ROHM Datasheet

SEMICONDUCTOR

4ch ALY PRFANAE AEEE - 5 EE
BEfRARE LED F3AN

BD81A24MUF-M
= BEERY
BD81A24MUF-M (4 35 V &MEOHEE LED RSANTI, TE m FEANEEEH . 45V ~35V
BRI 4ch % 1chip ICNBIL. &A 120 mA/ch HAJEET m 17 LED ERMEIEE . +3.0 %@50 mA
HD. EHEE LED BFENCRETI . RBFEEIL> ME—RIOHIEG m DC/DC FIREIREN . 200 kHz ~ 2200 kHz
Uz DC/DC I\ =5Z2Wj 3 3 LT, BIREBEZEF LT n EERE : -40 °C ~ +125 °C
TBEUEBMEZEERRUTVET ., PWM A BICL B A HIH m LED &RAHHER : 120 mA/ch
(10,000:1@100 Hz)H'E]JEET T, B LED BXNE . 10,000:1@100 Hz
BE m PWM s/VCLALE : 1.0 ps
- \ \\*1 an
= AEC-Q100 ZEE — e A b W (Typ) x D (Typ) x H (Max)
® LED EREAARA KT/ 4ch PYRL VQFN28FV5050 5.0 mm x 5.0 mm x 1.0 mm
m FEEHLOME—-RDC/DC IVN-4
B DC/DC IVN\-5RIREIKREL SMEBEHARTEE
B {REHEENE(UVLO, OVP, TSD, OCP, SCP)
B LED EFEIREIRHHEEENE(Open/Short)
B VOUT 71 AFv—HEBENE
(RPFEERRLIERE)
*1 Grade 1
A& VQFN28FV5050
m B8 CID(Center Information Display)/{=)L BD81A24MUF-M
B SES-I3>
B 329 %I
m HUD(Head Up Display)
B ZOMEEES/NE LCD /(R
BEAR7Vr—->3> bR
w::ill,::w;]f! ‘ /'ICREG .
f 7 VREG lvn[sr J cour
VCC% n
i Buck-Boost Application o
o o
SYNC N o N
RT o P
P
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" o e
CI‘CJ; N
GND

SHDETEN |, LEDENI_J:_ - LEDENZ

O&MmiIBIE : SVIDZEMBIELHEAERBEIRE OMMEHRIRETHEILTHENEEA
OARBR(EKERFT No.7,235,954, No.7,541,785, No.7,944,189 [c&VREENTLET,
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LEDEN1 [1] [=] comp
LEDEN2 [3] :""""""': =] ss
LED1 3] i : =] vee
LED2 [4] i i [ cs
LED3 [5] | ! &l en
! EXP-PAD :
LED4 6] b o] ] L] vreG
ovp |7] [ sooT
[5] [o] [ol [o] [oe] [l Tl
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¥ S8R
Pin No. I F B 8
1 LEDEN1 LED AR FAR—TIimT 1
2 LEDENZ2 LED HAOimFAR—JIiHF 2
3 LED1 LED BhimF 1
4 LED2 LED HhiHF 2
5 LED3 LED Hhi%mF 3
6 LED4 LED K himF 4
7 OVP BEERHHF
8 ISET LED WO ERREIRT
9 PGND LED 77 GND lim¥
10 OUTL O—YA4 R FET RLA>imF
11 DGND DCDC {77 GND ¥sF
12 VDISC H B RERF
13 SW J\ YA R FET Y-RinF
14 OUTH J\{HA R FET ¥'— Nis ¥
15 BOOT J\AYARFET RSN\ EFEIHF
16 VREG NEFEEE
17 EN )
18 CS DC/DC AN &R Ain T
19 VCC ANEBRIHF
20 SS YJ hR5— R CAPA $#it
21 COMP ERR AMP 113
22 RT FIREREGERE AR UER
23 SYNC S EBEIERMES A HDinF
24 SHDETEN >3- MEHAR—TIES
25 GND /IMESEB GND imF
26 PWM PWM SEAES ANiHF
27 FAIL1 EERKHHmF
28 FAIL2 LED A-T>. a— M HES
- EXP-PAD EmORELY PAD (GND (J3E#EL TUZELY)
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Joy/E
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Timer
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DRV
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yi.gWM J ¢
SYNC D | ["sLope + ™ OUTL
0sC VREG
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OCP OVP LED1
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PWM
> J I
D B PGND
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O— Open Det
Timer —| Short Det |
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&0y E{FEHeA
FHCETHABIBA STHAB Typ BEBDET,

1. E#EF(VREG)
VREG JOY/(4. EN = High B 5 V 248U VREG IfF(CHULFE Y. VREG BEIASPLEIIROERCL TFERENED, F2 IC
HTEANIRF% High BECEIEIZIRICHFERTIEETT . A IC UINMOEBEMIGETEEFRA. VREG [CIF UVLO HREEN
THEH, VCC K1 4.0 VL END VREG 1 3.5 V U ETRIEENEMELIGS. VCC A 3.5 V IT&ZE VREG 1 2.0 V A TF(CRSE
EIEUET . BRBREAF MR DOWVTIE Table 2 ZZE A&V, VREG IHFICIAMBHERSELLTESZYY - 00570
Cvrec = 1.0 uF ~ 4.7 uF OIFEFZHFEVLET, HEERME(L 2.2 YF TY, Cvrec MEFRSNTUVRWES . BIRREOREZEENE
[CRDFETOTTFRLZEL,

2. ALDRRSAN
Table 1. LED wlitlzmIE

LEDEN1 LEDEN2 LED1 LED2 LED3 LED4
Low Low ON ON ON ON
High Low ON ON ON OFF
Low High ON ON OFF OFF
High High ON OFF OFF OFF

EARUBVWESBRRSMNHANHZEE, LED inF(FA—T>(CU. LEDEN1, LEDEN2 i FASCTEALRAL ch ZATUTIEC
LOBRAVNLET . HIBER(S Table 1 DBOTY, ALBVWEER RS/t 7% LEDEN1, LEDEN2 i F CAIBRFICA-T>
[CUIBE. AT ARENEMELTUEV\ET . LEDEN1. LEDEN2 il (& IC REBTIINATILTHD A-TARRET(E Low &7320D
F9, &z, LEDEN1, LEDEN2 #%F% VREG (L. High (GRIEEEISIENBIEETY, LEDENL, LEDEN2 i FDimiE%z
EMERICUINBEZZLIFTEZEA,

(1) BAERDKESECDVWT(RIseT)

120
110 \
100 \\
90
80
70
60
50
40
30
20 : : : : : : e

40 60 80 100 120 140 160 180 200 220 240

I ep [MA]

Riser [kQ]

Figure 1. Iep vs RISET
HAIER Liep [FRLELOKRDDENTTRETT

Iigp = 5000/R;spr  [A]

RiseT IEDEMEEGH (L 41 kQ ~ 250 kQ T, e\ Riser IBZEMERICHINEZBLETEF AL A IC (CIE ISET i F&
GND N2 a—hUlEiZEIC LED RFEEERNSRET IHDMEEE (ISET-GND 33— M%&) MAEINTVET,
RiseT BN 4.7 kQ LU TF(CRBES3—MARELHIRTL LED &%z OFF LEY,
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2. BLYBPRSAN - wE

<LED &R EMBIASVGEDFER>
PWM RY¢EE. PWM = Low Tld LED ERNMNT LED i FEE (Viep)dE<RD. PWM = High TlE Viep (& 1 V (CHIfEHEN
9. LED EREEMPLH NI T OB EREIMIIEPRDIETECLHTIE PWM OII5_ENDEFIC Viep 7245 -21-8 32
ENBDFET , $FHCERT LED BRNMAZVBEICTIY -2 1— RENIARERDES, 207> —>1—MIEoT Figure 2(a)D&3(C
BRRIAIC LED BARME T 92En®mDET . Figure 2(b)(CT7>F—>1— NBEERTERIRER LED EFRZRUET .
ToH—21—Ml&oT LED ERIBEMMNICIETUTS LED OB5DFCRIBVCEEHNFT , T RAETOFHIEEITo TS,

RENRERR TOTHERZSFEVELFT .

120

PWM

Vieo \l,—\,‘ LED#F Fl#HIE E

—+-AVdrop = 25 mV
--AVdrop = 50 mv
-s-AVdrop = 100 mV

ILieo [mA]

w
o

AVdropldLED% 7 JfH=EBIT (Min 0.9 V) LT 270921 - MaxRLET.

