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B= EEFHY
KICITEBRETEEHE 4.5V ~ 42V TEMERIREL /N m AANEEEHA 45V ~ 42V
141 FFETREBA M4 — FERBEOBERA Y F I LF m FEEBERE (Ta= 25°C) +1.5%
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m EMEREEHHR :

Rolr—o
HTSOP-JBES
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£70v o kSRS

1. REF
BEBEERTOVITY,

2. REG
AMEBRERALF2L—2TY,

3. CHG
T—rRASYTAVTUOHRBEADOLF2L—ETY,

4. TSD
BHRERKTT, RACY I a3 VEBET=150°C #BAHEEAML =156, HAFET%2OFF L, Y7 FX4
—rEBEYEY FLET,

BEMNMETIZEERTYILRZH>THBERLED,

5. UVLO
BEEEXRIEBLEERTY., BRIBLAVEBRUVEREEETHEORNIERSEMEEZHELET,
VCCIiFEBEEZE=-HALTHEY. VCCHAUVLOBRHRAL YL IILRUTELRBEHANFET20OFF L, VI FRAE—
FEIEE )Y FLET,

UVLO BEA LYY a)lRIZFERTY O REBLTWET,

6. ENUVLO
EN #mF A% 0.3V LR DB IC [£ OFF, 0.3V Ltk 1.4V LITOEE THER REG AYON, 1.8V(Typ)Ll L &g o =IHER A
yFUTEEL. REEEELY 10ATYP)D ERT Y S RERERNY—RAENET,

ICEi{E%& OFF 9 51=0ICIXY —REREFI SR BENDPDBELLBY FT,

VCC HIMBFIZ EN i F 25T EBBRNA L VKRN BESINDIGFEITIE ENBFHINAA VE—F D RITH LA
WS, TLED U EBHEToTLIEEL, ENHFZE VCCHhALDEBMAENTHER TSI &LICKY. UVLO EELL
LTOREERERERENARETY . REAZEERBOFMEMBEREZSHBLTILZELY,

7. ErrorAMP
HAESEH/RE L. PWMHIEHES £H Hd SREERIEHRTT,
REEEEEIL 0.8V(Typ)IZERE L TULET,

8. SoftStart
DC/DC AUN—ZDHANBEEZHRONMILESEIZICLY . EFRORAEREZHCERTY .
ICEADEENTDETHY 7 R4 — FERILBEEE— FOD 300kHzZ(Typ)Di5E 8msec(Typ) T .
FIRENESREEZMA LGS ERIRERKICLYEILELET,
FBOFMEMERZEZSBLTILEEL,

9. Oscillator
S\ ER R EAYEHE % 15 o 1=K %k 300kHz(Typ) D HIREIK TY,
54E8 CLK % SYNC S FICAHNT BT &I12& Y, 250kHz ~ 500kHz £ TOREABENRIEET T,
SHEREHAMEE DML R R DB MERESBIZ SN,
BEIZCTHERAT 2581L SYNCiiHF% GND ITHEHE L TS,

10. Current Sense AMP
BEE—/LABERRZTY,
IMEIERH NEE L SLOPE BERZMELE=H£ D&, FETSW OEFRICK L-EEZHE L TH A/ UL R DI 2 &I
L. FSAn~HALFET,

11. Nch FET SW
45V THED /N4 4 K Nch FET SW T9,
HABH+ 1 V502D TLERMSEHEINS FET RAEHMN OCP B 40AMINLUTELEBESIFARALTLES
LY,
FETBRAEBRDAEAZFBROT T r—2a VEEEEAEZESHBLTESL,

12. OCP
Nch FET OB ERGFERKTT . BERERE L-BAICIZEBE L-ELOR FET 2 OFF LY, 2 BiE#H TASE
FRE LB EICE. —EFES Yy FELLEZOE. BEERLFT . FHITEROEMEMBERZSB L T LS,

13. MaxDuty Logic
8 FE#AE#H: T Nch FET SW ASON L#IT7=35& (. SBHMIC—ERR/ NS Y4 K FET 24 79 3R TY, MaxDuty
DEFMIFRBOFMFMFERESHL TSN,
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xR KB (Ta= 25°C)

