Application Note

DC/DC Converter

Application Information

IC Product Name

BD9G401EFJ-M

Buck (Step-Down)

Topolo

POIoTY Switching Regulator

Type Non-Isolation
No VIN[V] Output Frequency[kHz] Conditions
1 10 to 42 5V, 3.5A 300
2 12 to 42 8V, 3.5A 300
3 16 to 42 12V, 3.5A 300
4 32 to 42 24V, 3.5A 300 COUT=47uF x 2
5 32 to 42 24V, 3.5A 300 COUT=22uF x 5
6 32 to 42 24V, 3.5A 300 COUT=100pF
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Table 1. EN i FE&EL IC EfF
IC operation

Terminal state
> 1.8V Normal operation

1.4V Internal REG is turned on

< 0.3V Power down
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BD9G401EFJ-M Application Note
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BD9G401EFJ-M Application Note
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BD9G401EFIJ-M

Application Note
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1. VOUT=5YV, IOUT=3.5A, (VIN=10V to 42V), fosc=300kHz
Table 2. @K 1

. Reference Description
Quantity Designator Part Number Manufacturer Value [Unit: inch(mm)]
IC
1 Ul BD9G401EF]-M Rohm - Buck DC/DC
Capacitor
1 C1 GCM32EC71H106KA03 Murata 10pF Ceramic Capacitor, 50V, X7S, £10%, 1210(3225)
1 c2 GCM155R71H104KE02 Murata 0.1pF Ceramic Capacitor, 50V, X7R, £10%, 0402(1005)
1 C3 GCM155R71H102KA37 Murata 1000pF Ceramic Capacitor, 50V, X7R, £10%, 0402(1005)
1 c4 GCM155R71E104KE02 Murata 0.1pF Ceramic Capacitor, 50V, X7R, £10%, 0402(1005)
1 C5 GCM1555C1H180]A16 Murata 18pF Ceramic Capacitor, 50V, X7R, £5%, 0402(1005)
1 Cc6 GCM32EC71A476KE02 Murata 47uF Ceramic Capacitor, 10V, X7S, £10%, 1210(3225)
1 c7 GCM32EC71A476KEQ2 Murata 47uF Ceramic Capacitor, 10V, X7S, £10%, 1210(3225)
1 Cc8 - - - Open
1 co - - - Open
1 C10 - - - Open
Resistor
1 R1 MCRO3EZPD1103 Rohm 110kQ Resistor, 50V, 0.1W, £0.5%, 0603(1608)
1 R2 MCRO3EZPD4302 Rohm 43kQ Resistor, 50V, 0.1W, +0.5%, 0603(1608)
1 R3 MCRO3EZPFX1502 Rohm 15kQ Resistor, 50V, 0.1W, +1%, 0603(1608)
1 R4 - - - Open
1 R5 MCRO3EZPD4303 Rohm 430kQ Resistor, 50V, 0.1W, +0.5%, 0603(1608)
1 R6 MCRO3EZPD8202 Rohm 82kQ Resistor, 50V, 0.1W, £0.5%, 0603(1608)
Diode
1 | D1 | RBR5LAM60ATF | Rohm | - | Diode, 60V, 5A, 1910(4725)
Inductor
1 | L1 | CLF12577NIT-220M-D | TDK | 22pH | Inductor, 4.3A max, £20%, 4949(12.8 x 12.5)
100 05CH 1. 0000Q0EERaEMHz "o 20, @moeak DO @00 % INTEG: 2Bcycle  HMMWC: 1
SipP: S0steps/decade CPREM:OFF SLSWP:OFF ANAL :CH2/CH1 EQL:OFF SWEEP
90 TTEEEN #F1  20.8929513<Hz  &R: —0.123 dB #8: +49.62 deg
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Figure 4. EHZEIENIE vs BFEER Figure 5. BIEEUFE
(8hEa& 1, VOUT=5V) (853 1, VIN=12V, IOUT=3.5A)
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2. VOUT=8Y, IOUT=3.5A, (VIN=12V to 42V), fosc=300kHz
Table 3. @K 2