/’5‘ Ya—+h
Avd
ILep (@veton -10 o] 20 35 50 65 80 95 110 125
Ta [°C]

(a) PWM FAXBED Viep. Lep DHIZTFr—bh (b) BEERE(Ta) vs XEAIEER LED &R (Iep)

Figure 2. Vigp i FO7>49 - 1—had LED iR ORFR

(2) PWM FF(CDOWVT

500 ns/Div : 1 ms/Div
PWM | PWM
(2 VIDiv) ‘ (2 VIDiv)
[ e —————— L (7P —_—
ILep
=) (50 mA/Div)
(50 mA/Div)
¥ B
(@) PWM = 150 Hz, Duty = 0.02 %H¥ I ep iR2H2 (b) PWM = 150 Hz. Duty = 50.0 %HF I ep iKiHZ

Figure 3. PWM FASERFOENEREHZ

BIRRIA/\D ON/OFF 7 PWM iimF THIFILEI . PWM iimFd Duty LtEh' Iiep @ Duty LbERBDET . PWM SN ZLBVNGES
(100 %)(F PWM #iF7% High BEIEL TIRCESHEFEVLET . 100 %DBsH'EREEAS<RDET .
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#IOVIEESHEA — RE

3. HE DC/DCIV/N-4
(1) LED BEFI#IOWVT
ABEFET(E LED ONY—REFE(LEDL ~ LED4 liFERE)ZIREL, 1.0 V (TRR3L5(C DC/DC 2N\ -4 & FE(VOUT)
ZHEIEILET . 8380 LED HA%ZEMESETLSESE, LED O Vf "REEWVFI0 LED inFth 0% 1.0 V &3 L3(CHIEILE
9, LIehDTHBO LED HA(E VF (F5DEDRIFRVEFELRDFT ., VF (5D (PRI LOREREZBFEVLET,

B x V;(d5D& < LEDZ3—MRIEEBE(Min) — LEDHIHIEE (Max)

(2) BEERE OVP (OVT
OVP B FICFH HEE (VOUT) IR EEAHUET ., OVP B FEEN 2.0 V LA ZEBETRENEEL, DC/DC

AAYF>)% OFF LEY . OVP DERTEME(E LED DEFIEE VF (F5DECLDRFEL TKIZEV. OVP EhfE#, OVP i FEEN
1.94 V FTET I 3L OVP (FFEFFENET .

VOUT = {(Rovp1 t+ Rovpz) / Rovp1} X 2.0

VOoUT : HHEE
Rovp1 : GND il OVP iy
Rovp, : BIBER OVP &1

TBBERENMNOFT . HIZE Rover = 22 kQ. Rovrz = 330 kQ DiFE. VOUT A 32 V BLET OVP ihhDFET,

(3) FBEHE DC/DC IN—HDOFHREEER fosc [CDWT

1000 - \\
o
T
=
Q
9
100 S
1 10 100
Rer [kQ]

Figure 4, fosc VS Rrt

RT i FIRI 2B T BEICLD, RIRERERZRTE I HIENBIRET T o Rrr (CLDT IC AR T HICH S 2T IMEBER
REL. CNICEDEIREBNZELET . ERROT—FETROERINESE(C, Ry DIERFTZERTEL TSN,

fosc = (81x10°/Rgr) Xa  [kHz]

81 x 10° FEIFEABP TREDEL. aFMEMREELRDFT .,
(RT: a = 41kQ: 1.01, 27kQ: 1.00,18kQ: 0.98, 10 kQ: 0.96,3.9kQ: 0.91, 3.6kQ: 0.9)
HERSEENOREDSS . BMEORIIN CEFRADTIERLZE,
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3. HBFEDC/DCIAVN-4F — fHiiE

(4) SMEBREEABIRERICOVT
SYNC i F(CIOYMESZ AN T H2ET. NEPRIREIRE 2RSS IEN TEFT,
DC/DC ZAyF > T EER(CHMEBRIEANS IEBFEIRICEIDE X BV TLIZEW, SYNC I FICANENRIOVIEIIE LN IS0
HBERNEBOITVET, FMEBAEIRELSE RT S FHEHT TR EUAERRIREIRE£20 %A TADUL TN,

(5) YIRRH—KSSIDONT
SS Ui F(CEE(Css ) ZH2H1 I BTLICLO T, EBFOEBIRICH PRZMIBHSAEONCH D EBEZIIS EIFBIENTEXT, INIC
&0 BHBEBEDA-/N—->1—MZEABRECIENTEET, SS #AEZEARURVMESE. SS inFEA-TUCLTLIZE,
SS B OBEHICOVTE, YT RY— MR DR TEZSIRUTZE 0,
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3. HBFEDC/DCIAVN-4F — fHiiE

(6) Max Duty [CDWT
DC/DC Z1wF>4Jh Max Duty (CRIETZLFIEED VOUT BENME A TERGRD, LED HAERDK T RitiRREORE
([C&B LED SEITHMECRAIEEMENSHDFET . Max Duty (CELEURVEIRANZEM. BRIEAHCTITHERAVEE(ESBREVLE
3_0

(7) BFERFD DC/DC A1yF>JHHH(LSDET)(CDWNT
LED1 ~ LED4 i FDS5&EEVEE(DC/DC IMEERE)N 1.24 V 2i#82%¢ DC/DC IXN-IDZA(vF>)% OFF L.
COMP BE(R1vF>Y Duty)%{#459% LSDET HEENEMELET . COMREE. LED AT K¢ VOUT BEMBFIEC
BOIBR(C, TREC VOUT EEZIE T REULAIYF>YJ Duty 27792322 BHIELTVET . LUFIC. LED4 A OPEN
(ST B DEMESZSEEHUE T .

(8) PWM JULRE DC/DC RAYF T BIEICDNT
PWM JULZADIITFO#E. DC/DC DRAAYF I EME%R 12 JULZAE AL, D% PWM = Low ORflE DC/DC Z(vF> 4% OFF
LEY. BE PWM = High (L3¢ DC/DC Z1wF>4% ON LE 9, hIZLD. PWM JULZIBHEEVS S TN BRI
U. BEUR LED BREH NI RENTEET .

PWM

A s—T 7S

LU JUPUL

VOUT“\/(T—N/
VOUTRH ; :

OUTL

RELILEDERZHA

ILED
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#IOVIEBESHE - ®E

4. {REEHEEE

Table 2. BARFEHAEDIRHEFLARHIFENIFICONT

SHDETEN | o

‘ EN=Low or UVLO

A

Counter I

\ Counter ’_/'—-

C

] g
REERE RS ENE
[#&iH] [fRER]
VCC = 4.0V HD VREG S o£T0Ov)%
UVLO VCC < 3.5 VEULIE Vyreg < 2.0V N )
Vvreg = 3.5V Sy IS
VREG s 0v9%
TSD Ta >175°C Ta < 150 °C R N
Sy
OVP Vowe = 2.0V Vow < 1.94V DC/DC Z1AvF>4 OFF
OCP Ves < VCC-0.2 V Ves > VCC-0.2 V DC/DC Z1/wF>4 OFF
V < 0.57 VFl&
ovP e EN Uty SEERS R E
LED1 ~ LED4 oWL\gNHH 0.3 VLT )
SCP " or VREG LSto2Tnvs%
100 ms BEFEfR@E%. =t _
UVLO Utyb vF OFF
(fosc = 300 kHz H%)
. N EN Utyb
LED A — TR E LED1 ~ LED4 oWL\gNHH 0.3 VLT o REFORILDOH
—J 1ReE r
MV >2.0V LED E#5vF OFF
P2 Vove UVLO Utzwh ey
LED1 ~ LED4 oWL\gNHh 4.5 VLA E EN Uty b EERSRERER
LED 23— MR:E& 100 ms BFRIfRIELE. 1R or MEFvORIDH
(fosc = 300 kHz B%) UVLO Utzwh LED E#SyF OFF
FAIL1 Z| FAILS Kj
OPEN | N
SHORT ~

REISTHNER TOvIR

FAIL1 (X OVP. OCP DLSNHHEMELIZEE. FAIL2 (& LED OA—-T> /> 3— MEEELL(E SCP OWITNHDEIELIZEF(C Low
HHERDFET, FAILL. FAIL2 i Fh 5D A(E. EN DIZ5_ERDELLIE UVLO OFEBRICEH>TUEY haN. HighJRBEICRDE T,
Ffz. EN = Low B, UVLO MBS ERTEIRAEEBDF T, FAIL S5 FICLBTSH B NRERSNRVESIE FAIL i FEA—T>
BLLIE GND (CHEHL TIECEIBBAVLE S . FAIL I F(C L2 T35 MR ERT 31553, FAILL, FAIL2 ifT% VREG IfFIC
TWTPvTITBEnERLET, SV PyTIEIEL 100 kQ #HERUET,
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4. fR:

i

HEE — RE

(1) AREEREMEFLLEREIEE(UVLO)
VCC ' 3.5 V BUF&EN(d VREG 1 2.0 V LU T (CRZEARBERENMER LEBIER(UVLO)HMEIE. DC/DC IVN—FENL Y MRS
1)\HEB(C OFF LET, VCC H4.0 V BAEND VREG B 3.5 V BLEICRRSE UVLO HYEBRENE S,

(2) HEHFEEE(TSD)
FyFREN 175 °C LUECRBEHEIEIIE(TSD)AEIZ, DC/DC 12X~ FEHL Y RRSA/H OFF LET, FyTREN
150 °C ATFICRBLERUETD.

