Application Note

DC/DC Converter

Application Information

IC Product Name

BD9G201EFJ-M

Buck (Step-Down)

Topolo

POIoTY Switching Regulator

Type Non-Isolation
No VIN[V] Output Frequency[kHz] Conditions
1 10 to 42 5V, 1.5A 300
2 12 to 42 8V, 1.5A 300
3 16 to 42 12V, 1.5A 300
4 32 to 42 24V, 1.5A 300 COUT=47uF x 2
5 32 to 42 24V, 1.5A 300 COUT=22uF x 5
6 32 to 42 24V, 1.5A 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

IA

EN imFIMI(FHEHICEL D UVLO 5%5E

Vstart — Vstop
R1 = — N [Q]

VEN X R1
RR=—"""1[Q]
Vstart —VEN

IEN: EN imFY—A&E#R 10pA (Typ); VEN: EN i+ UVLO ZALvalLR 1.8V (Typ);
Vetare: UVLO ﬁg&%%&, Vstop: UvLO *ﬁﬂj%&

4188 CLK RIRAEFY I hA S — MHE
SYNC fiirF(C 250kHz~500kHz FTOEB CLKESZ AN T BIEICKD, FERBMENBIRET T . SMEB CLK EIEARFDY T M5 — NRFRE (&

HUTFoRICTEL2NET,
300

soft =

X 8 [ms]

f 0scC_ex

Tsoft : YT RRA—NIFRE [ms]; fosc_ex : 94EB CLK B2 [kHz]
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BD9G201EFJ-M Application Note
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BD9G201EFJ-M Application Note
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BD9G201EFJ-M Application Note
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= AIL x R Vv
Vpp 27 X f X COUT | "ESR V]

RESR : AF#I>7>Y ESR
HBVYTINEBERIINFDLIREZITOTUREN,

Flzo BHID T OBICEDEREIRFDSYS 1B RNEN D LHHERNNEICRDET
EHFOIYI1ERIush (F FEEORTEREINET .
COUT X VOUT X fosc ex

Irush = + AIL 4+ I10UT star A
Tsoftstart X fosc rt [ ]

Tsoftstart: YT A — N

fosc: IEBENVEELRER 300kHz
fosc_ex:IMEBEIRARBIRER (EFAAL TUWRWME S [Efosc £[FME)
IOUTstart: iCENBF D D EIRIETR
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BD9G201EFIJ-M

Application Note

D EESTE

ERROR AMP OWEBEAEEF(F0.8V TI . HAOEEFRORLIDRELFT

Rs+ R
VOUT = SR—6 x 0.8 [V]
6

EATIALNEBESLVEREICLD. BEDUty Don(FEL FOLIICEHEINET .

Don = vour x 100 [%
" T VCC = RowuX IOUT %l

COrS. BAOBEE FRIF TR TELHENSMInDuty(CL3HIRN®BDFET .

Don_min = (fosc X Ton_min) X 100 [%]

Don_min: Min Duty
fosc : BNMEREIRER
Ton_min: Bx/JN\ONBEfE 200ns.

Fle. BNBERTE LRETFRTEHENSMaxDuty(C L 2FIRNGBHET .

Don_max = [1 - (fosc X Toff_f)] x 100 [%]
Don_max: Max Duty
fosc: BIEREIRER
Torr ¢ : 98I OFF JULANE 300ns
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BD9G201EFIJ-M

Application Note

PR

1. VOUT=5V, IOUT=1.5A, (VIN=10V to 42V), fosc=300kHz

Table 2. @K 1

Quantity | ;:;Zr:géi | Part Number | Manufacturer | Value | [Uni?sifwrif\t(ir?wr:n)]
IC
1 I U1l I BD9G201EF]-M I Rohm | - | Buck DC/DC
Capacitor
1 c1 GCM32EC71H106KA03 Murata 10pF Ceramic Capacitor, 50V, X7S, £10%, 1210(3225)
1 c2 GCM155R71H104KEQ02 Murata 0.1pF Ceramic Capacitor, 50V, X7R, £10%, 0402(1005)
1 Cc3 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 (€9 GCM32EC71A476KE02 Murata 47uF Ceramic Capacitor, 10V, X7S, £10%, 1210(3225)
1 c7 GCM32EC71A476KE02 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 9 CLF10060NIT-220M-D TDK 22uH Inductor, 3.3A max, 51.6mQ(max), £20%, 4949(10.0 x 10.1)
XAL5050-223M Coilcraft 22puH Inductor, 2.5A max, 99.7mQ(max), £20%, 2122(5.3 x 5.5)
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Figure 5. BAZIRNIE vs EFEER
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BD9G201EFIJ-M

Application Note

SR (HE)