. Reference Description
Quantity Designator Part Number Manufacturer Value [Unit: inch(mm)]
IC
1 Ul BD9G401EF]-M Rohm - Buck DC/DC
Capacitor
1 C1 GCM32EC71H106KA03 Murata 10pF Ceramic Capacitor, 50V, X7S, £10%, 1210(3225)
1 Cc2 GCM155R71H104KE02 Murata 0.1pF Ceramic Capacitor, 50V, X7R, £10%, 0402(1005)
1 C3 GCM155R71H102KA37 Murata 1000pF Ceramic Capacitor, 50V, X7R, £10%, 0402(1005)
1 c4 GCM155R71E104KE02 Murata 0.1pF Ceramic Capacitor, 50V, X7R, £10%, 0402(1005)
1 C5 GCM1555C1H470]A16 Murata 47pF Ceramic Capacitor, 50V, X7R, £5%, 0402(1005)
1 Cc6 KCM55WR71E476MHO1 Murata 47uF Ceramic Capacitor, 25V, X7R, £20%, 2421(6153)
1 c7 KCM55WR71E476MHO1 Murata 47uF Ceramic Capacitor, 25V, X7R, £20%, 2421(6153)
1 Cc8 - - - Open
1 co - - - Open
1 C10 - - - Open
Resistor
1 R1 MCRO3EZPD1103 Rohm 110kQ Resistor, 50V, 0.1W, +£0.5%, 0603(1608)
1 R2 MCRO3EZPD4302 Rohm 43kQ Resistor, 50V, 0.1W, +0.5%, 0603(1608)
1 R3 MCRO3EZPFX1602 Rohm 16kQ Resistor, 50V, 0.1W, £1%, 0603(1608)
1 R4 - - - Open
1 R5 MCRO3EZPD5603 Rohm 560kQ Resistor, 50V, 0.1W, +0.5%, 0603(1608)
1 R6 MCRO3EZPD6202 Rohm 62kQ Resistor, 50V, 0.1W, £0.5%, 0603(1608)
Diode
1 | D1 | RBR5LAM60ATF | Rohm | - | Diode, 60V, 5A, 1910(4725)
Inductor
1 | L1 | CLF12577NIT-220M-D | TDK | 22pH | Inductor, 4.3A max, £20%, 4949(12.8 x 12.5)
05C 1. 000@00a@eeMtz o 20, 0mYpeak DC @.08 Y INTEG: 2@cycle  HMNC: 1
100 SP: S@steps/decade CPREN:OFF SLEWP:OFF ANAL:CH2/CHI EQL:OFF SWEEP
0 *F1 OB, 1188843kHz *R: -0.095 cB #6: +80.71 deg
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Figure 6. EHZIZNIEK vs BFEER Figure 7. BIEEUFE
(8B 2, VOUT=8V) (8BS 2, VIN=12V, IOUT=3.5A)
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3. VOUT=12V, Io=3.5A, (VIN=16V to 42V), fosc=300kHz
Table 4. Zp@m*E 3