(3) BEEREEIZ(OVP)
DC/DC i HEFE%Z OVP I FEECLDIRIEL. OVP InFEEM 2.0 V BLEICRZLBEERZ(OVP)INMNDET, BEE
RENDNBE DC/DC Z19F>J% OFF LET, OVP IR FEBEN 1.94 V UT(CRBLBEERENSEIFL. DC/DC 21y
FINBERLED.

(4) BERRELIZ(OCP)
IMIICHENZERZ)\A P4 MR EIEFUCIDEEARB U, CS IHmFEEN VCC-0.2 V A TFICRBEEETRIFE(OCP)H O
DF Y. BERIRENNNBE DC/DC AA(vF > % OFF LE Y,
CS I FEBEN VCC-0.2 V LNASKRZEIBETFRENSE)FL. DC/DC ZMvF I HBRULET.

(5) HbFBIRFZDEE(SCP)
ECEIIF, SS I FEBEN 3.3 V IICEIET L. MIBRIRERIIR(SCP)NEMET DIRRRICIANE T, LED1 ~ LED4 imFOLINH
70.3 VEITFEW(E OVP i FEBEN 0.57 V UTFICBBE. AEENTOWSHD AEMENFRIGENE T hD>ADI0vIERK
#d RT TREZNS fosc AIREEERD, 32770 HI>hT DC/DC IN-FEAL Y MRIAINHISYF OFF LET, fosc = 300
kHz ®¥%Z&. 100 ms #&IC SCP i*I0DET . I FEIEFRIC LED1 ~ LED4 i FOIATH 0.3 V B EBLLIE OVP iiiHF
BEN 1.0 VUL ECRBENTIAFIzY RSN, SCP (Fhh0FEA.

(6) LED A—T{REREE
LED1 ~ LED4 i FEBEOVNITNHN 0.3 V LITFHD OVP IHFEBEN 2.0 VU LEDESE, LED A-TURENDNMD, A—-T>
1oz LED BIO#HS5vF OFF LET,

(7) LED >3—MREMO

LED FEBEN 4.5 V B EERZEARBENTVIHIFEIMVENRIAZNE T . hD>ADIOYIEIEEIE RT TRESNS fosc
BIRERERD, 32770 19> hTZ3— K LED FIO#HAL > hRSA/)\%SYF OFF LET . fosc = 300 kHz DIBA. 100 ms #&I(C
>3- MRENMBIZET,

PWM FRYEREE PWM = High KD LED 23— MREEZITVET . NI AYEMERIC LED S3— hMREGNERIRENZEHD>
AdUtyhen., BEEMEIRREICRDF T . LED >3- MettaezEALRVE S, EIRIIC SHDETEN i#F% VREG (IS
WTPYTFBIETIa— MEHEEER OFF 93¢0 TEEY, LED 33— MR #EE2 I 3185 (E SHDETEN % GND >3-k
[CUTKIZ2 W, BEEMERIC SHDETEN I FOimIEZIDEX 2L I TEEH A

(8) PWM Low Xfi&HEEE
EN = High {AXBET PWM AN Low XEZNTI>RNUET . hI>ADIOYvIELREEE Rer TiRES fosc BIREIERD, 32768
HI>RT VREG DS OEIMER(SIELET . fosc = 300 kHz DIBE. 100 ms &(C PWM Low Xk ERDET,
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4. {REEMEEE - M

(9) HAOBEMRBEIFE(VOUT T1AFv— ke
VOUT (CERINER O TUVRIRAE THLBILIIZE . LED 055 DN RAT ZuIEEMENDDFET . 2DIth. #LEIFFIC(E VOUT DOIRE
WREERDFIH, OVP SERIEIRE DN EBIRIRIZ CLERIDOM BN 2IEEN DD s, AHIETIHH BT
EBEIRE(VOUT T(AFr—SHEE) ZERITTVET, VOUT TRFv—SHkaeld. REE -BE7Vr—2a  CERTEETT.. 7
BRE-BE7TVT—23> 08451309 VOUT & VDISC ifFaIERHL TEEW, VDISC ifF% VOUT (LIEHi932ET.
DC/DC [@l#& OFF BF (EN 3z T (B RER)(CH N DIXBERZMELE T . IERR toisc (FUTORTRENET,

_ 3XVOUTXCoyr
tpisc = ———— [s]

4XIprsc
tpisc  + DC/DC AVIN—4H h e
Cour :VOUT B8
vouT :DC/DCI>N-4AHXhEX

Ipisc  : TAAFv—SEBR

TOI57LD, ZERO VOUT BED 25 %EHIBTD Ipisc B2 KD T ETICHRALTIZEN, HIX(E VOUT = 20 V TIfE
BDIBE(E. VOUT = 5 V BD Insc fB(# 76 mA)E ERIARAUTTAAFr— B RIRETEL TS,

LED 0550 %NZ 316, BieBIbF EN = Low DRI torsc MA_EFEIRL TUEIKEIBFEVLET .

CTTRDE torsc (FBEZBETINT., IR TOTHEREBFEVLET .

0.12
0.10 ///,
0.08
z /
- 0.06
7]
Y
0.04 /
0.02
0.00
0 5 10 15 20 25 30 35 40
VOUT [V]
Figure 5. Ipisc vs VOUT
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HEHRATEH (Ta = 25 °C)

E B Hw=1 EAE BAfi]
BIRET VCC 40 \%
BOOT, OUTH IHF&EXE Veoor, VouTH 45 \%
SW, CS, OUTL imFEE Vsw, Ves, Voutt 40 \%
BOOT-SW i FREIEE VBooT-sw 7 \
LED1 ~ LED4, VDISC HAOEE VLEDN (n = 1 to 4), VvDISC 40 \
PWM, SYNC, EN ImFEE Vewm, Vsyne, VEN -0.3 ~ +7 Vv
VREG, (3:/P, FAIL1, FAIL2, Vvreg, Vovp, VraiL1, VraiL2, 0.3 ~ 47 < VCC v
SS, RT imFE&EE Vss, VRt
LEDEN1, LEDENZ;_,ISET, Viepen1, Viepben2, Viser 0.3 ~ +7 < Vures v
COMP, SHDETEN mF&EE Vcomp, VSHDETEN
EEEAEPRE Tjmax 150 °C
RIFEREEH Tstg -55 ~ +150 °C
LED HORAE Iiep 120™ mA

ER L EERUESWERESEREOENRAERCBIIBEE. HIEELIMBICEITTEENDDET, F2. 23— M- REKEA-T>E-RRE, BIRIREZIRET
EFBA B BRARERREBIBLIBFARE- RIBESNIHE. L1-XREVMIBN BT 2 EREHL TVLITBLITRFABAOLET .

R 2

93, IABIEEEZ ARSI D, MERZEATILE. EERESEINREEZBABRVLSBIRTICTREIIEV,
*1 1ch HEDOBRETY . FESREHE (T)ORAEZBIBVEIR LED B EZSMILEY.

| REEAIPREEZB2LORTHAZENET L, FyTBE FRICKD, IC AROMBEZBILEERLORIMNET . REHESIPREZBHBAEERY 1 2 &

EEH
_ HARHL(Typ) o
]S o= " "
5 immikT | ammme | U
VQFN28FV5050
Sy 33 —EERE BEMETT 03a 128.50 31.50 °C/W
Sv>230—) N -3 RO RIEYS ) (SX—4 "2 Wyr 12 9 °C/W
SAIEER EiRit BER~TE
1/8 FR-4 | 114.3 mm x 76.2 mm x 1.57 mmt
1/EE (&m) A
SREIT—> REE
RESORINI-> 20 um
+ BT U H
H-—IIET™
SAITE <13 ;
IEEAR Eifurt BERTE PoF R
478 FR-4 | 114.3 mm x 76.2 mm x 1.6 mmt 1.20 mm ®0.30 mm
1/EB (Xm) B 2[EH. 318 (WE) H%E 428 (Zm) A
SRTEINI—> FEE EREINI—> EE EREINT—> HEE
ES SMIVICED, . .
AR LA 70 um | 74.2 mmO (EESF) 35 um 74.2 mmO (IESH) 70 um

*1 JESD51-2A(Still-Air)(C#EH#L,

*2 Sv202avhs /e =2 (E-VRERS) EEAROFETOREFIEINTA-S,

*3 JESD51-3 (CEEHMU e B AR (.
*4 JESD51-5,7 (CHEHMU e B ARz (.