2. VOUT=8Y, IOUT=1.5A, (VIN=12V to 42V), fosc=300kHz
Table 3. #p@m*E 2

Quantity | [?jsfizr:;];i | Part Number | Manufacturer | Value | [Uni?ir;zt(i;r;‘l)]
IC
1| u1 | eoocaoiemm | 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 cs GCM1555C1H470]A16 Murata 47pF Ceramic Capacitor, 50V, X7R, £5%, 0402(1005)
1 c6 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 Cco - - - 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 RS 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 RBR5LAMG0ATF Rohm - Diode, 60V, 5A, 1910(4725)
Inductor
. L CLF10060NIT-220M-D TDK 22pH Inductor, 3.3A max, 51.6mQ(max), £20%, 4949(10.0 x 10.1)
XAL5050-223M Coilcraft 22pH Inductor, 2.5A max, 99.7mQ(max), £20%, 2122(5.3 x 5.5)
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BD9G201EFIJ-M

Application Note

SR (HE)

3. VOUT=12V, Io=1.5A, (VIN=16V to 42V), fosc=300kHz
Table 4. Zpm*E 3

Quantity | gs;zr:gti | Part Number | Manufacturer | Value | [Unie:es;rgit(i:’\r;’\)]
IC
1 | U1 | BD9G201EF)-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 GCM155R71E104KEO2 Murata 0.1pF Ceramic Capacitor, 50V, X7R, £10%, 0402(1005)
1 C5 GCM1555C1H330JA16 Murata 33pF Ceramic Capacitor, 50V, X7R, £5%, 0402(1005)
1 Ccé6 KCM55WR71E476MHO01 Murata 47uF Ceramic Capacitor, 25V, X7R, £20%, 2421(6153)
1 c7 KCM55WR71E476MHO01 Murata 47uF Ceramic Capacitor, 25V, X7R, £20%, 2421(6153)
1 c8 - - - Open
1 c9 - - - 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 RBR5LAM60ATF Rohm - Diode, 60V, 5A, 1910(4725)
Inductor
) L1 CLF10060NIT-220M-D TDK 22uH Inductor, 3.3A max, 51.6mQ(max), £20%, 4949(10.0 x 10.1)
XAL5050-223M Coilcraft 22pH Inductor, 2.5A max, 99.7mQ(max), £20%, 2122(5.3 x 5.5)
100 100
90 90
80 80
70 70
< 60 T 60
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% 40 é 40
30 vinsieY 30 Vi
20 e 20 e
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10 —VIN=42V 10 —VIN=a2v
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Figure 10. BHZEHRE vs BfEER Figure 11. BHZEHRE vs BEER
(&BE2R3, VOUT=12V, CLF10060NIT) (8RR 3, VOUT=12V, XAL5050)
Sub: | Sockepestcede CPRSNADRE. G SUBSCFE ANAL: CH/CHE EOLoEF BIEEL BTG
WP 14,454397TkHz  #R: 42,071 cB 40 493,12 deg
o ‘ T T T Tt \ Hl”r”:‘::‘“"
- w‘,ﬂ I e Lol
oLl ekl
i it
Figure 12. BEIRENFE
(BP&E% 3, VIN=24V, IOUT=1.5A)
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BD9G201EFIJ-M

Application Note

SR (HE)

4. VOUT=24V, lo=1.5A, (VIN=32V to 42V), fosc=300kHz
Table 5. ZRE 4

Quantity | ;:;Zr:;t(;er | Part Number | Manufacturer | Value | [Unli)te:sicnr(i:zt(iir;q)]
IC
1| ut | spsca0ier-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 GCM155R71E104KEQ2 Murata 0.1pF Ceramic Capacitor, 50V, X7R, £10%, 0402(1005)
1 C5 GCM1555C1H680]A16 Murata 68pF Ceramic Capacitor, 50V, X7R, £5%, 0402(1005)
1 Cc6 KCM55WR7YA476MHO1 Murata 47uF Ceramic Capacitor, 35V, X7R, £20%, 2421(6153)
1 Cc7 KCM55WR7YA476MHO1 Murata 47uF Ceramic Capacitor, 35V, X7R, £20%, 2421(6153)
1 c8 - - - Open
1 (o] - - - 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 RBR5LAM6G0ATF Rohm - Diode, 60V, 5A, 1910(4725)
Inductor
1 L CLF10060NIT-220M-D TDK 22pH Inductor, 3.3A max, 51.6mQ(max), £20%, 4949(10.0 x 10.1)
XAL5050-223M Coilcraft 22pH Inductor, 2.5A max, 99.7mQ(max), £20%, 2122(5.3 x 5.5)
100 100
90 %0
80 80
70 70
R 60 F 60
g 50 g 50
5 40 Eg 40
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20 VIN=36V 20 VIN=36V
10 ——VIN=42V 10 —VIN=42v
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Figure 13. EAZEHME vs BEER

