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2. F— S5

2. F—5IEH

B4 —vyFr—L4 1) — F&h o &k WE Lk Nyir—2o
UPD166030T1K-E1-AY NHQO70C Pure Matte Sn Tape 1500 p/reel 24-pin Power HSSOP
UPD166030T1K-E2-AY NHQO070C Pure Matte Sn Tape 1500 p/reel 24-pin Power HSSOP

(] PboU—(COHERBIEINE) —FIZHRESATEY FEA. )
MSL.: 1, profile acc. J-STD-20C

21 Zv O r—L

NHQO070C
S

A: TO252-7

On-state resistance

B: 12-pin Power HSSOP

S: Single channel
D: Dual channel
Q: Quad channel

Nch High-side

C: 24-pin Power HSSOP

(] ZvIFR—LEBEROEZZTTLOTEHY FHA
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3. %
31 JAavsE

311 4chBENFYRIL - NAHAL K- KSAN

L.

Channel 1 +
Power supply
voltage sense

Internal
power supply

Dynamic
clamp

o

Current limit
Charge pump
Gate control

INT € > —.‘rl Input I—) ]
circuit =
% € | Current |
detect
SENA () —)l Sense |—) 3 e OUT1
E2D Enable " | Ternperature | )
praotection Sensar
Faull signal Outputwoltage |
output SENSE
151 Q€ Current sense I
1 Fower stage
> Channel 2
Equivalentta channel 1 Qoutz
Igi I Control / Protection circuit and Qutput MOS )
I
B I I L
IN3 Ch
annel 3
—() OUT3
153 Equivalentto channel 1
SENB Cantrol i Protection circuit and Output MOS
Channel 4 —Q oUT4

[INES Equivalentto channel 1
= Control / Protection circuit and Output MOS
& &

L L
GMNDA GNDB

l IcC 4
Yonl
O
N1 Veo
QuUTI
SEMA 151
b
« g ouT2
% —{ ) |12
L2l S 152 . —
o N3 NEEAE
£ N3 3 § 3g
r
% ISENA [] E [] Ig Voo
BEHA ouTz Q
ma N4 | RIS RIS
&l = 4 153
o
S ouT4
Z .
= 154 QO =
[=]
=
GMNDA GNDB
Py
I IGNDA I IGNDE
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32 EVEE

3.2.1 24-pin Power HSSOP E VECiE

Pin No. Terminal Name

1 GNDA

2 IN1

3 1S1 24 23222120 1918 17 16 15 14 13

4 IS2

5 IN2 H H ”

6 N.C. ( )

7 GNDB

8 IN3

9 1S3

— =[] O O [

11 IN4

12 \Y/ole)

13 SENB O

14 OouUT4 \ Y,

R TTUTIuos

16 OUT3

17 oUT3 1 2 3 456 7 8 91011 12

18 N.C.

19 SENA

20 OoUT2

21 OoUT2

22 OUT1

23 OUT1

24 \Y/ole)

Tab VCC

inF 1 EE

Ea= HERE HEER

GNDm GND ##F(m=A to B) 100QIEEN L, FE 100QEREL A F—F
ML GND EfzICHEHR L T EZ S,
6.7 TV = avBlESEIEEN,

INn ABIHEF(n=1to 4) 2k~50K L ZN LT MCU /R— hIZ#ER LT =
AW

ISn + U RERH NIHF(n=1to 4) 0.67K~5K £ Z M L T GND EfzIZ#EHEL T
T, REARFTA—TUICLTLESL,

SENm + > A EFRH 51 Enable iiF(m=A to B) 2k~50K & Z N LT MCU /R— kzHEREL TS =
S, RERARKFEIA—TIZLTLESLY,

OoUTn H HIFEF(n=1 to 4) OUT-GND Efif8[Z 50-100nF 3 > F oy ik L
TLESELY,

VCC ERHBIETF VCC-GND EffEIZ 100nF AV F oo &k L T
CEEL,

N.C. RiEfR F—TFoDFEFIZLTLESL,
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3.3 MR KEHE