*5 BiELT . 2EORELERRT D, BB RIS,
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HERENERMTF
B H LS ==U -3 BA ==tiv
EREE VCC 4.5 12 35 v
EERE Topr -40 +25 +125 °C
DC/DC FiRERER fosc 200 300 2200 kHz

e %D K 200 BLL(E 2200 BLL(&
5] H| =3 Hhy*¥2 *¥3 g

91‘|:|BE],\E}—_| &";zi fSYNC fOSCX 0.8 0)'%(/\7.3_ 300 fOSCX 1.2 0){&“7.3_ kHz
S4EBEIEA/ VLA Duty Dsvyne 40 50 60 %

*1 VCC IRFERDEEAIELET . BRI >N IE—F>ACLZEBE ROVATERIZZE 0,
*2 SNEBREIHARLREEFIBURVEEE, SYNC SF(EA—TF>F(E GND (T3EHEL TR,
*3 S EBEIEAE R E(E R 9 AR, R THEFRIREIREUCTIDE X 2R EDEMEFATNRNTLIZE,

EESRM (SM O EREER)

' B E] B/ RAE =P B
VREG B= CvreG 1.0 2.2 4.7 MF
LED EBitsgEiRiL Riser 41 100 250 kQ
FEIRER AT N 3.6 27 41 kQ
YIRS —-  NEEHRTE Css 0.047 0.1 0.47 uF
www.rohm.co.jp i TSZ02201-0T3TO0C600090-1-1
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AthH R B (FEEE
A DHEEEMFEEFI(VCC vs VOUT)ZUFITRULES . FEeY 5T ANBE(VCCO)ICH I BHAEBE(VOUT) DHEEENFEEHZ
RUTVET, IE, FiLT —9E30-LFHBEARICEIDEET -5 THD, REOEMREEET -y MWEOBRIC (G IBMWFRESRD LT
JREFIHROFAVERLE T,

vee V] VEe [v]
35 85 feemmmmeeee e
21 SR PRI
s -
a5 |- 45| e
! %35 out Vi 15 235 your v
@ fosc = 300 kHz, I = 360 mA @ fosc = 300 kHz, 1 = 200 mA
ﬁEm LECn LEDn
vee [vl vee [Vl 4
35 L
i HEXE shFESER
10 femmmmnmpommmmeeceeeaas
45 |- F T .
8 3235 o7 v) 12 323 \our v
@ fosc = 2200 kHz, I, e, = 360 mA @ fosc = 2200 kHz, I, = 200 mA
wvoe [v] vee [v]
T T —
el HE 0 P
5 F ———————mp——
4.‘5 3235 \.fc:u'r vl 1I2 slz 35 :ouT %
SIEERG ® fosc = 300 kHz, I gp, = 360 mA ® fosc = 300 kHz, I e, = 200 mA
VCC [V] VeS V]
a5 35
22
14
6 ----1:--------------------------ai--- 45
45 3z 35 \-’OLUT | 45 3235 you V]
@ fosc = 2200 kHz, I g5, = 360 mA ® fosc = 2200 kHz, I,gp, = 200 mA
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ESIISFE HTIEEORVED VCC = 12V, Ta = -40 °C ~ 4125 °C)

B’ B8 o] &/ i BA BAfi] %
EN = High, SYNC = High,
[OFRETR Icc - - 10 mA | RT = OPEN, PWM = Low,
ISET = OPEN, CIN = 10 uF
AV IN1ER Ist - - 10 HA EN = Low, VDISC = OPEN
[VREG]
BT Viees 4.5 5.0 55 | V| Iwec=-5mA, Cyrec = 2.2 hF
[OUTH]
OUTH _E48 ON #&#1 RoNHH 1.5 3.5 7.0 Q Iouth = -10 MA
OUTH Tl ON 3Kt RonHL 0.8 2.5 5.5 Q IoutH = 10 mA
OCP #&HEFE Voumrr | VCC-0.22 | VCC-0.20 | VCC-0.18 \%
[OUTL]
0.44 0.80 1.15 Q IT‘;”TZL :2'5122”A
OUTL ON i&#1 RonL Tour. = 10 mA
0.20 0.80 2.10 Qe 105 o
[Sw]
SW ON if# Ron_sw 4.0 10.0 250 | Q |Isw=10mA
[ERRAMP]
LED #HlIfHEE Viep 0.9 1.0 1.1 V
COMP >>V&Ejfi Icompsink 35 80 145 MA Vieon = 2V(n =110 4),
Vcomp = 1V
COMP Y~ 85 Icompsouce | -145 -80 35 pa | Vien =05 Vi(n=1to4),
Vcowp = 1V
[FRixEz]
FIREREE 1 fosc1 285 300 315 kHz | Rrr = 27 kQ
RIRERER 2 fosc2 1800 2000 2200 kHz | Rrr = 3.9 kQ
[OVP]
OVP *ﬁﬂj%& Vovpt 1.9 2.0 2.1 \Y Vovp: Sweep up
OVP tZa‘-U*)X'FE VovpHys1 0.02 0.06 0.10 V Vovp: Sweep down
www.rohm.co.jp ] TSZ02201-0T3TO0C600090-1-1
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ESNFE — &EF USTIEEDRVED VCC = 12V, Ta = -40 °C ~ +125 °C)

E B EEEE TSR A £
[UVLO]
UVLO R EE Vuvio 3.2 3.5 3.8 \% VCC: Sweep down
UVLO EXFSRIE Vunys 0.25 0.50 0.75 \% VCC: Sweep up, Vyreg > 3.5V
[LED H75B]
Iiep = 50 mA, Ta = 25 °C
-3 - +3 % Aliepr = (ILeon/Iepn_ave-1)x 100
(n=1to4)
LED ERMEM(ESDE Iiept Iiep = 50 MA,
Ta =-40°C ~ +125 °C
5 - +5 | o
° Aliepr = (Iteon/Itepn_ave-1)x 100
(n=1to4)
Iiep = 50 mA, Ta = 25 °C
-3 - +3 % Aligpy = (ILEDn/SO mA—l) x 100
(n=1to4)
LED ERfExt(E50E Iiep2 Itep = 50 MA,
Ta =-40°C ~ +125 °C
- - o)
> 3 % | Alieps = (Ieon/50 mA-1) x 100
(n=1to4)
ISET &£ Viser 0.9 1.0 1.1 \% Riser = 100 kQ
SEALLES [\ )P = ) _ fpwm = 100 Hz ~ 20 kHz,
PWM RYEE/INVCLRNE tmin 1 us Lo = 20 MA ~ 100 mA
PWM JEiRER frwm 0.1 - 20 kHz
[fRFEEITESER]
LED A— T ARG Vo | 02 | 03 | 04 | V \S’;fzep(gojvi to 4)
LED Sa—M&HEE Vsiorr | 42 | 45 | 4.8 Vv \5/5522{)(3; 1to4)
LED >3—M&H _
SvF OFF JZIEESRS tsHorT 70 100 130 ms Rrr = 27 kQ
SCP SwF OFF JEZERFR tscp 70 100 130 ms Rrr = 27 kQ
PWM SwF OFF iEZERFRE trwm 70 100 130 ms Rrr = 27 kQ
ISET-GND >3— &
43— ,9\/1/ MZ IsetprOT - - 4.7 kQ
LSDET #&HHEE VispeT - 1.24 - \
[OYYIAREE]
. EN, SYNC, PWM, SHDETEN,
AJ1 High &/ VINH 2.1 - VVREG \ LEDEN1. LEDEN2
A% Low e oD | - | os | v ENSWC P SioETEn
Vin = 5V (EN, SYNC, SHDETEN
[=5hv =y ’ ’ 12
ABER I 15 50 100 HA PWM, LEDEN1, LEDEN2)
[FAIL A (A=Y RL1>)]
FAIL Low EB/F | Voo | - [ 01 02| V [Imu=01mA
www.rohm.co.jp ) TSZ02201-0T3T0C600090-1-1
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WiET—-4
(BET-9 RIIEEDRVED Ta = -40 °C ~ +125 °C)

{0 5.5

T 8 I ' [ E 5.0
E g
£
26 < , =

» Q 4.5
2 £
é 4 =

5 8 40

2 5

O 2 &
Q
4

3.5

0 -40 0 40 80 120
5 15 25 35
Supply Voltage: VCC[V] Temperature : Ta [°C]
Figure 6. Circuit Current vs Power Supply Voltage Figure 7. Reference Voltage vs Temperature

(VCC =45V ~ 35V, Veny = 3.3V, (VCC =12V ~35V,Ven =3.3V, Vpwm = 5V)
Vepwm = 0V, Ta = +25 °C)

400 3000
N ~
T I
= =
g 350 g8 2500
e L
— ~
) & I
& 300 $ 2000 3
3 =
o o
] [0
s I
g c
2 250 2 1500
= T
g 3
wn (2]
@] (@]

200 1000

-40 0 40 80 120 -40 0 40 80 120

Temperature : Ta [°C]

Temperature : Ta [°C]

Figure 8. Oscillation Frequency 1 vs Temperature
(@300 kHz, VCC = 12V, Ven = 3.3 V, Rer = 27 kQ)

Figure 9. Oscillation Frequency 2 vs Temperature
(@2000 kHz, VCC = 12V, Ven = 3.3V,

Rer = 3.9 kQ)
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BET-5 - HE
(BE7-4 BTIEEOBVED Ta = -40 °C ~ +125 °C)

60 —~ 60
- = L
8 8
Z 50 S 50
1] I
E 40 S 40
T <
< 30 E 30
B c
ol g
= 50 | — 20
o s
2 &
3 10 g 10
[a)] 3
X Y o)
0 ' 2  -40 0 40 80 120
0 1 2 3 4 5 4
LED Voltage : Vi g, [V] (0 = 1 to 4) Temperature : Ta [°C]