) Reference Description
Val
Quantity Designator Part Number Manufacturer alue [Unit: inch(mm)]
IC
1 U1l BD9G401EFJ-M Rohm - Buck DC/DC
Capacitor
1 c1 GCM32EC71H106KA03 Murata 10pF Ceramic Capacitor, 50V, X7S, £10%, 1210(3225)
1 Cc2 GCM155R71H104KEQ2 Murata 0.1uF Ceramic Capacitor, 50V, X7R, £10%, 0402(1005)
1 C3 GCM155R71H102KA37 Murata 1000pF Ceramic Capacitor, 50V, X7R, £10%, 0402(1005)
1 Cc4 GCM155R71E104KE02 Murata 0.1pF Ceramic Capacitor, 50V, X7R, £10%, 0402(1005)
1 C5 GCM1555C1H330]A16 Murata 33pF Ceramic Capacitor, 50V, X7R, £5%, 0402(1005)
1 Cc6 KCM55WR71E476MHO1 Murata 47uF Ceramic Capacitor, 25V, X7R, £20%, 2421(6153)
1 c7 KCM55WR71E476MHO1 Murata 47uF Ceramic Capacitor, 25V, X7R, £20%, 2421(6153)
1 c8 - - - Open
1 co - - - Open
1 C10 - - - Open
Resistor
1 R1 MCRO3EZPD1103 Rohm 110kQ Resistor, 50V, 0.1W, £0.5%, 0603(1608)
1 R2 MCRO3EZPD4302 Rohm 43kQ Resistor, 50V, 0.1W, +0.5%, 0603(1608)
1 R3 MCRO3EZPFX2402 Rohm 24kQ Resistor, 50V, 0.1W, £1%, 0603(1608)
1 R4 - - - Open
1 R5 MCRO3EZPD5103 Rohm 510kQ Resistor, 50V, 0.1W, £0.5%, 0603(1608)
1 R6 MCRO3EZPD3602 Rohm 36kQ Resistor, 50V, 0.1W, £0.5%, 0603(1608)
Diode
1| D1 | rersiameoatr | Rohm [ - ] Diode, 60V, 5A, 1910(4725)
Inductor
1 | L1 | CLF12577NIT-220M-D | TDK | 22pH | Inductor, 4.3A max, £20%, 4949(12.8 x 12.5)
0SCH 1. 00@0@DeRaEMHz "o 20, @mvosak DO @08 V  INTEG: 2Bcycle  HMMWC: 1
100 SuP SPsteps/decade CPREMIOFF SLSWP:OFF ANAL :CHI1/CH2 EQL:OFF SWEEP
#Fi 15, 1356125<Hz #R: -0.113 cB #8: +96.40 deg
80 o \M
il ‘“"lj 135
70 “ i) By w
¥ 60 40 fpmpim AL 1
g " I\‘Y%'Y\A s
= 50 ] l\
(S] ° a
VIN=16V Vet
30 * P
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20 VIN=36V oo : 4 \.’l U ias
10 VIN=42V |H \Inl\ﬂ.ﬂmu HER R R i J.um_,aﬁ
0 FreqUEC e )
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IOUT[mA]
Figure 8. EHZEIZNIEK vs BFEER Figure 9. BIEEUFE
(8BE& 3, VOUT=12V) (8BER 3, VIN=24V, IOUT=3.5A)
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4. VOUT=24V, Io=3.5A, (VIN=32V to 42V), fosc=300kHz

Table 5. ZRE 4

Quantity g:;zr:gtc; Part Number Manufacturer Value [Unlijtfsi%rciﬁt(ir?q%)]
IC
1 Ul BD9G401EF]-M Rohm - Buck DC/DC
Capacitor
1 C1 GCM32EC71H106KA03 Murata 10pF Ceramic Capacitor, 50V, X7S, £10%, 1210(3225)
1 2 GCM155R71H104KE02 Murata 0.1pF Ceramic Capacitor, 50V, X7R, £10%, 0402(1005)
1 C3 GCM155R71H102KA37 Murata 1000pF Ceramic Capacitor, 50V, X7R, £10%, 0402(1005)
1 c4 GCM155R71E104KE02 Murata 0.1pF Ceramic Capacitor, 50V, X7R, £10%, 0402(1005)
1 C5 GCM1555C1H680JA16 Murata 68pF Ceramic Capacitor, 50V, X7R, £5%, 0402(1005)
1 Cc6 KCM55WR7YA476MHO1 Murata 47uF Ceramic Capacitor, 35V, X7R, £20%, 2421(6153)
1 c7 KCM55WR7YA476MHO1 Murata 47uF Ceramic Capacitor, 35V, X7R, £20%, 2421(6153)
1 Cc8 - - - Open
1 co - - - Open
1 C10 - - - Open
Resistor
1 R1 MCRO3EZPD1103 Rohm 110kQ Resistor, 50V, 0.1W, £0.5%, 0603(1608)
1 R2 MCRO3EZPD4302 Rohm 43kQ Resistor, 50V, 0.1W, +0.5%, 0603(1608)
1 R3 MCRO3EZPFX2402 Rohm 24kQ Resistor, 50V, 0.1W, +1%, 0603(1608)
1 R4 - - - Open
1 R5 MCRO3EZPD4703 Rohm 470kQ Resistor, 50V, 0.1W, +0.5%, 0603(1608)
1 R6 MCRO3EZPD1602 Rohm 16kQ Resistor, 50V, 0.1W, £0.5%, 0603(1608)
Diode
1 | D1 | RBR5LAMG0ATF | Rohm - | Diode, 60V, 5A, 1910(4725)
Inductor
1 | L1 | CLF12577NIT-220M-D | TDK 22uH | Inductor, 4.3A max, £20%, 4949(12.8 x 12.5)
100 SUi | Sbatensdacode CPRISONE. SLSUPHOPF ANAL:CHI/CHR EaL O SUEEE iR
0 :N:m 23.9883202Hz %R +0.014 dB  %5:+122. 6:;35. :fg
80 ) l T ‘ 1%
70 o ,'“ xhl‘\\ : [ Ay :5
- - P
% 60 iR N%L‘v .
. gl L a 1)
R SN
& - SHhed L1 41/
10 VIN=42V e \ ! |,k T - e Vm
0 FrecLENEy a1
1 10 100 1000 10000
I0UT[mA]
Figure 10. EHZEIRZIEK vs BRIER Figure 11. FEiREUFE
(EB@= 4, VOUT=24V) (EB&@Z= 4, VIN=36V, IOUT=3.5A)
© 2021ROHM Co., Ltd. No. 62AN139J Rev.001
10/13 2021.3




