ROHM

Application Note

SPICE Modeling Report

34 V Breakdown Voltage
Variable Overcurrent Detection
1ch Load Switch
BV1HAL45EFJ

General Description
In this report, the characteristics that can be confirmed by the simulation using the SPICE model of the Load Switch series IC
BV1HAL45EFJ will be described.

Simulation Environment

® Circuit Simulator : PSpice / Cadence Design System, Inc.
m Version Information 1 17.4-2019
® OS Information : Windows 10 64-bit Edition

File Information
B Library File Name : BVIHAL45EFJ_PSpice.lib
B Symbol File Name : BVIHAL45EFJ.olb
B Subcircuit and Symbol

Table 1 Correspondence Table

Product Name Subcircuit Symbol
BV1HAL45EFJ bv1hal45efj BV1HAL45EFJ
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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Application Note

BV1HAL45EFJ Spice Model

B Pin Information

U1

1 8
51SS  OUT [
31 ILIM OUT 4
41 GND N.C. [
g1 FLAG EN [~
— IN

BV1HAL45EFJ

Figure 1. Symbol of BVIHAL45EFJ

Table 2 Subcircuit Pin Table

Pin No. Pin Function
Name

1 SS Variable soft-start time setting pin

2 ILIM Variable overcurrent detection setting pin

3 GND | Ground pin

4 FLAG Error flag output pin (Active low when TSD and OCD is
detected.)

5 EN Engble p_in (Pull-down resistqr is connected internally.)
Active High to turn on the switch

6 N.C. Not connected pin

7,8 ouT Switch output pin
9 IN Power input pin, switch input pin
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Application Note

Electrical Characteristics (vs. Datasheet)

Unless otherwise specified 8 V < Ves <32V, Ta = 25 °C)

Table 3 Electrical Characteristics Comparison

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

[Power Supply]

Standby Current Yes - 0 MA - ViNn=24V,Ven=0V

Operating Current Yes 2.00 2.00 mA | 0.0% | Vn=24V,Ven=5V

UVLO Detection Voltage Yes - 4.5 \Y, -

UVLO Hysteresis Voltage Yes 0.9 0.9 V 0.0%

[Input (Ven)]

EN High Voltage Yes - 1.65 \% -

EN Low Voltage Yes - 1.20 -

EN Hysteresis Voltage Yes 0.45 0.45 0.0%

EN High Input Current Yes 50 50 pA 0.0% | Ven=5V

EN Low Input Current Yes - 0.0 pA - Ven=0V

[Power MOS Output]

Output ON Resistance Yes 45 44.8 mQ | -04% | Ven=5V

Output Leakage Current Yes - 0 pA - Ven=0V,Vour=0V
ViN=24V, Rss= 100

Output ON Slew Rate Yes 0.40 0.40 V/ims | 0.0% | kQ, RL=100 Q,
Vout:20 %—80 %
ViN =24V, Rss= 100

Output OFF Slew Rate Yes 0.10 0.10 Vius | 0.0% | kQ, RL=100 Q,
Vour:80 %—20 %
Vin=24V, Rss =100

Output ON Delay Time Yes 60 60 ms 0.0% | kQ, RL=100 Q,
VEen:50 %—Vout:80 %
ViIN =24V, Rss = 100

Output OFF Delay Time Yes 360 360 us 0.0% | kQ,RL=100 Q,
Ven:50 %—Vout:20 %

Output Clamp Voltage Yes 50 50 V| 00% | VENZOV.

P P 9 7 | lour =10 mA

(Note 1) Yes: Model available (supported), No: Model not available (not supported).
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BV1HALA45EFJ SPICE Modeling Report Application Note

(Unless otherwise specified 8 V < Ves < 32V, Ta = 25 °C)