Figure 10. LED Current vs LED Voltage
(Ta = 25°C, VCC =12V, Ven = 3.3V,
Vieon = sweep (n = 1 to 4))

Figure 11. LED Current vs Temperature
(VCC =12V, Ven = 3.3,
Vieon = 2V (n = 1to 4), Vpwm = Vvrea)

100 100
95 95
—_ ° |
Q
& o0 =" — S 90
Q S
Q U—
£ w
“ 85 85
80 80
20 40 60 80 100 120 20 40 60 80 100 120
LED Current : I;gp, (N = 1 to 4) [mA] LED Current : Iigp, (n = 1 to 4) [MA]

Figure 12. Efficiency vs LED Current(n = 1 to 4)
(Buck-Boost Application)
(Ta = 25°C, VCC = 12 V,Ven = 3.3V, Vpwm = Vvreg,
4 LED loads per channel, all channels have loads)

Figure 13. Efficiency vs LED Current(n = 1 to 4)
(Boost Application)
(Ta = 25°C, VCC = 12 V,Ven = 3.3 V, Vpwm = Vvreg,
8 LED loads per channel, all channels have loads)
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LYV Fr—b (BHEIEREHE-RESHFEF)

ford 5V
VCC 4
EN*
VVREG ....... 3.5V
UVLO
SYNC™
Pyt L L
Povf S,
OUTH W20 M [T (mm o (mm [ |||||||||||| |||||||||||| 1111
VOouT /,._t 20 !
Vove 1.0 V»—t @iLED SHé)RT% @ LED%ML = :
L : : : : : :
EoE P ING
Lieps ] _i—__'_ _g_i_j_{_—_
Liepz ] _g— 1]
pEpEg N
Lieps _f—:—'_ m—_ :
Ve AgEaiiy =i .
Vieos J\j_l_\z/x/_—i———: '_z_i 100 ms*‘?
VLED4 __/\E_I:\Z/_\/—_Z_—— = w :
Hi-z Uiider0.3v Over4.5v Undero.3v™"

FAIL1"? l_l H H I—:

FAIL2 % |

*1

FRIF VCC AD%. EN AHEBSTUESH, VCC ANLDFE(C EN. PWM, SYNC BA NN TERIEHDER AL EN (£ 0.8 V U T T Low ¥IE, 2.1 VIILET
High ¥IFEERDET, 2 DDIREERI(0.8 V < Vey < 2.1 V) TOEAIEBITIZEW,

*2 32770 clk x 1/fosc TRFZBFHITY , fosc=300 kHz BF. 100 ms(Typ)&Rn£d,
*3 FAIL1. FAIL2 i F% VREG I FIC I PyTUTWBRIBEDIAZ) Fr— N RDET,
® Vow < 1.0 VORIIE. PWM ARICBENST DC/DC Z1wF I EMERITVEY (FLRE) .
Vowe ' 1.0 V (CELEIZETLEENE T L. PWM BDd+ DC/DC RAYF>H %175 ) —INE—RABITUEY . LB EFHEE)
KD VOVP 11 0.57 VU FTOBEICEN T,
@  Viepz2 £ 0.3V HD Vove = 2.0 VIZRBE LED A-TAREHNEMEL. LED2 % OFF LEY . CODEE, FAIL2 (& Low ERDET,
® Vieps = 4.5 V [(R3E LED 23— MRENENEL. 100 ms #&(@fosc = 300 kHz)IC LED3 /' OFF UE Y,
COEE, FAIL2 (E Low £RDFET,
Viepa ' GND 33— hg34, VOUT BEN EFU. Vovp = 2.0 V ICT OVP &R L. FAILL A Low [TEDF T, OVP KHIZAw
F> %)% OFF 931z VOUT BENTFHD. OVP O ON/OFF Z##DIRLEY . 100 ms #(@fosc = 300 kHz)(CHiiRREZIR
HU. DC/DC Z1wF >4 ¢ CH O LED &% OFF LEY,
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1220 Fr—b (BHEIENR-EN BitE)

