 10. PWM 1. VLED
Figure 1 Symbol of BD18395EFV-M
Verifiable Characteristics
B Electrical Characteristics (vs. Datasheet)............coooiiiiiiiiii s 3-4
B Characteristics in SPICE
Vo S AR U oo 5
V' PWM DiMMING. ... 6
V' DC DIMMING. et 7
v Zero LED Operation..............coooiniiii i 8
Vo U LED OPeN. . 9
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BD18395EFV-M SPICE Modeling Report Application Note

Electrical Characteristics (vs. Datasheet)

Table 3 Electrical Characteristics Comparison
(Unless otherwise specified Ta = 25°C, Vs=13V, Vsnsp =13V, Ven=5V)

Modeled Design Value . o
Parameter (Note) Datasheet SPICE Unit Error Condition

VB Circuit Current Yes 2.5 2.5 mA 0% xPWM =5V, Vocom=35
SNSP Circuit Current Yes 0.4 0.4 mA 0% xPWM =5V, Vocom=35
VB Standby Current Yes 0 0 MA 0% Ven=0V
SNSP Standby Current Yes 0 0 MA 0% Ven=0V
VB UVLO Detection Voltage Yes 4.10 4.10 \Y, 0% Vs falling
VB UVLO Release Voltage Yes 4.50 4.50 \Y, 0% Vs rising
VB UVLO Hysteresis Voltage Yes 0.4 0.4 \Y, 0% -
SNSP UVLO Detection Voltage Yes 4.10 4.10 \Y, 0% Vsnse falling
SNSP UVLO Release Voltage Yes 4.50 4.50 \Y, 0% Vsnsp rising
SNSP UVLO Hysteresis Voltage Yes 0.4 0.4 \% 0% -
VREG Voltage Yes 5.00 5.00 \Y, 0% Cvrec = 2.2 yF

. . CvreG = 2.2 uF,
VREG Line Regulation No 10 0 mV - V=13 Vto 70 V

. Cvrec = 2.2 yF
0,
VREG Load Regulation No 5.00 5.00 \ 0% IvreG = 10 MA
EN Pin Input Current Yes 7 7 pA 0% Ven=5V
EN Threshold Voltage H (Rising) Yes - 1.75- V - Ven rising
EN Threshold Voltage L (Falling) Yes - 1.7 \Y, - Ven falling
EN Hysteresis Voltage Yes 50 50 mV 0% -
PWM Pin Input Current Yes 50 50 A 0% Vewm =5V
PWM Threshold Voltage H (Rising) Yes - 1.4- \Y, - Vpww rising
PWM Threshold Voltage L (Falling) Yes - 1.15 \Y, - Veww falling
PWM Hysteresis Voltage Yes 0.25 0.25 \Y, 0% -
DCDIM Gain Yes 0.2 0.2 VIV 0% Vsns/ Vbcpim
DCDIM Voltage Yes 1.00 1.00 \Y, 0% -
DCDIM Pin Output Current Yes 3.5 3.5 MA 0% Vocom = GND
(Note 1) Yes: Model available (supported), No: Model not available” (not supported).
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BD18395EFV-M SPICE Modeling Report Application Note

Electrical Characteristics (vs. Datasheet)

Table 3 Electrical Characteristics Comparison

(Unless otherwise specified Ta = 25°C, V=13V, Vsnsp= 13V, VEn=5 V)