Modeled Design Value . "
Parameter (Note) Datasheet | SPICE Unit Error Condition
[FLAG]
FLAG Low Output Voltage Yes - 0.2 \Y, - IFrLac = 1 mA
FLAG Pin Leakage Current Yes - MA - Vrac =5V
The time from
FLAG Output Delay Time Yes 30 30 ms 0.0% | overcurrent detection to
VELaG = Low.
[Diagnostic Functions]
Thermal Shutdown Detection No 175 - °C -
Thermal Shutdown Hysteresis No 15 - °C -
ATj Protection No 105 - °C -
AT]j Protection Hysteresis No 30 - °C -
Fixed Overcurrent Limit Yes 26 26 A 0.0%
Variable Overcurrent Detection Yes 5.8 5.8 A 0.0% | Rum=100 kQ
(Note 1) Yes: Model available (supported), No: Model not available (not supported).
©2023 ROHM Co., Ltd. 66ANO086E Rev.001
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BV1HALA45EFJ SPICE Modeling Report Application Note

Characteristic in SPICE (vs. Measured Waveform) Simulation Setting
1. Standby Current Type: Transient
Run Time: 40 s
|FLAG
RFLAG
GND IN EN 10k UL ouT |ILIM |ss
GND  Vi=0 VIN VEN vi=0 | VFLAG Tz s out gt vouT
20 B @ 20O R Q@ Bheo e e 202D 2 BME R
TRAN = %3 ;10 TRAN = %E:’ ;100 N9 N TRAN =
J_ PW =1 J_ J_ PW =1 J_ BVIHAL45EF] J_ J_ J—
?0 PER =50 ?0 ?0 PER =5 :O ?0 ?O ?0
Figure 2.
Simulation Schematic 1
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-0.6 -0.6
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Supply Voltage: V\\ [V] Supply Voltage: V  [V]
Figure 3. Figure 4.
Standby Current Standby Current
(Measured Waveform) (SPICE Simulation)

Table 4 Characteristics Comparison

Parameter Me?h,solf;?(ﬂoﬁgsu't SPIC%S;TI?Ianon Unit Error Condition
Standby 0 0 uA 00% | ViN=24V,Ven=0V
Current

(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

2. Operating Current

Simulation Setting
Type: Transient

Run Time: 40 s
|FLAG
RFLAG
10k
GND IN EN Ul ouT |ILIM |ss
s our| 84T
DC = NP Vit "N DC = N V3 :VFLAG GND 3 | ILIM  OUT "¢, 0Adq| v § RLIM RSS
AC = ‘= D=0 VA AC = = m=0 FLAGA |GND N.C. "5 gy \Z 20k 100K
TRAN = TR =40 TRAN = TR =400 N9 rNLAG EN ——
.Pr\pNizll E\:Ni:ll J_ BV1HAL45EFJ J_ J_ J_
= PER =50 "=, =y PER=5"=, =0 = =
Figure 5.
Simulation Schematic 2
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Supply Voltage: V\\ [V] Supply Voltage: V  [V]
Figure 6. Figure 7.
Operating Current Operating Current
(Measured Waveform) (SPICE Simulation)
Table 5 Characteristics Comparison
Parameter Me?h,solf;?(ﬂoﬁgsu't SPIC%S;TI?Ianon Unit Error Condition
Operating o _ _
Current 2 2 mA 0.0 % ViN=24V,Ven=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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3. Output ON Resistance

PARAMETERS
IN =14

GND IN EN

™ = 10u\d
TR =1u
TF=1u

PW = 100
PER = 100—_

Simulation Setting
Type: Transient
Run Time: 10 ms

|FLAG

RFLAG
10k

U1 ouT ILIM ss
ss 1 8 ouT
VFLAG LM 2 | SS  OUT 70Ut
GND 3 | ILIM  OUT 6 N.c RL RUIM

2=
AC = =

TRAN = ]

GND N.C.
FLAG EN

IN
BV1HAL45EF] L

Y

Figure 8.
Simulation Schematic 3
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Supply Voltage: V,y [V]

Figure 9.
Output ON Resistance
(Measured Waveform)

Supply Voltage: V| [V]

Figure 10.
Output ON Resistance
(SPICE Simulation)

Table 6 Characteristics Comparison

35

Parameter Me?h,solf;?(ﬂoﬁgsu't SPIC%S;TI?Ianon Unit Error Condition
Output ON 0 -
Resistance 45 44.8 mQ -0.4 % Ven=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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BV1HALA45EFJ SPICE Modeling Report Application Note