vee o 4.5V

2.0 ms*f

EN

~~~~~~~ 35V 35V
Vyrec 20V /

UVLO

SYNC

-
a
g
ﬁ
:

PWM

SW/OUTL/
OUTH HHHHH HHHHH HH‘

=L

VOUT

Vowe : 1.0

Iieo2

Vo
Liept : e
L —
]

Iieoz

Lieps
VieD1 : 1.0V

L
]

[]
]

[
IR

[]

|

Viepz

Vieps

VieDs

FAIL1 /

FAIL2 /

*1 EN BECENRFO Low X/E 2.0 ms U EMETT,

VOUT BEZTRDTAAFr—SUIAREET EN BIEEENZITO TS, VOUT TAAF ¥ —SHEBEWIMI I TAAF v — SRy F = {ER
FRERMRLFT, VOUT (CBENFEOIIRRET EN BicEIZ1TOE. LED 055N RET HRIREMENGBDFITDOTITERLE,

www.rohm.co.jp _ TSZ02201-0T3T0C600090-1-1
© 2016 ROHM Cao., Ltd. All rights reserved. 20/42 2021.02.12 Rev.003

TSZ22111 « 15 « 001


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

BD81A24MUF-M Datasheet

It A E1 3 )

FHE DC/DCIVN-FELTERT %S

vee[an]| . i
& & e VREG VDISC RE
"7
vee
EN
Yo W o
SYNC e iV ied
RT o o o N
RRT o e N
e ieh\ViehVied
=, LR AR
RPC
Cpc/j?
ss
csS
+
PWM
1SET
QISET,Q—/
GND

SHDETEN LEDEN | -, LEDEN2

Figure 14. EE77Ur—23>EKE

LEOLSCHEE DC/DC AN-HELTEAT 35E . VOUT ° LED i FhMESUIEF. Vin hoOBERZMEIET 2N TE
FRA. ZOIzth VCC OFFERIC OCP SR TEMEL L. BREEREBRIU T Ob1— X2 BEA T IREDIHRZL TEE L,

B#E DC/DC OVN-ALLTERT5E

vcc:cwj_ I ee
& & VREG VDISC [ Joouwr
ovp +
vee ]
EN |
P e s
SYNC NiehVia Ve hVied
COMP
CPCFE
ss
CSS‘L_<
+
ISET
GND
SHDFTFN/;‘7 IFDFN]/_L /_I_,I EDEN2
Figure 15. BRE7VI—>3>[EKK
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PCB 7JVs—>3>EiRE

SYNC ()
SHDETEN () 121z 1=
o TJOo TO
PWM (O ;J;
Ied)
FAILL ]
0 Q—IE
FAIL2 (O [ BE— uT l.[ﬁ H&
RCS3
L livee csp28
VREG
S5 EN 27— (N | 0
l T ") VREG
P 3! comp VREG 26 | g
(&) -
5]
l ?é 4 g7 soor |25 REOOT - ;
b Q
5} s 51gynNe outHiz4 — |mM T3
;% = 5 - 5 n D2
SHDETEN sw = IRERE (Ovout
7{GND VDISC 122 2737078
e i 8l pwh DGND 121 - i -
RFL1 B 20 37 !
FAILL 0 ouTL
~
10fFaTL2 J_, PGND‘“ﬁ7 [] <
RFL2 ]
LEDEN1 () L epen  OND 1seT 18 =
LEDEN2 () L2} EpEN2 ovp 17
 ——— 1% LEDale B o
~ y =
14 ep LED3 3 %E i ? S
o
77 Veal 7

(O LED4
(JLED3
(O LED2

(OLEDL

Figure 16. 77U —>3>[EIEK

-Rr7iE#LE. RT i FOEIRICEREL TEEZFRVTIZE,

*Riser &3, ISET i FOBEIRICAREEL CTEEZ{TFRVTIZE,

-Cine Cvre DT HYTUSH DT IHIETERET IC EDOBERICA T TS L,

-DGND. PGND ([ZIZAEFRNHEN B RIEEENHDFIT DT, 1 E - RAEEL TR,

-ISET. RT. COMP EICId /A ZHEERNES. TSEELZEL,

-PWM, OUTH. OUTL. SW. SYNC. LED1 ~ LED4 (Z1vF> % {TVEIDT. BAN\I— U HEEZEZRVESTERILZ,

-SW. OUTH. BOOT DR IHFHSEZEPRFTOERRIRE. B/ MM IE-FRELTIZEW,

)W —SEmICHEL PAD h&0DE T, 523 PAD ($E4R GND EFHFFUTIECESHREVLETD,

‘FET(M1)05'— MEFLE 0 Q [CUTEEL, IEIME SN DL, M1 OFEBTEES — MEFLT M1 1Y OFF 939/ hiEN. M1
£ SW ORER NS S RAICEBERNRNZTTREENHNF T EEERIRNIECLOT, EOE(LI OCP DR REDFRZ
HepbEd,

- JAZXIERDSD . FIEIN—T(D2—Cyour—=DGND—->M2—-D2)¢BEE)L—F(VCC—Rcs—M1—D1—-DGND—GND—Cin—VCC)
[DWVWTIE, 858, /M E—FOZOEMRLA 79 N CRREKIEEW,

‘PWM SRSV ULABHU T O E&E 9184 (E. LED1~LED4 #FICO>T > YR IBEHURNTEEV, LED 33— MRER &
HIZENNBOET ., JA ERBRET, LED I FADIS T I HEGZIRFT U TUWEEEE. B FEFTHROEHhETZE,

10

tmin <
fosc

tuy : PWM SBEER/IVULRAIE  fosc : DCDC FEHREIREIEVE

*Resiv Resz #FiOMmS (TR TRUZERT) (3558 CEHRL TSV, BURNNRBBEA2HDH VAR (CED OCP DFRIRH(C
DRNBEIEEMENHDET

VCC& . VCC| z'—
&=
T %
cslX ’\A/T, e S E
cs X—
Figure 17. Res 25 (CACE T 255 Figure 18. Res ZH5!(CARE I 2155
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PCB R—RM3 3 EIm—E (FIFERK)

Serial No. | Component Name Component Value Product Name Manufacturer
1 Cini 10 pF GCM32EC71H106KAD1 murata
2 Cinz - - -

3 Cing - - -

4 Rest 100 mQ MCR100 Series Rohm
5 Reso 100 mQ MCR100 Series Rohm
6 Ress Short - _

7 Ces - - -

8 Css 0.1 pF GCM155R71H104KE37 murata
9 Coci 0.01 pF GCM155R71H103KA40 murata
10 Rpc1 5.1 kQ MCRO3 Series Rohm
11 Rrm1 27 kQ MCRO3 Series Rohm
12 Rery 100 kQ MCRO3 Series Rohm
13 Reo 100 kQ MCRO3 Series Rohm
14 Crec 2.2 uF GCM188C71A225KED1 murata
15 Ceoot 0.1 pF GCM155R71H104KE37 murata
16 Reaor Short - -

17 L1 22 pH CLF10060NIT-220M-D TDK
18 M1 - RSS070NOS5 Rohm
19 - - - -

20 D1 - RBO50L-40 Rohm
21 D2 - RBO50L-40 Rohm
22 Coutt 10 pF GCM32EC71H106KAO01 murata
23 Courz 10 pF GCM32EC71H106KAD1 murata
24 Couts 10 pF GCM32EC71H106KA01 murata
25 Couta 10 pF GCM32EC71H106KAD1 murata
26 Rove1 30 kQ MCRO3 Series Rohm
27 Rovez 360 kQ MCROQ3 Series Rohm
28 Riser1 100 kQ MCRO3 Series Rohm
29 - - - -

XEPmELIBMWERMAOER I 2EMEICLOTEIELET.
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PIVT -3 BB ES E

ROFINECLD, TV —2a B ZREL TIEL,

1. FAZGEIDADE—IER I vax TEH

\'4
2. BERMEERME locr > [ wax ERBED Res BERTE L &%
T4—FI w2

1
N4 |
3. 0.05V/ps < (VOUT / L)-Res < 0.63xfosc [MHz] EB345 L BEE#: |
T LIEHIE OKAB54A NGRS 1A

-

vV
4, EHER. ERBEEE®ITLOIMN. SaybF -4 1A —R MOSFET. Res &

Y
5. BAVWIINEBRESRMEHET LS, HHIVT o YERE

6. ANIZTUHOEE

A4
7. BOOT - SW I 7 HDEE

A4
8. ftEmiECBEORE Cmmm e -

W
9. BETREDHETE

A4
10. YIRAS— RO TE

Cpc . CesfED
SR (RIEEROIES

y
11. REFRIRER

A4
12. ENS#gesz ] e e e e e

A4
13. EHESNEHSR?
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PIVr—a ebmBERE — K&

1. BRAAE-IER I vax &

D'il VOUT
T T
J Cour
37 & M2 l
OUTL
HAT7TVT-2a0ERE (REEBKROES)
(1) RREHEE VOUT max DEH
LED @ Vf ($5D%. LED E&#zZREU. VOUT waxZEHUET,
VOUT yax = (Vf+AVf) XN +1.1
VOUT yax  EIRAHNEE
v . LED VF&IE
AV : LED Vf BEF5DE
N : LED B3Ik
(2) RAREHER lour Max DELH
lour max = ILep X 1.05 XM
Iiep : 1ch HIthOHHER
M : LED 51%
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1. BRAAE-IVERI vax®E8H — fHiZ

(3) RAASNE-VER IL_vax DELH

I, max = 11, ave +EAIL

IL,AVG . Haijiljjqzt’:j'?éiﬁ
Al s M VERIRNE

(REBROES)

lour max
I, ave = VOUT pax X W

Al = VCC>< 1 XVOUT_MAX—VCC
ETOL T fose VOUT yax

(RIFEBRROBE)
Loyt max
IL_AVG = (VCC + VOUT_MAX) X W
vee 1 VOUT yyax
Al = X X =
L fosc VCC + Vour max
(FFEBROISE)

I, ave = lour max /M

VOUT 1 VCC—VOUT yx
L " fosc vee

AIL =

vee :BIREE

n D BhER
fosc : DC/DC FIREIREL
L : JM)E

-VCC R/ N\BERBENT-ANT BB, RNBRBEZAAL TS,

-BD81A24MUF-M (&, 1L~ bE— K DC/DC N7l AL THED. I )UBCHW TRBILSNIZERET 21T THELE