Modeled Design Value . .
Parameter (Note1) Datasheet SPICE Unit Error Condition
SG Output Leak Current Yes 0 0 A 0% Vsc=5V
SG Pin Low Output Voltage Yes 0.1 0.1 \% 0% Isc = 0.5 mA input
SFON Threshold Voltage H(Rising) Yes - 1.7 \Y - VsFon rising
SFON Threshold Voltage L(Falling) Yes - 1.65 \Y - Vsron falling
SFON Hysteresis Voltage Yes 50 50 mV 0%
LVD Threshold Voltage Yes 2.0 2.0 V 0% Vviep=2V
LVD Pin Input Current Yes 0 0 pA 0% Vivo=2V
g/ln%SSI\:AIIE'Il;i(gL\I Resistance between the VPOW Yes 170 170 ma 0% lsw= -100 mA
MOS FET ON Resistance between the SW o _
and GND Pins Yes 6 6 Q 0% Isw=10 mA
Ta=25°C,
LED Peak Current Detection Voltage Yes 200 200 mV 0% Vviep=5V,
Vsns = Vsnsp - Vsnsn
VVLED X torr Yes 49.35 49.35 Vus 0% Rrore = 47 kQ
VLED Pin Input Current Yes 15 15 pA 0% Vewm=5V, Vwiep=5V
SW Pin Minimum ON Time Yes 200 200 ns 0%
LED Open Detection Time Yes 80 80 us 0%
Overcurrent Detection Yes 3.5 3.5 A 0%
HICCUP Time Yes 10 10 ms 0%
(Note 1) Yes: Model available (supported), No: Model not available” (not supported).
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BD18395EFV-M SPICE Modeling Report

Application Note

Characteristic in SPICE

1. Start Up

Simulation Setting

Type: Transient

Run Time: 3msec
(Maximum Step Size: 10ns)

L1
SW. r.v'v'v'\
VPOW1 Sw2
VPOW2 Sw1 —IBOOT cL \ZDUH
SNSN BOOT !
SNSP NC2 [— 0.1u VREG
VREG
NC1 VD #\AEF R2 R6 R7 y D1
TOFF W\N\'—J 2 c3
SFON 1 20k 20k 30k DRBR5LAM60A
DCDIM GND [—vrEb BIEXT Y T 1on 02
PWM VLED _I_
be - V2 BD18395EFV-M o LED_mod
IAC = =
[TRAN = PULSE(0 13 0.1m 100u 10du 2.5m 2) ?0
o
Figure 2.
Simulation Schematic 1
10V / \\ 10V
JiN | ~
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VB VREG Ven VB VREG Ven
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10V 10V
5v
SEL>>
e | e et
Vsw Vsw
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0.5A
SEL>>
* 0.1+ =
IL |
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Time Time
Figure 3. Figure 4.
Start Up Start Up

(Zoom in rise waveform)

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

2. PWM Dimming

Simulation Setting
Type: Transient
Run Time: 3msec

(Maximum Step Size: 10ns)

s v1 L1
A sw s
NV-E VPOW1 sw2 T 2’20" H" >
0.182 VPOW2 SW1 ul
SNSN BOOT ﬂ“—l
vE | SNSP NC2 [—— 0.1u VREG
VB VREG VD R2 D1
R9 EN gﬁl Té\é[; TOFF J_
SG WW\"J c2 —=cs3
SG SFON ——7 20k DRBR5LAMG0A
DCDIM GND T oo 10n |
WM VLED e mod
mo
V2 v3 . !
be - c- vV BD18395EFV-M
IAC = = AC = L
[TRAN = PULSE(0 13 0.1m 100u 10qu 1 2) TRAN = PULSE(0 5 0.5m 1n 1n 0.5m 1m) = =
= b o =0
AC =
TRAN = PULSE(0 5 0.3m 1n 1n 2m 3m)
?0
Figure 5.
Simulation Schematic 2
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ov
Vewm
15V
10v
5V o
|
1
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Vsw
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Time Time
Figure 6. Figure 7.
PWM Dimming

(Rise waveform)

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

PWM Dimming

(Fall waveform)
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BD18395EFV-M SPICE Modeling Report