4. Timing Chart (ONOFF) Simulation Setting

Type: Transient
Run Time: 150 ms

Ul

FLAG
§ RFLAG
‘ 10k

ss 1 8 out
v SS  OUT 76Ut

GND IN EN

GND Vi=0 VIN Vvi=0 VEN FLAG ILIM
DC = V2 =24 Q V2=5 Q DC =5 GND 3 | ILIM  OUT "g—NC. § RL § RLIM RSS
AC = D = 10n D = 5m AC = FLAGA | GND N.C. "5EN 100 50k 100k

TRAN = TR = 10u TR=1n TRAN = TN_9 | FLAG EN
TF = 10u TF=1n IN
PW = 1000 PW = 120m BVIHAL4SEF
_0 = -, -,

= PER = 10088 PER=1 =

I
o
o
o
o

Figure 11.
Simulation Schematic 4

N
Input Voltage 24
Vin - ”
2t B
A T
EN Voltage o]
Vv 10 %
EN ,
EHE s v (EN)
H tONé 32v
N : 24y
80
Output Voltage : ° 80 %
Vour 20
A SRon SRore .
Error Flag
VeLae
> t (FLAG) .
Figure 12. Figure 13.
Timing Chart (ONOFF) Timing Chart (ONOFF)
(Measured Waveform) (SPICE Simulation)
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5. Timing Chart (Latch-off due to Fixed Overcurrent Limit) Simulation Setting
Type: Transient
Run Time: 60 ms

FLAG
g RFLAG
10k
GND IN EN U1 ouT LM ss R
ss 1[ 18 our
GND vi=0 VIN vi=0 VEN VFLAG TV 2 ouT Vi=10 %1
DC:OC) v2=24 (1) Vv2=5 (0 DC =5+ ng SUCTW g RLIM v2=01 (7
AC= \= =100V 1 =5m \L AC= \= FLAGZ S5 EN 50k 1D = 10m
TRAN = TR = 10u TR =1n TRAN = W9 |FLAG EN SR | TR = 10u
TF = 10u TF = 1n (OUTIV(R) TF = 10u
PW = 50m PW = 40m BVIHAL45EF] PW =1
= PER=1 = PER=1 = = = = = PER-2 =
Y Y Y "0 "0 0 0 0

Figure 14.
Simulation Schematic 5
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Figure 15. Figure 16.
Timing Chart (Latch-off due to Fixed Overcurrent Timing Chart (Latch-off due to Fixed Overcurrent
Limit) Limit)
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6. Timing Chart (Latch-off due to Variable Overcurrent Detection)

Simulation Setting
Type: Transient
Run Time: 60 ms

FLAG
RFLAG
10k

GND IN EN Ul ouT LM SS
ss_2 SS ouT ? gtﬁ
- - ILIM
po-q " W% M B2 N pog i b euriee =
AC = TD = 10 TD = 5 AC = P
TRAN = 1R = 100 Romn TRAN = TN __9 | FLAG EN 2 100k
TF = 10u TF =1n IN
1 PW :_50m_ PW :_40m_ L BV1HAL45EFJ L L L
=0 PER=1 =) PER=1 = = =0 =0 =0
Figure 17.
Simulation Schematic 6
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Figure 18. Figure 19.

Timing Chart (Latch-off due to Variable Overcurrent
Detection)

Timing Chart (Latch-off due to Variable Overcurrent
Detection)
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BV1HALA45EFJ SPICE Modeling Report Application Note

7. Timing Chart (Duration of Overcurrent is less than tsLank) Simulation Setting

Type: Transient
Run Time: 60 ms

FLAG
§ RFLAG
IGND IN EN 10k N Ul s ouT ILIM SS R
SS ouT
poeq S0 VD% N Yz R o dveue BEHW out e Re AL wiln A
AC = ™ :mn TD = 5m @ AC = FLAGZ | GND N.C. "'5—¢N § 100k TD = 10m
el R RE ™ T Wi | mo ]
1 szsgmi PW7:20m‘7L L BVIHAL45EF) L Pw = 20m L
=0 PER =1 =0 PER =1 — =0 =0 =0 =0 PER =1 =0
Figure 20.
Simulation Schematic 7
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Figure 21. Figure 22.
Timing Chart (Duration of Overcurrent is less than Timing Chart (Duration of Overcurrent is less than

tBLANK) tBLANK)
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8. Variable Overcurrent Detection