BD9G401EFIJ-M

Application Note

HMmT|(RE)

5. VOUT=24V, lIo=3.5A, (VIN=32V to 42V), fosc=300kHz
Table 6. BB@z 5

Quantity g:;zr:gtcoi Part Number Manufacturer Value [UnIiDt(:asicnr(i:Et(i;r:n)]
IC
1 Ul BD9G401EFI-M Rohm - Buck DC/DC
Capacitor
1 C1 GCM32EC71H106KA03 Murata 10pF Ceramic Capacitor, 50V, X7S, £10%, 1210(3225)
1 c2 GCM155R71H104KEQ2 Murata 0.1pF Ceramic Capacitor, 50V, X7R, £10%, 0402(1005)
1 c3 GCM155R71H102KA37 Murata 1000pF Ceramic Capacitor, 50V, X7R, £10%, 0402(1005)
1 c4 GCM155R71E104KE02 Murata 0.1pF Ceramic Capacitor, 50V, X7R, £10%, 0402(1005)
1 C5 GCM1555C1H820JA16 Murata 82pF Ceramic Capacitor, 50V, X7R, £5%, 0402(1005)
1 Cc6 KCM55QR7YA226KHO1 Murata 22uF Ceramic Capacitor, 35V, X7R, £20%, 2421(6153)
1 c7 KCM55QR7YA226KHO1 Murata 22uF Ceramic Capacitor, 35V, X7R, £20%, 2421(6153)
1 Cc8 KCM55QR7YA226KHO1 Murata 22uF Ceramic Capacitor, 35V, X7R, £20%, 2421(6153)
1 co KCM55QR7YA226KHO1 Murata 22uF Ceramic Capacitor, 35V, X7R, £20%, 2421(6153)
1 C10 KCM55QR7YA226KHO1 Murata 22uF Ceramic Capacitor, 35V, X7R, £20%, 2421(6153)
Resistor
1 R1 MCRO3EZPD1103 Rohm 110kQ Resistor, 50V, 0.1W, +0.5%, 0603(1608)
1 R2 MCRO3EZPD4302 Rohm 43kQ Resistor, 50V, 0.1W, £0.5%, 0603(1608)
1 R3 MCRO3EZPFX2402 Rohm 24kQ Resistor, 50V, 0.1W, +1%, 0603(1608)
1 R4 - - - Open
1 R5 MCRO3EZPD4703 Rohm 470kQ Resistor, 50V, 0.1W, £0.5%, 0603(1608)
1 R6 MCRO3EZPD1602 Rohm 16kQ Resistor, 50V, 0.1W, +0.5%, 0603(1608)
Diode
1| D1 | rersiaveoatr | Rohm | - | Diode, 60V, 5A, 1910(4725)
Inductor
1| L1 [ ciri2s77nr-220m- | TDK [ 2204 | inductor, 4.3A max, £20%, 4949(12.8 x 12.5)
SRR R B R A o
o #f:  19,9847820kHz *R: —0.018 dB #9:+1108.599 deg
70 . ! “ ‘I o 155
g o0 i )
g 50 o e ) o o
£ v Sl |
h VIN=32v :: \J‘ lll ‘} \Ur/]\\k\iﬁ\\“ ”
2 VIN=36V o u‘ ! \'H\ -135
1 10 100 1000 10000
I0UT[mA]
Figure 12. BHZHINE vs BEFER Figure 13. JEIREUFE
(8B 5, VOUT=24V) (8B& 5, VIN=36V, IOUT=3.5A)
© 2021ROHM Co., Ltd. No. 62AN139J Rev.001
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6. VOUT=24V, Io=3.5A, (VIN=32V to 42V), fosc=300kHz
Table 7. BB@zR 6