15H ks EHE BAfL
VCC - GND FH \V/el; 45 \Y
BST - GND VBST 50 \Y
BST - LX S VBST-LX 7 \Y
EN - GND 4 VEN 45 \Y
LX - GND g VLX 45 \Y
FB - GND 4 VFB 7 \Y
VC - GND 4 e 7 \Y
SYNC - GND 4§ VSYNC 7 \Y
iR B B Topr -40 ~ +105 °C
R REHE Tstg -55 ~ +150 °C
v avinE Tjmax 150 °C

R OMEERVEMERESEY EORMEREREZBA B, SLFEFHRICELAEENHYET. Fz. Ya—+FE—FILBFF—TUE
— & BEREBEZEETEEEA, BABRRKEREZBAD LS UHBE—FHIEESNDGEE, Ea— XA EYBNLERERKEE L TETSIES B

HAEBELLET,
B3 7 (Note 1)
. EEHU(T "
== we (Iyp) B
1 BEARNoed) ‘ 4 B FR(Note 4)
HTSOP-J8ES
Ty iar - FEEEMBER 8aa 206.4 45.2 °C/W
S35 — Ny Hh— N M85 A — 4 (NOTE
2)/)('/7 Yary - Nyr— FEFIDEBEE/NASA—4 Wi 21 13 “C/W
(Note 1)JESD51-2A(Stll-Air) [ZEHRL,
(Note 2)C v oo avhbnybr—2 (E—ILFES) LEPLETOREFENSA—4,
(Note 3)JESD51-3 [ZH#e# L 1= EiRk & 5 5.,
B AR H x4t HiRTiE
12 FR-4 | 114.3mm x 76.2mm x 1.57mmt
1EB (km) #RE
tRE/NE— fREE
ERESURNE—Y
+EMEE I L mEg | (oM
(Note 4)JESD51-7 [Z##L L - EIRE .
—_— ; H—< )L E 7 Note5)
Al T3 S ~
B E E AR H x4t HiRTiE EoF EE
42 FR-4 114.3mm x 76.2mm x 1.6mmt 1.20mm ®0.30mm
1EH (@) #5E 2EB. 3EBH (W@ fhE AEB (Em) thHE
fRE/ 2 —2 tsERE fRsE/ N2 —> tREE fsE/ N —> fhEE
%%5 VRNRE—Y A A
EEE I L RS 70um | 74.2mmO (EEAH) 35um | 74.2mmO (EAH) 70um

(Note 5)ERBET ., £ENIHELERT 5, BEIZS > F/AZ—VITHES,
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e SR EVE & 4 (Ta= -40°C to +105°C)

1EH Eia=3 - RERH BAfir
Min Typ Max

BEREE vce 4.5(Noe) - 42 v
HAOEE VOUT 0.g(Note 7) - VCCNote 8) \%
HAOER IouT - - 35 A
SYNC ¥ A 5 BliR##i fsyne 250 - 500 kHz
AAaVTUY Cin(Note 9) 2.2 - - uF
AVFGRAIR [ (Note 10) 11 - - pH

(Note 6) IC #EE)IZIF 4.65V U EDEENSVETY, —ERILI=%. VCC METLIHZEICIE, 45V ETHERAETT .

(Note 7) /I %)L Ri@(min_on_time) 200nsec(max)IC THIB S FET .

(Note 8) MaxDuty IZT ERAREShET

(Note9) 53y 2aVToHDDCNAT7RAME, BEEEEZEBEDSIABELTLLEEL, PI8 8B ELY,
(Note 10) HABEIZIE LHIRAHY FF, P17 ZSBL 2SN,

www.rohm.co.jp
© 2016 ROHM Co., Ltd. All rights reserved.

TSZ22111 - 15 - 001

5/28

TSZ02201-0252AAP00020-1-1

2022.03.29 Rev.003


http://www.rohm.co.jp/

BD9G401EFJ-M BD9G401UEFJ-M Datasheet

BRNFE BITEEDOALRY Ta= 25°C, VCC= 12V, EN=3V)

o Hi&lE n
IE E EE"? HEE’J\ ’ *ELE ‘ Hsij( iﬁL %ﬁ:

[EIRER]
AR N1 BERER Ist - 0 10 A | Ven=0V
E{ERFEI IR E R lec — 1.2 2.4 mA | Vre= 1.2V
[EEE A HRENERH LB BR]
BERLyIa)LFERE Vv 3.65 4.00 4.35 V | VCC down sweep
ERXTY LRI Vuvhy 50 200 300 mvV
[FiR2R]
FIRBEIRE fosc 270 300 330 kHz
MaxDuty Cycle Dmax 95.0 97.0 99.9 % Vsync= 0V
(T5—7> 7]

. Vrs 0.788 0.800 0.812 V | Ta= +25°C
FBinFRAL v 3L RERE

Vet 0.784 0.800 0.816 V | Ta=-40 ~ 105°C

FB imF A NEiR IFs -1.0 0 +1.0 MA | Ves= 3.0V
FB iw¥ ') — ¥ Bk lleak -1.0 0 +1.0 MA | Vrs= 0V
V7 hRE— FEE tsoft 5.6 8.0 10.4 ms Vsyne= 0V
[H 8]
/N1 Y4 K Nch FET ON RonH - 140 — mQ
1) F % — A Nch FET ON &1 Ront - 10 — Q
BEREHER locp 4 6 — A
[CTL]
iNjﬁ‘"iilg‘E)ﬂl/RFEG ON VENON 0.3 - 1.4
EN ¥ UVLO ALy 3L K VENuY 1.65 1.80 1.95 \Y IC 751 ON &
EN ifnF YV —RXER len 9.0 10.0 11.0 MA | Ven= 3V
[SYNC]
SYNC ##F/ VL AEE High VsyNCH 2.0 - 5.5 \Y
SYNC #iF/SILREE Low VsyneL -0.3 — +0.8 \Y
SYNC imFANER Isyne 6 12 24 MA | Vsync= 3V
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@/ 58 CLK [EHA%AEE
SYNC ##FIZ 250kHz ~ 500kHz ETONE CLKIEEZAAT A LIk Y., BHAEBENTIRETT .
AFCLKESIE LOW LARILA 0.8V LI, HIGH LARJLAY 2.0V LLE, H R & L REIDIEIE 100nsec L ENBETT,
SYNC #FFA~A/SNIWZAD 3EAARIZ SYNCHFOILETHNY Ty DI IXHFDILEAY Ty OARBILET,
H}ER CLK HY STOP L1=i5&. 7usec &IZ IC RSO RIRF[IZL S BEE— FIZTYEB DY ET,

we JIUDHHHULY

Set the latch for

/— synchronization

SYNC_LATCH

LU =AU

Figure 4. BIRBRHAKEZI A ST Fv—+

O R BERGE B SYNC S FOE
FIEtEEZ CHERAINGBLMES. SYNCIHFIZATM TR TILE D ENTE Y I H. GND N EET 52 & RV =
L/i?—l)

SYNC
5

f

GND
)

I

Figure 5. RIAAHEAERfE AKF SYNC i FALIE

O/ & CLK EI#ARFY 7 F X % — FEERE
VI FRE— FERBIXCLK IZCE#AL TWWET ., SYNCIFFIZ & 2N ERMEAMAEZERT 58, VI FRE4— M
RIZLLFORKICTROONET,
:ﬂx8 [msec]
fosc_ex

tsoft

tso: Y 7 b R 2 — B [msec]
fosc_ex:#M &R CLK K EL [kHz]
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HHEMER - &
O BERREINE
FET BERBEZH CBERGRERBRZABELTLET,
BERGENDRL 2 ANEGTREZITS E—EBHELLEZ. BBERLET.
FIEBERIEIUTOLSICHRYET,
- N RIEAEE R L A LGS
4B K%k 300kHz T 13msec &Y ET,

- EERFICHIEAMEEEERT S5
SYNC I FIZHE CLK AAA A SN T UL =HE. 5 FEILERIENE CLK BiE#ICLK Y TREOXTRELET,

-1 x 4000 [msec]
fosc_ex

ocp

Tocp: TV F{= 1L B [msec]
fosc_ex: #M&F CLK JE:EER [kHz]

/ VC voltage discharged

OCP threshold by OCP latch
Ve :
|
I

VC voltage rising by

output connect to GND :
: force the High side FET OFF
1 by detecting OCP current

i
1
11
1l
1
i -
1
: ! (pulse by pulse protection )
LX | HJHHHHIMHMIHHMHJI

r
I
1

| |
tput connect to GND |
“ﬁ/— output connect to |
! |
vouT ! ;
|
ocP |

set the OCP latch by detecting i OCP  latch reset 13 msec

the OCP current 2 times sequencially '/ aftek300kHz 4000 counts)
OCP_LATCH
Figure 6. BERGFREEEFI (I VT Fr— b
@511+ UVLO BE S %