PARAMETERS:
RLIM = 50k

EN
VIN Vl 0
TD 5m

V1= 0
DC = V2 =
AC = T = 10n
TRAN = TR =10u TR =1n
TF = 10u TF=1n
PW = 200m PW = 190m
= PER =1 — PER =1 :

o

Simulation Setting

Type: Transient
Run Time: 50 ms

FLAG
RFLAG
10k

Ul ILIM SS

ss 1 8 ouT
VFLAG LM 2 | SS  OUT 70Ut
DC=5 GND 3 | ILIM - OUT "6 NC. RL RLIM RSS
AC = FLAGZ | CND N.C. 'STEN 100 {RLIM}<™ 100k
TRAN = IW_vfAe BN
L BVIHAL45EFJ L L L
o o o ~o
Figure 23.

Simulation Schematic 8
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Figure 24. Figure 25.

Variable Overcurrent Detection
(Measured Waveform)

Variable Overcurrent Detection
(SPICE Simulation)

©2023 ROHM Co., Ltd.

66ANO86GE Rev.001

12/17

Nov.2023




BV1HALA45EFJ SPICE Modeling Report Application Note

0. Output ON Slew Rate (VIN = 24V) Simulation Setting

Type: Transient
Run Time: 400 ms

PARAMETERS

RSS = 50k
FLAG
RFLAG
10k
GND IN EN U1 ouT ILIM ss
ss_1[ " our 8 our
GND Vi=0 VIN vi=0 VEN VFLAG ILIM 7_ouT
DC = V2=24 V2=5 DC =5 GND 3 ‘(13—”’[') S%T 6 N.C. § RL § RLIM RSS
AC = TD = 10n TD =5m AC = FLAGZ S5 EN 100 50k {RSS}

TRAN = TR = 10u TR=1n TRAN = TN_9 |FLAG EN
TF = 10u TF=1n IN
PW = 1000 PW = 380m BVIHALA5EF]

= PER = 10088 PER =1 =

JF—

o
o
o
o

Figure 26.
Simulation Schematic 9
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Figure 27. Figure 28.
Output ON Slew Rate (VIN = 24V) Output ON Slew Rate (VIN = 24V)
(Measured Waveform) (SPICE Simulation)
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10. Output ON Slew Rate (VIN = 12V)

PARAMETERS
RSS =50k

Simulation Setting
Type: Transient
Run Time: 400 ms

FLAG
RFLAG
10k

IN EN u1 ouT ILIM ss
ss 1 -8 our

Vi=0 VIN vi=0 VEN VFLAG ILIM 7_out
V2=12 V2=5 DC =5 GND 3 | ILIM  OUT "6—NC. RL RLIM RSS
D = 10n T =5m AC = FLAGZ | GND NC. |5 En 100 50k {RSS}
TR = 10u TR =1n TRAN = N9 |
TF = 10u TF=1n IN
PW = 1000 PW = 380m BVIHAL45EFJ
PER = 10088, PER=1 —. = - — —

0 -0 0 -0 -0 -0

Figure 29.

Simulation Schematic 10
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Figure 30.
Output ON Slew Rate (VIN = 12V)
(Measured Waveform)
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Figure 31.
Output ON Slew Rate (VIN = 12V)
(SPICE Simulation)
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11. Output ON Delay Time (VIN = 24V)

Output ON Delay Time: tgy [ms]

120

100

80

60

40

20

PARAMETERS
RSS =50k

FLAG
RFLAG
10k

Simulation Setting
Type: Transient
Run Time: 400 ms

GND IN EN ul ouT LM
GND = VIN VFLAG ISL?M 71ss  our ? 381
DC = V3 VaZe DC = GND 3 | g—”’[‘) S%T 6 N.C. g g RLIM RSS
oy pimd miaW) Al Tl " o T 6
Tr::loul TF=1n l IN AL AL l
PW = 1000 PW =380m BV1HAL45EFJ
?0 PER = 10099'0 PER =1 :0 :0 ?0 ?0 :
Figure 32.
Simulation Schematic 11
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Figure 33. Figure 34.