Application Note

3. DC Dimming

Simulation Setting
Type: Transient
Run Time: 3msec

(Maximum Step Size: 10ns)
. U1 L1
AW\ VPOW1 sw2 W A~
v 1 C1
0.182 VPOW2 Swi 220uH
1: SNSN BOOT ﬂ“_l
Ve SNSP NC2 — 0.1u VREG
vB VREG VD R2 R6 R7 D1
R9 _EN gﬁl T(L)\é'g TOFF —=cs3
IS e sron =9 20k 20k 30k T 5 5. DRBRSLAMS0A 10n
DCDIM GND - [
PWM VLED
V2 BD18395EFV-M HEp_mod
bC = B
e 1
[TRAN = PULSE(0 13 0.1m 100u 10qu 1 2) 0 ?0
Va4
= DC =
0 pc= AC = Q
AC = TRAN = PULSE(0 1.1 0.3m 1n 2m 0.5m 4m)
TRAN = PULSE(0 5 0.2m 1n 1n 2m 3m)
= o
"0
Figure 8.
Simulation Schematic 3
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10V 1ov
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Vsw
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Time Time
Figure 9.

DC Dimming
(Vpcoim ramp down)

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

Figure 10.
DC Dimming
(Zoom around Vocoim=1V)
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BD18395EFV-M SPICE Modeling Report

Application Note

4. Zero LED Operation

Simulation Setting

Type: Transient
Run Time: 5msec
(Maximum Step Size: 10ns)

L1
RS U1 .
VVV——E VPOW1 sw2 _ISW 1 MO
0.182 20uH
mowe Mo N
vE | SNSP NC2 0.1u VREG
VB VREG VD RZ R6 R7 | D1
LVD TOFF 1 1
TOFF [SFON VV\'—.I c2 c3
S(Fsﬁg _J 20k 20k 30k T 2.2u DRBR5LAMG0A T 1on
VLED
A
DC =
ez O =
[TRAN = PULSE(0 13 0.1m 100u 10qu 1 2) 0
=  opc-=
"0 ac=
TRAN = Pulj(o 50.3m 1n1n12)
= s1
DC =
AC =
TRAN = PULSE(L 0 0.5 10N ]
o
Figure 11.
Simulation Schematic 4
1.0v 1.0V
ov ov
VLED short to GND signal, H: short VLED short to GND signal, H: short
10V i 10v B
5V 5V

i

1.25A
AAAL AAN G, ol o P, P
1.40ms 1.45ms 1.50ms 1.55ms 1.60ms
IL
Time

Figure 12.
Zero LED Operation
(3LEDs to OLED)

1.25A
[ ‘!\ ANAAAN
SEL>>
2.40ms 2.45ms 2.50ms 2.55ms 2.60ms
IL
Time
Figure 13.

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

Zero LED Operation
(OLED to 3LED)

©2021 ROHM Co., Ltd.
8/10

64AN063J Rev.002

Jun.2021




BD18395EFV-M SPICE Modeling Report

Application Note

5. LED Open

Simulation Setting

Type: Transient

Run Time: Smsec
(Maximum Step Size: 10ns)

. U1 L1
A VPOW1 SW2 ‘ISW C1 .20 "
BEEE S e N
— 0.1u VREG
'II_'\C/MIZF R2 R6 R7 J- D1
N ﬂ]N 20k 20k 30k T (2:22u DRBR5LAMG0A T (1:0?'"
I
hC = Q St =
[TRAN = PULSE(0 13 0.1m 100u 10Qu 1 2) TRAN
Foemepn e T . &
= DC = = AC = D2
0 ac= 0 TRAN = PULSE(1 0 0.5 4OM 1t Gvh)
TRAN = ij:o 50.3m In1n12) Lelp_mod
= o =
-0 -0
Figure 14.
Simulation Schematic 5
1.0v
I SEL>> 1
ov ov
LED Open signal, L: LED Open LED Open signal, L: LED Open
o B
T T [ T L
I e T
Vsw Vsw
1.08 . — 1.0 7
0A = 0A
5.0V
SEL>>
oV ) OV :
2.25ms 2.50ms 2.75ms 3.00ms 3.2ms 3.4ms 3.6ms 3.8ms 4.0ms
Time Time
Figure 15. Figure 16.
LED Open LED Open

(LED normal to open)

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

(LED open to normal)
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Revision History

Date Revision Changes
Jun.2021 001 New Release
Jun.2021 002 Improved convergence
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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
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