EN imFICEERE Y MERBEZRBLTE Y. ENImFZANBREOERSENICHERT S LI2L Y, AWEB UVLO L
LOEBDREEREEMIEREMNTEETT
FATHHEBIFEED VCCEBBERE (Vsa)& . VCCIFLLEE(Vsiop) L R4, RE ZLLTDELSITBREL TS EEL,

vout O l . % LX O VGe l O vce
1 ,J,_‘:IE GND ssT| [ +— 1
R4
—OEN
l—‘:[[ ve EN b
< RS
% FB sYNG|[ T F———2Z-swNe

Figure 7. UVLO #MIFE&E A&

V..V

R — start stop (9)

CSTEN [2]
VEN xR,

s=o e <
Vv VEN

start
IEN: EN ¥V —R & 10uA(Typ) VEN: EN #i#F UVLO X L ¥ 3L K 1.8V(Typ)
VCC EEET 15V, Ve ZFIEEE 14V [2ERE L =158 . R4=100kQ, R5=13.6kQ &#H Y £,
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HEMmER - &
OHANBEFE 4V UTF7 IV r— 3 v TOHAEEULDEEFREXE

KICETRELBARLXAL—2THSBSTIHFMIS IXIHFEEHRALEANRZK 100pA DERNFEELET,
ZD1=®H. ICEAEIZHZRKT BST EX(Max: 4.V)DHKET LAEEELHY . EHEERFEICE > TIIEANERFULDERE
NRETDAEELSHY £F,

®EE LT, HADREERIC 100pA LLEDEFRDSFEET LS ICEMEZHRTE. £ L <& HAIZ 100pA UL EDERE
FEEHLTLESL,

(&)
BEREEANE UVLO ALY 3L FUTDIHEER. EN IHFEEHNANE REG HAONFHELHH>TWSIEEHE,. ICDR
AYFUOTHENBIELTWDRET, ICHELFIL—20/BELTLS I E

ON/OFF

EN
VCC
10) [ T I I
l TSD H UVLO‘ l REF ‘ ’ REG ‘ ’ CHG ‘ 1 4
1.8V
ENUVLO X
shutdown oop BST MAX4.9V

Current

i Sense AMP

~| B

Oscillator

LX MAX:100uA VOUT

| %OFF
Maxduty GND

H“T}

Logic

Figure 8. SW OFF, FI#B REG A' ON Ef D B fZEE
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HHEMER - &
@®LowDrop Out BifE
INA YA F NchFET OEFBIEETH S BST I FREDT-H. MaxDuty IZ&HAHNEEHIBLAHY F9,
[GLy Duty HAICH BT 1=, EEEMEL MaxDuty E—FD 2 E— F#F->TLET,
EEBEOHETIIERRA A vFUTE8ELLY ETH MaxDuty E— FDIBSIFHRK 8 FHAZE T ON Z#EL=%
700nsec D3| OFF R ##Hb6E T,

FERYTHIALNBERVERICE Y., EfE Duty [FLUTOKS IHHESNET,
VOUT

Don = x100 [%]
VCC-R,,, x IOUT

onH

MaxDuty (& forced off pulse ® Typ:300nsec & ENERELREK fosc[HZ]ICK > TUTO LS ICEHENFET,
Don_max = (1-300nx f,_)x100 [%]

SYNC #iF & A L TLELENMERE K 300kHz DIBE. 91%AEEEED MaxDuty TI,
ZhLlE® ON Duty M E L% > =154, MaxDuty E— FIZHBITLET.