(EpSZE 4, VOUT=24V, CLF10060NIT)

osCr 1. U 20.0mVpesk DC Q.00 V INTEGT  2ocycle HMCT |
WP S@steps/dacade CPRSN:OFF SLSWP:OFF ANAL:CHI/CHZ EQL:OFF SWEEP
e 35.307T800kHz #R:  —0.0G05 dB *0:+106.098 deg

= raczian 1
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Figure 15. BEIRENFIE
(BP&EE 4, VIN=36V, IOUT=1.5A)

Figure 14. &

LT vs BB

(BBGaZR 4, VOUT=24V, XAL5050)
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Application Note

HMmT|(RE)

5. VOUT=24V, Io=1.5A, (VIN=32V to 42V), fosc=300kHz
Table 6. ZBfZ 5
Quantity | g:sfiegr:gtizer | Part Number | Manufacturer | Value | [Un[i):Sicnr;f]?:qnm)]
IC
1| u1 [ epocoierm | 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 cs GCM1555C1H820]A16 Murata 82pF Ceramic Capacitor, 50V, X7R, £5%, 0402(1005)
1 c6 KCM55QR7YA226KHO1 Murata 22uF Ceramic Capacitor, 35V, X7R, £20%, 2421(6153)
1 c7 KCM55QR7YA226KHO1 Murata 22uF Ceramic Capacitor, 35V, X7R, £20%, 2421(6153)
1 c8 KCM55QR7YA226KHO1 Murata 22uF Ceramic Capacitor, 35V, X7R, £20%, 2421(6153)
1 c9 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)
R6 MCRO3EZPD1602 Rohm 16kQ Resistor, 50V, 0.1W, +0.5%, 0603(1608)
Diode
1 D1 RBR5LAMG0ATF Rohm - Diode, 60V, 5A, 1910(4725)
Inductor
. L CLF10060NIT-220M-D TDK 22pH Inductor, 3.3A max, 51.6mQ(max), £20%, 4949(10.0 x 10.1)
XAL5050-223M Coilcraft 22pH Inductor, 2.5A max, 99.7mQ(max), £20%, 2122(5.3 x 5.5)
100 100
) 90
80 80
70 70
X 60 & 60
g 50 g 50
% 40 é 40
30 VIN=32V 30 VIN=32V
20 VIN=36V 20 VIN=36V
10 ——VIN=42V 10 ——VIN=42v
0 0
1 10 100 1000 10000 1 10 100 1000 10000
10UT[mA] I0UT[mA]
Figure 16. EAZEHMNE vs BEER Figure 17. BHZEIHE vs BTER
(8PS 5, VOUT=24V, CLF10060NIT) (8PS 5, VOUT=24V, XAL5050)
OSC: 1. G000000RO0Nz o 20.0mvpesk DG 6.08 ¥ INTEG:  2Beycle  HMNG: 1
SP:  SBsteps/decads CPRSN:OFF SLSWP:OFF ANAL:CHL/CHZ EOL:OFF
Kl 20. 1895172kH=z *R: +2.002 dB *6:+113.51 deg
) “ B
ol - .
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Figure 18. BEIRENFIE
(BP&Z% 5, VIN=36V, IOUT=1.5A)
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6. VOUT=24V, Io=1.5A, (VIN=32V to 42V), fosc=300kHz
Table 7. Z3@E 6

) Reference Description
Quantity | Designator Part Number | Manufacturer | Value | [Unit: inch(mm)]
IC
r | U1 BD9G201EFI-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 Cc5 GCM1555C1H121JA16 Murata 120pF Ceramic Capacitor, 50V, X7R, £5%, 0402(1005)
1 ceé PCV1V101MCL1GS Nichicon 100pF Alminum Electrolytic Capacitor, 35V, £20%, +20%, 4141(10.3 x 10.3)
1 c7 - -
1 c8 - -
1 C9 - -
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 RBR5LAM60ATF I Rohm - I Diode, 60V, 5A, 1910(4725)
Inductor
1 L CLF10060NIT-220M-D TDK 22uH Inductor, 3.3A max, 51.6mQ(max), £20%, 4949(10.0 x 10.1)
XAL5050-223M Coilcraft 22pH Inductor, 2.5A max, 99.7mQ(max), +20%, 2122(5.3 x 5.5)
100 100
90 90
80 80
70 70
* 60 L 60
T 3
@ 50 5 50
S ]
£ 40 g 40
30 VIN=32V 30 VIN=32V
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