- Reference Description
tit Part N M fact: Val
Quantity | Designator | art Number | anufacturer | alue | [Unit: inch(mm)]
IC
1 | Ul | BD9G401EF]-M | Rohm | N | Buck DC/DC
Capacitor
1 Cc1 GCM32EC71H106KA03 Murata 10pF Ceramic Capacitor, 50V, X7S, £10%, 1210(3225)
1 c2 GCM155R71H104KE02 Murata 0.1pF Ceramic Capacitor, 50V, X7R, £10%, 0402(1005)
1 c3 GCM155R71H102KA37 Murata 1000pF Ceramic Capacitor, 50V, X7R, £10%, 0402(1005)
1 c4 GCM155R71E104KEQ2 Murata 0.1pF Ceramic Capacitor, 50V, X7R, £10%, 0402(1005)
1 C5 GCM1555C1H121JA16 Murata 120pF Ceramic Capacitor, 50V, X7R, £5%, 0402(1005)
1 Cc6 PCV1V101MCL1GS Nichicon 100pF Aluminum Electrolytic Capacitor, 35V, £20%, £20%, 4141(10.3 x 10.3)
1 c7 - - - -
1 C8 - - -
1 Cc9 - - -
1 C10 - - - -
Resistor
1 R1 MCRO3EZPD1103 Rohm 110kQ Resistor, 50V, 0.1W, +£0.5%, 0603(1608)
1 R2 MCRO3EZPD4302 Rohm 43kQ Resistor, 50V, 0.1W, +0.5%, 0603(1608)
1 R3 MCRO3EZPFX2402 Rohm 24kQ Resistor, 50V, 0.1W, £1%, 0603(1608)
1 R4 - - - Open
1 R5 MCRO3EZPD4703 Rohm 470kQ Resistor, 50V, 0.1W, +£0.5%, 0603(1608)
1 R6 MCRO3EZPD1602 Rohm 16kQ Resistor, 50V, 0.1W, +£0.5%, 0603(1608)
Diode
1| D1 [ rersiameoatr | Rohm | - | Diode, 60V, 5A, 1910(4725)
Inductor
1 | L1 | CLF12577NIT-220M-D | TDK | 22uH | Inductor, 4.3A max, £20%, 4949(12.8 x 12.5)
03C: 1. 00R00EQeEMHz " 20, OmVpeak DO ©.9@ Y INTEG: 2@cycle  HMNC:
100 SlF Shsteps/decade CPRIN:OFF SLEWP:0FF ANAL:CHI/CHZ EQL:OFF SWEEP
s B5.0255959H=  ®R:  +2.002 dB %5 +91.92 deg
90 GAINIJB] PHASE[ deg 1 I
T T T T T T T T e 1
80 L
il Vi
70 c
Il & \ o
— A i
< 60 i ‘ L
> za (O W el )
5 50 N AR
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30 - (‘ \V/ L)
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Figure 14. ENEHE vs BEER Figure 15. JEIREFE
(EP@= 6, VOUT=24V) (8BS 6, VIN=36V, IOUT=3.5A)
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