9. BOME, EMOENS. LROEEHERELET . COFEEANDIMNBRELEI EXMYF I IRINAERICB SR

& REUVOEGEWEMRIE CEERADTTERE,
‘NGNER)(F 80 WIEEERDFT,
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PIUr—3avebmiEESE - H=E
2. BERFESRME(locr) DERE

Vocp_MIN

= > I, max [A]
CS

Iocp =
locp MmN : BERERERYET

VOCPfMIN . L%/}I ﬁg*ﬁﬂj EEJ_(O 18 V)
Res : ERLIEST

IL_MAX  BAANE-IER

ERBESIC, Res BZETEL TZEL,

3. IMIVEHDEE
AL > hE—R DC/DC VN -SEMELZEILDTe8D, IROSZEMHAICT L iEZTRAEITL2HRELFT,

VOUTXRcs 0.63Xfosc

0.05 < Lx106 106

[V/us]

vour :DC/DCIN-AHHEE
Res | EIREIRST

L : JMIUE

fosc : DC/DC HIREREL

LEDESDOEZERU. + OB - ZFHTREL T,

VOUTXRcs

13106 DB NESCTBIET, IDTEENMELFIN, SEEMETUET.

Ffe. VCC = 5 V U T CEAICRANZBEF. DILETERIOREMIEL TO{ESHFEVLLET .

12X VCC XVCC X7
VOUT X Iigp X M X fosc

L s MIUE

vece : BIREE

n Y B

vourt : DC/DC IVN-SHPEE
Ligp : 1ch »zbd LED &R
fosc : DC/DC FiREIR2L

M : LED 5124

LFEEBLEBRVINVBEEUZE. LED IEEOEKTHIRLET SRIREENBNFT,
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PIVr—a ebmBERE — K&

4. J4J(L). F4A—-R(D1, D2). FET(M1, M2). Rcs. Cour DTEEASEE ./ EBIFRDETE

EIRER ERERE aR
a4 L > I|_7|V|A>< - -
H4A-R D1 > Iocp > VCC max -
H4A-R D2 > Iocp > Vovp_MAX -
FET M1 > Tocp > VCC max -
Rcs - - > Toce? X Res
Cour - > Vovp_max -

AMIEBRIEEDEZE R, + NI ZFof s EZL T,
fEF9% FET @R YF I % KRNI I, &'~ MEEDNEREDZEAL TS,

5. HAOITIHOREE
HAICERTZI>T Y Cour (d. VOUT OUYFILERE VOUTpp DIFBEICLDRELEY.

20XILgpXM

VOUTpp = + AL X Rgsr  [V]

foscXCyourXxn

VoUTpp : VOUT W ILEE

Lep : 1ch &zb® LED &%
M : LED 65128

fosc : DC/DC FiREREL
Cyour :VOUT BE

n g P

Al  MVEFRHRNE

Resr D AT Y Cour OFMEFIIRST

EIRO VOUT UyTILEBEEF. BEARL A7 MOEROFF IO EE R 1TET . LT EMTORRZITV. SFEVTINEEAICINED
&S TR -S BB UESEOREZEROLET,
FHIETED Cour DERAME(X 500 pF TY,

6. ANITIHOEE
ARTSTIHELT 10 uF L ENDIE ESR OE32Y7- D25 2% #ELF T, COSEESNOIS T RRELFIE. ANEBECE
ARUYTIVEBENERL. IC DRENFZ SIS I TN HDET .

7. BOOT-SW M1 7> HO#EE
SIEERBREUSPEEBRZERIZIBAE. BOOT-SW BIIC 0.1 uF OI>F > HEIBALTRZ W,
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PIVr—a ebmBERE — K&

8. (AEMHERIEORIE

COMP #7 U —a>BIEEE(n = 1 ~ 4)

TIVT -3 0T EZMCOVT

LED BEI1—RI\WIRDBTESEMAF(E. ROLSCRDET,
(1)F4>h 1 (0 dB)DEZOAIAENS 150° U T (TROSAABRIBE 30°8 L)
(2)T10 1 (0 dB)DEEDRELRE(A=TAT A VAR E)N A vF I EIRE® 1/10 BUF

AZTAT AU RIREBADEICAABEH fz ZIBATHIET, AABBEIC LD T EMZHAR I HIENTEET,
Ele, AABEN fpl (& Cour EHDAUE-FVZ RLICEDREDET, ZNENE. REOLICBDET

'fﬁ*ﬁﬁa} fZ = 1/(27TRPCcpc) [HZ]

fz% 1 kHz ~ 10 kHz [(RTEIBERVERNMESNE T, R (C(F. BRARETRRFOMEERAL T,
BH. COREFZNKROILEDTEZERETE I TOTHBNELADTEE TOREBINELRBZIZENHDET .
Fe. INSOYFHEFEMRLATI N, BEERARECEIDEILUETDOT. EFENETORRICIIEMTO+DREREZHFEOLET .
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PIVr—a ebmBERE — K&

9. BEFRE(OVP)DIRE
BEERFE(OVP)(EIMIFIEHT Rovei. Rovez [CEDTERTELE T
BUFICERBAT 35%5E (. BE/RE/ BEREOWVHRZ7IIT 23 BV TEBREBERDET,

VOUT ICIER

E 2.0Vi1.94V

+—

E 1.0Vv/0.57V

OVP B87 ) —2a>[EE8E

IH

IH

OVP #F(%. 2.0 V(Typ) LCABEBEERIRKIL. DC/DC I/~ F4EIELET, Fo. OVP BT 2.0 V(Typ)lEAD
LED1 ~ LED4 I FEBEN 0.3 V(Typ) AT TA-THARREZIERANL . BIREESYFATUE S ((REMEESER),

AT ZEBCIDICE. HOBREORKEOEIIDEETN . A-TAHEXEOFR/IMEZ FLEIZHENGHIFT,

Rovpi. Rovez (A TFORE T LICERTELTEE W,

_ Rover 1) v eeeee et
VOUT(MaX) X (Rovp1+Rovra) < VOVpopen(Mln) (1)
vouTt : DC/DC HHEXE

VOVPopen : OVP ﬁﬁ?j_j\/*ﬁﬂj%k_‘:

$l1) Vf = 3.2 V£0.3 V O LED % 8 BSITHEAT 35S
VOUT (Max) = 1.1(LEDHIFHIEEEMax) + (3.2+0.3) x 8 = 29.1 [V]
A—-T>H%it OVP WG FEE Vovpopen(Min) = 1.9 [V]
Rovei = 20 kQ £93E(1)&D. Rovez > 286.3 kQ [CTEREL TVEGBENHDET

51 2) Vf = 3.2 V0.3 VD LED %z 3 B3ITERI 35S
VOUT (Max) = 1.1(LED#HIFHIEE[EMax) + (3.24+0.3) x3 = 11.6 [V]
A—TUH&H OVP B FEBE Vovpopen(Min) = 1.9 [V]
Rover = 20 kQ £9F3¢(1)ED. Rovez > 102.1 kQ [CTGREL TWREREN®HDET
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9. BTHEFH(OVP)DEE — i

<OVP EEHTRDTEEIE>

SFE7F )33 ATAET. OVP B FEFOIHHECI O TILEFOEENELRNEY . TLEFETHRVES, BEERN
Eanlserthhais T TadtE W, MUTI(CREF0 T SESMEEEC OV TRUET .

OVPHTEE [VI A

JURERTEME 1.0V

TS FRARIME 0.57 V

PWM = Highlc {E

——

OVPIA TR [V] A

NEFETREIOV ===

Time
Figure 19. JLRE%1T3HBE
PWM = Hw'ghﬁﬂ’
\{Wpﬁﬁ?@ﬁ%ﬁffwﬁ@mﬁ%, TLBF&TNAL, j
T SERARHE 0.57 V= === === e e e e e e e ccccccmmemme-c-cccccmmemcmc——————-
>
Time

Figure 20. JLEEZITHRVEES

SFBEE. BEYTT—33>ERKHS. VDISC #EEICLHT OVP i FEEDVIEMENTL FIERIARIELID BGRB8, 4T

TUREZITVET,
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POVF—3aVEBmBESE — HE

10.

VI RS — NEFREIDERTE

YIRS =N, EEFOI IV EBROENE D BEDEEN A — /-2 1— M FKTEHICHETY . FE1E(L 0.047 uF ~ 0.47
uF ZHERUFY SSENHREEFEZ TOSEICGREI L HABEICA—N-21—- MREITZRIREMENGDDET . #HEEHHE
BR3BREZREISL. BIR OFF KHCAEFERFICBABERBRNEL IC ZIBEIDRIEEMNHDFT, YT MR — N
] tss(Typ) U F O TEREINET .

tSS = CSS X 3.3 / (5 X 10_6) [S]
Css & SSImTFI>T HBEME
11. ECENRFREIOMERR
ECEIIED PWM duty WVNEWEERBIEFREITRRDFET , IBRFEZFET BI26IC(E. Coc BZ/NETDEN IR TI N, fI4H
RIBEDHERNINETY,, LUITFICRTRIIR 2 Z44HIHIFS PWM duty LELEIFFBIOT —5%2R~UET .
A% 1 (Boost &1F)
VCC = 12 V. VOUT = 30 V(LEDS B%!I%87E). Rrr = 27 kQ(fosc = 300 kHz). Riser = 100 kQ (Iep = 50
mA)\ Cpc = 0.01 |..IF\ Rpc = 5.1 kQ2. Css =0.1 |JF\ Rovp1 = 20 kQ. Rovpz = 360 kQ
1000 1000
900 900 \
. 800 _ 800 \
g 700 g 700 \
‘© 600 ‘o 600 \
-E 500 E 500 \
S 400 2 400 \
g 300 :% 300 \
n 200 2] 200
100 100 ~
0 0
0 20 40 60 80 100 0 0.2 0.4 0.6 0.8 1
PWM Duty [%] PWM Duty [%]
Figure 21. fC#H)iFfE(Boost) vs PWM Duty
4% 2 (Buck-Boost £1%)
VCC = 12 V. VOUT = 20 V(LEDS5 B5%#8%). Rrr = 27 kQ(fosc = 300 kHz). Riser = 100 kQ (I.ep = 50
mA). Cpc = 0.01 pF. Rpc = 5.1 kQ. Css = 0.1 PF. Rove1 = 30 kQ. Rove2 = 360 kQ
1000 1000
900 900
800 800
z 700 2 700
5 600 S 600
E 500 E 500 '\
g_ 400 % 400
Flu 300 E 300 \\
] 200 0 200
100 100 S~
0 0
0 20 40 60 80 100 0 0.2 0.4 0.6 0.8 1
PWM Duty [%] PWM Duty [%]
Figure 22. iCH)iFfE (Buck-Boost) vs PWM Duty