Output ON Delay Time (VIN = 24V)
(Measured Waveform)

Output ON Delay Time (VIN = 24V)

(SPICE Simulation)
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12. Output ON Delay Time (VIN = 12V)

PARAMETERS
RSS =50k

V1i=0

IN EN
V1=0 VIN VEN
V2 =12 V2=5

AC = TD = 10n D =5m
TRAN = TR = 10u TR =1n
TF = 10u TF=1n
PW = 1000 PW = 380m
= PER = 10088, PER=1 —,
-0 0 -0

Simulation Setting
Type: Transient
Run Time: 400 ms

FLAG
RFLAG
10k

Ul

ss
ss 1 8 out
VELAG TLIM SS  OUT 75Ut
DC =5 GND 3 | ILIM  OUT "g—NC. RL RLIM RSS
AC = FLAGA | GND N.C. "5 EN 100 50k (RSS}
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=0 o o ~o
Figure 35.

Simulation Schematic 12
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Figure 36. Figure 37.

Output ON Delay Time (VIN = 12V)
(Measured Waveform)

Output ON Delay Time (VIN = 12V)
(SPICE Simulation)
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Notice

Notice

1) The information contained in this document is intended to introduce ROHM Group (hereafter
referred to asROHM) products. When using ROHM products, please verify the latest specifications
or datasheets before use.

2) ROHM products are designed and manufactured for use in general electronic equipment and
applications (such as Audio Visual equipment, Office Automation equipment, telecommunication
equipment, home appliances, amusement devices, etc.) or specified in the datasheets. Therefore,
please contact the ROHM sales representative before using ROHM products in equipment or
devices requiring extremely high reliability and whose failure or malfunction may cause danger or
injury to human life or body or other serious damage (such as medical equipment, transportation,
traffic, aircraft, spacecraft, nuclear power controllers, fuel control, automotive equipment including
car accessories, etc. hereafter referred to as Specific Applications). Unless otherwise agreed in
writing by ROHM in advance, ROHM shall not be in any way responsible or liable for any damages,
expenses, or losses incurred by you or third parties arising from the use of ROHM Products for
Specific Applications.

3) Electronic components, including semiconductors, can fail or malfunction at a certain rate. Please
be sure to implement, at your own responsibilities, adequate safety measures including but not
limited to fail-safe design against physical injury, and damage to any property, which a failure or
malfunction of products may cause.

4) The information contained in this document, including application circuit examples and their
constants, is intended to explain the standard operation and usage of ROHM products, and is not
intended to guarantee, either explicitly or implicitly, the operation of the product in the actual
equipment it will be used. As a result, you are solely responsible for it, and you must exercise your
own independent verification and judgment in the use of such information contained in this
document. ROHM shall not be in any way responsible or liable for any damages, expenses, or
losses incurred by you or third parties arising from the use of such information.

5) When exporting ROHM products or technologies described in this document to other countries, you
must abide by the procedures and provisions stipulated in all applicable export laws and regulations,
such as the Foreign Exchange and Foreign Trade Act and the US Export Administration
Regulations, and follow the necessary procedures in accordance with these provisions.

6) The technical information and data described in this document, including typical application circuits,
are examples only and are not intended to guarantee to be free from infringement of third parties
intellectual property or other rights. ROHM does not grant any license, express or implied, to
implement, use, or exploit any intellectual property or other rights owned or controlled by ROHM or
any third parties with respect to the information contained herein.

7) No part of this document may be reprinted or reproduced in any form by any means without the
prior written consent of ROHM.

8) All information contained in this document is current as of the date of publication and subject to
change without notice. Before purchasing or using ROHM products, please confirm the latest
information with the ROHM sales representative.

9) ROHM does not warrant that the information contained herein is error-free. ROHM shall not be in
any way responsible or liable for any damages, expenses, or losses incurred by you or third parties
resulting from errors contained in this document.

Thank you for your accessing to ROHM product informations.
More detail product informations and catalogs are available, please contact us.
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