MaxDuty E— F TIZ& K 8 FI#idD 100%O0N DE AN AEEL L >THE Y. ZD % 700nsec D OFF XA FTE
LFET,

MaxDuty E— FIZH T H&K Duty ZLUTFIZRLET,

700nx f,
8

Don_max 2 = (1— x100 [%]

MaxDuty E— FCIX. BRAPR A v F o T2 T0LBWN=HA 5052 ) TLERRUEA) TLEENKELBRYET,
Don_max2 LA E® Duty BN BE L EHAHNEHTIE. HABEENETLET,

@MinDuty
MinDuty I &k 2 ABEFIRLHY £,
MinDuty [Z IC AETRE SN 5 min_on_time 7—X b : (200nsec)lS&k Y. UTFTD LS ITRODONET,

Don_min = (200nx f__)x100 [%]

OEAFHDORRBMIZDOINT
BEREFENE L TL S 10Q(Typ)D NchFET A GND [CERZ5IEHRE, BSTAVTUHEFy—IU9 3EEL LU E
9. NChFET A& %51 =tk < B¥IZ NChFET @ ON & AN B ERIC L 2BENRELET,
ZOBRKXIEIAABE. HABEMNEL . A V5V ENNSNEHETRELLSH.
MA7TIVr—a vEBIZE>TIEBEERD IC DREBHSKRELL L HOAENELSHY FT,
BENBOPROEAETHICTHEECESYD, RATEOERANAKZVERICE., L EOXKZTNA U572 ZFERAL.
YIIWEFRENESLKT B ETHEAEMNZZENTRETT,

—ill VCC 70

L= 15pH
60 \ "
\

NHAE 4| E 50 \ L=22uH
Nch FET

LX VOUT € 10

ym O = ——

hd 30 -
J: 20 \ L= 33uH
FyFr— L= 47uH
)r\i:FET/FH _| 10 U
0
0 200 400 600 800 1000 1200 1400 1600
Output Current [mA]
Figure 9. BERBOERER Figure 10. ¥ ¥ > 3 VEE-BFHEHS

(VCC= 24V, Vout= 12V)
(Rohm EEfliE4R (4 B 40mm x 40mm)I< THITE)
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¥ET—4 BET—4H)
BFICEEEDE LR Y, Ta=25°C, VCC=12V)

1.0 2.0
0.9
0.8 = Temperature= 105°C
< E 15 -
3 °C
= 0.7 3 - -
= 0.6 S _’,...-—""'IQ e
o = eI, o o
s 05 3 1.0 _...;--""'E"-
o = st
204 3
° =
503 ° -40PC
n 2 05
c
0.2 VCC= 12,24, 42V -
0.1
0.0 — | 0.0 =
-60-40-20 O 20 40 60 80 100120 0 5 10 15 20 25 30 35 40 45
Temperature ['C] VCCI[V]
Figure 11. X4 w/\f &R vs BE Figure 12. Ei{EBFEIREIR vs ANEE(Vre= 1.2V)
2.0 5.0
4.8
< 4.6
E1l5 > reset yoltage
g =44
% e 54.2 7
= /” °
3 1.0 % 4.0
= 2
=] =
o = 3.8
5 q \
- S 3.6 detectvoltage
205 )
£ 3.4
3.2
0.0 3.0
-60 -40 -20 0 20 40 60 80 100120 -60 -40-20 0 20 40 60 80 100120
Temperature ['C] Temperature ['C]
Figure 13. ENERFEIRREIR vs RE(Vre= 1.2V) Figure 14. UVLO AL v > 3L F vs BE
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B"HET—4 BFT—45) - &E

350 100
340
330 98
~ 320 —_
e g
= 310 s 96
L a
> 300
S 290 % 94
(]
L 280 =
270 92
260
250 90
-60 -40 -20 0 20 40 60 80 100120 -60 -40 -20 0 20 40 60 80 100120
Temperature ['C] Temperature ['C]
Figure 15. RiREKH vs BE Figure 16. MaxDuty vs B
0.810 0.810
0.808 0.808
0.806 0.806
> 0.804 > 0.804
£0.802 . £0.802
o P i)
2 0.800 /’ 2 0.800
3 " ]
= 0.798 ” = 0.
= 7 = 0.798
£ 0.796 T 0.796
0.794 0.794
0.792 0.792
0.790 0.790
-60-40-20 0 20 40 60 80 100120 0O 5 10 15 20 25 30 35 40 45
Temperature ['C] VCC[V]
Figure 17.FB AL v > 3 )L FEE vs BE Figure 18. FB ALy ¥ 3L FEE vs AHNEE
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B"HET—4 BFT—45) - &E

16

SoftStart Time tgo1; [MSec]
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