LREEET-ITHD. EROEBFEEL AT M- 0ERREL. SPaiFEICEFELET O TS EBIECOIMER 2B
WWzLEY,
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PIVr—a ebmBERE — K&

12. EN FBicEhhEsR
EN OBEBEFRE, VOUT [CEBRENAITVWDIRRETIEEN I 3155 EMESRMAPEMEHCIOTE SCP ZIRH I 251 B5H]
BEMENDDET . AT D7 T~V TGV T T ORME BT LOBREEDBREOLET,

FIEERBRL. BREBREZIERDSS
VOUT & VDISC i FZ#E#HLi LT AT OREMEIILIC EN = Low BFJZERTEL TS,

__3xVOoUTXCoyr

tpisc = < EN Low H%FEE [S]

4XIpjsc

toisc (DC/DC HAMERTE) OFFMICOVTIE, HABEMRBEIFE(VOUT TARAFv—IHEe) 2 TSBEIZEL,

SEBREZEROSS
T OHEHTLIIC, Cos B Coc lBZFHTEL TIZE, Cre BZEE S DIHRJAABFFIENENDDE T, &1\ Cos E2ZEE T2
BISEEBRFENEDDFT  ZONHEETOTHERZSFRVVLET,

_ ,0.4+2.7xXn-VCC 1 Cpc
t1=( 0.4+2.7Xn foscXRrrx1.38x10~10 +1.56) x (0.46xDuty) [s]
tZ = CSS X 61 X 105 + 29791/f05‘c [S]

t1 < t2 ERBEIIC Cre. Cos DIEZEFZTEL TZEL,
n : LED B51%K

vee : BIREE

fosc  : DC/DC FIRREREL

Rer : RT Ui FEHUE

Crc : COMP i FE=1E
Duty :PWM Duty

Cs 1 SSIHFILFIHERSBIME

WU) n= 7, VCC =7 V, fosc = 300 kHZ, RRT =27 kQ, Cpc = 0.01 |.,IF, Css =0.1 |JF, PWM Duty =1 %(Diz%é

0.4+2.7xX7-7 1
0.4+2.7X7 300kx27kx1.38x10~10

t1 = (

+1.56) x 0.01/(0.46 x 1) = 0.0463 [s]

t2=0.1px%x6.1x10°+29791/300k = 0.1603 [s]

COFRHOHZE. t1 < t2 2 I TedHEIEHDEE Ao
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PIVr—a ebmBERE — K&

13. RHEENFRESR
FEEOEHEEECRITIFIRD TR RN EHZEEL CWILEFILOBFENLFT . FIOBEE BRI E TOELITRS
fzs ST EBRDES DEPLZDHFMZE(LZ S ATLEDTIIRL RIEIDEDTIIHNFR A REOFFIECFZEDHD/TA-TELT
BREE® LED BR/ATHR. 15058, RHIDTIIEE. ZMYF I ERERER . REOLATIM G-I THZEELE
FOT, BT R TOMRZITOTCWREFTLOBFENLFET .

EMC X3 5RABMNBERFRICDWVT
TRIC EMC X REBROHIZERUET

1. J\ABARFET R)L—L— NAZEAIEHL
2. JAYARFET @RIL—T /A KA1 7Y
3. NI-S1 BRI/ A XA T Y
4. NO=34> A ZXERAO—-/NZT1)L5
5. KI=SAY A ERHABIESE—RIILA
6. O-—B4RFET &SRR/ A XEMARF/\ERE
7. O-YARFET ZAvF> I+ JERAZ T\ [Eig
R Tt O
\fccﬁjhjziJ L L‘;: j_;:lcstml - -
i il. L; ; & VREG lvmsc [I] /;-]E’;O”T
---------------------- vee E
EN
s F'ﬁ‘: |
S Yo s Yo P
S e o o N
RT ez { ﬁ A 3 A i
RRT OouTL ' !
{1} VZAVhVehviy
i - o o o o
% VARV
RFC
SR LEDL
S5
CSSFF,
PWM
ISET

RISET

T

GND

SHDETEN [, LEDEN1 [ L LEDEN2

7V -3V EIRRSEH(EMC MEREPRED)

LED IHFICO>ToY%IER I DLE. BEARMNICIIIERERLADFT, PCB 7 —3a %= SIBEE ., LED IFADIY
TOHEGEEARSTUCUVEB S B FTHAEVEDEEE,
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PCB LA/ 7Y MEDTERRICONT

PCBLA T N A—d., $hZROUy SIS ECRERFEZ B Z 2R ETRHSEENNETY, TRICRI LI, FIEEBRLTIE
“Loop1”&tLoop2” 22D —THEFEFELET . I —THROEDGRIAESEICELE L T ESBFEVWVELET (5 : Cout®GNDE
DGNDIZALICERECINDGNDED1MGND(LIALICATE. 2E),

e, B —THROEIFEEIIEA I —F 2 AERBEICLTRE L,

O
5

uour 0900
90:eno

0000

.c0074 EN
B Bfcors O

o)
o

0000
£

205

0000

§6

0

LED4

LED3

»x»ROHM
UTL COUTZ seMICONDUCTOR
BD81A24MUV LED2

3

LEDEN2 LEDEN1

S 1 &
n_ o )
LEDi
‘_‘.ﬁ.‘ O
: 56683-
595 sngsu PHM rgﬁ r92 09

Figure 24. BD81A24MUF-M PCB TOP-layer
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HEENDHEN
Pc = IccxVCC - DEEED
+Crssi X Vvrec X foscX Vyrec - @IMITRIE FET SEENERED
+Crss2X Vvrec X foseX Vyrec -+ @FMIFIEE FET SEBNERED
+{VieoXM+AVFXNx(M-1)}xIep < @AY RRSANES
+Ron rerXIrerxIrer -+ ®FE FET(ME)ON BFER
+IFETxVour/6x(tr+tr) Xfosc - ®FE EFT(AR) A vF 2 IES
I._ave = (VCC+Vour)xIlour / (NXVCC) @199 2 FHER
Iour = Iiepx1.05xM -+ ®LED HAOER
Vour = (VF+AVF)xN+Viep ---@DCDC HHEE
Irer = I, avexVour / (VCC+Vour) -« @FE FET(NE)ER
Pe  ICHEES N - LED B3%
Icc : BEEER M : LED Wi5ER
vce : BIRERE vf : LED IEARERE
Crss1 MBI FET /— B8 AVF : LED vfE50=
Crss2  IMIFBRIE FET 4S8 Ronrer  : BIE FET(AE)A VR
Vyrec : VREG EF t, : OUTL 37 L 0BSRE
fosc : YT RIS te : OUTL 37 F0BSRE
Vien : LED HHEE n D
Igp : LED HHER
<5tE 6>
SEEER

Icc =10 mA, VCC =12 V, C1551 =65 DF, C[ssz = 2000 DF, VVREG =5 V, Fosc = 2200 |(HZ, VLED =1 V,
Iiep=50mA, N=7E, M =475 Vf =35V, AVf = 0.15V, Ron_rer = 0.8 Q, tr = 20 ns, tr = 20 ns,
n = 80 %t93L.

Vour = (3.5 V+0.15 V)x7 series + 1 V = 26.55 V
Iout = 50 mAx1.05%x4 parallel = 0.21 A

I ave = ((12 V+26.55 V))/12 Vx0.21 A/0.8 = 0.843 A
Trer = 0.843 Ax26.55 V/ (12 V+26.55 V) = 0.581 A

Pc =10 mAx12 V
+65 pFx5 Vx2200 kHzx5 V
+2000 pFx5 Vx2200 kHzx5 V
+{1.0 Vx4+0.15 VX7x(4-1)}x50 mA
+0.8 2x0.581 Ax0.581 A
+0.581A%x26.55V/6x(20 ns + 20 ns) x2200kHz = 1.087  [W]

ER0ET . LEEEHETHEEMTHD, EEVMECRRIZEIHOFT.
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A SR
SS COMP RT
vee Vies Vs e /i .|
f BT g |
12,5
== Q
ss[] 2 J Lok comp[ ] - 2 J |:3J| RT .
1
% é gl % % gl
SYNC,PWM SHDETEN,LEDEN1,LEDEN2 FAIL1,FAIL2
Vyres ijc
Vyres
SHDETEN
= | | = | ] o
100k ﬁ LEDENZ 100k ﬁ W[,:L
LED1, LEDZ2, LED3, LED4 QvP ISET
Vvres
LED1 LLJJ Vines H
LEDZ 100k
25 Lﬁiiﬁz 2 n
3 ovp ISET
L‘L [: 90k o T
20 ﬁL -
=
OUTL VDISC SW
VCC
ouTL VDISC L sw
I : I
OUTH BOOT VREG
BOOT  BOOT BOOT Voo
Tq Tq Viges ?ﬁl
OUTH 1k BOOT VREG
. |
sw Jj
Sw SW SW
EN Ccs
vee vee

cs

XABIZIAT Typ BILRDFET,
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ERAEDEE
1. EBROPHEGICOVT

BIFRIRIIDOFHERTCLD LSI HHIET 2NN HDEY . HEHRIRRERLL HMERCEBIRE LSI OBIRIHEFRICH(A— R A
N2REDMEREREL TS,

BRSOV T

BRI DFRETHCHWTIE, BIRFA D OEHRE. RAE TV RCRBEIICL TSN T2 RIAUCDOWVWTE. RO/ -

EETEEBU TSV, F2. LSI OISR TOERIHGFICOVWTER - I3V NG FRICIOT O EIBEATREEEC. BFEI T

FERADKRE. BB TEER TIECREREFERTZI T HOEFECRIERV\CEZ T THERDIZ. EHERELTIZE,
I3 REAIICDOWVT

HEBEM [CEEBAMZ AN DI 2T ERE. 30> R T OEAEVNRIEEIRRECHVN TS, RIEBMICRDLICL TSN, F
EERGBERSZSD. 39> RinT . BEMAHIHFUNOIRT NI SO0 RETFOBRECBSROESICLTIZE,

H39> REEHRICF -2 DT

IMEBS TSIV RERBRIZIY RIBZHE. KBRI IV RINVF—DLIMES IS RN BEL. /NI — D BLHRDIEIDE
RERICLBZBEZLNIMESITUD ROBREEZLSERVEIIC. TYMEEST 1 m7—XI 32L& #EBLET . IMIIERE
DI 39> ROEHRI G — B EEURVE I ERUTUZE W 3T RIA D DERHR(E. KA E—F>RTRBEICU T,

HERBWERAHIOWVT
HERBWERMATRESNSELE T IC DHEEE - BMFZIRIELE T, Fo. FFIHBEFESEIFETRESNSZEBOFMF T (CHEVTO
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