FRIZRRED 2R Y Ta=25°C

EH Hik=1 E B4y LS
BREE Vee 28 Vv
BREE(VNYTY -Vee -16 \Y% RL=7.7Q, t<2min,
TR E) RIN=2kQ, RSEN=2kQ, RIS=1kQ, RGND=100Q
Ny T U F | IeNDRey) 200 mA | RL=7.7Q, t<2min
GND #iRE R
BREX(A—F4 Vioad dump 42 Vv RI=1Q, RL=7.7Q, RIS=1kQ, RIN=2kQ, RSEN=2k(2,
v TH) RGND=1002, td=400ms
HAER I Self limited A
F#FAE% (DC) Pb 2.16 W | Ta=85°C,
Device on 50mmx50mmx1.5mm epoxy PCB FR4 with
6 cm? of 70 um copper area
IN ¥7-FEE EH ViN -2~16 Vv DC
RIN=2kQ
-16 At reverse battery condition, t<2min,
RIN=2kQ, RSEN=2kQ
IN ¥mFEREH Iin 10 mA | DC
IS in FEEERK Vis VCC \Y DC
RIS=1kQ
-16 V At reverse battery condition, t<2min,
RL=7.7Q, RIS=1kQ
IS i FEiREF lis(Rev) -30 mA | Atreverse battery condition, t<2min,
RL=7.7Q2
SEN inFEEE Vsen -2~16 v DC
RSEN=2kQ
-16 At reverse battery condition, t<2min
RIN=2kQ, RSEN=2kQ
SEN i FEiREI Isen 10 mA | DC
ERRE Tch -40 to +150 °C
RERE Tstg -55 to +150 °C
ESD it £ VEsD 2000 \% HBM AEC-Q100-002 std. All pin
R=1.5kQ, C=100pF
4000 IEC61000-4-2 std.
R=330Q, C=150pF, VCC, OUT
100nF at VCC and
ouT
200 \% MM AEC-Q100-003 std.
R=0Q, C=200pF
L BfA7EEFAET EAS 15 mJ VCC=13.5V, Tch,start<150°C, RL=7.7Q
RILF—(BEF)
L BfA7EEFAET EAR 13 mJ VCC=13.5V, Tch,start=85°C, RL=7.7Q

RILF—(EHE)

(] 2THOEERTEMBICGNDIHFEELLYET,
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3.4 RMEHRFE

1HH Hik=1 Min Typ Max B S
K Rth(ch-a) 30 °C/W | JEDEC JESD51-2, -5, -7 on FR4 2s2p
board
Rth(ch-c) 1.0 °CIW | EF ¥R
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5 BRARE

Operation function

FRIZHEED 2R Y | Tch=-40 to 150°C, Vee=7 to 18V
IEH Eiass Min Typ Max | HifI &
EFEIL & Vce 4.5 28 \Y Vin=4.5V
RL=7.7Q
EEER(1ch) leND 2.2 4 mA Vin=4.5V
HAY—oEiR(1ch) ILoff) 0.5 pA | Tch=25°C VCC=13.5V,
VIN=0V,
VSEN=0V,
3 Tch=-40~125°C VIS=0V,
VOUT=0V,
VGND=0V
RN ER loc(of) 0.7 uA | Tch=25°C VCC=13.5V,
VIN=0V,
VSEN=0V,
4 Tch=-40~85°C VIS=0V,
VOUT=0V,
VGND=0V
ON E# Ron 70 mQ | Tch=25°C, IL=1.8A
180 Tch=150°C, IL=1.8A
INIHFFA—LARNILAAEE | Vi 0.8 \Y%
INIGF/NA LRILAZBIE | Vi 25 \Y%
INMGFO—LARILAAER | I 2 25 pA | VIN=0.8V
IN 3iF /A LRJILAAER | In 2 25 pA | VIN=2.5V
INHFI S TERY Vazin 5 6 \Y
SENFFHA—LANIILAAEE | Vsene 0.8 \Y%
SEN #iF /N1 LRJILARERE | Vsenn 2.5 \Y
SEN#HFHA—LARNJLAAER | Isen 2 25 pA | VSEN=0.8V
SEN #F/ A I/’\)I/)UJ Eim | Isenn 2 25 pA | VSEN=2.5V
SEN#HFI SV TERE VzseN 5 6 \Y,
EERETENRLE Veeuy) 45 \Y
BEEREXEIRELME Veecpr) 5.0 \Y
A— 7 UB5ME ton 200 us | VCC=13.5V, RL=7.7Q
A— A R IERSRH td(on) 100 us
B—2F ThFH toff 200 us
2 — 7 7 BIERRE td(off) 150 us
T UBR)IL—L—t dV/dton 1.5 Vius
OB IL—L—k -dV/dtoff 15 | Vs
ARALYFUTEY TR ton-toff -50 +50 us Vce = 9 to 18V drift from Vcc=13.5V,
Tch=-40 to 150°C drift from Tch=25°C
ton; Vout=Vcc-1.5V after input signal active
A—F UBFEL Y Eon 0.1 0.2 mJ | VCC=13.5V,Tch=25°C, RL=7.7Q
A—F JBFEL Y Eoff 0.1 0.2
BEEBHAED Dr(capa) | 450 mQ | Tch=25°C, VCC=8 to 16V
550 Tch=105°C, VCC=8 to 16V
(X] 2THETHTEMEIZCGND HFRELBLYET,

()

1) an+1%nl.T:IEE EEUﬁ%(-nT%ﬁLT&BUiﬁ/\;
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Protection function

FRIZHRE DR WRY | Tch=-40 to 150°C, Vee=7 to 18V

1HH Ha=s Min Typ Max | Hifi ESs

BEREHE IL(SC) 13 22 A VCC=13.5V, Von=8V, Tch=25°C
ND)—) 25— 3> IL(CL) 11 A VCC=13.5V

EERERGIRME

H—<TIL FTILENERE IL(TT) 5 A VCC=13.5V

ERHIRE

EUORERBEAVEZ Von(CL1) 2.0 \% VCC=13.5V

LELME

A UBRERGIREERMRE Von(CL2) 0.8 \Y VCC=13.5V

~JAERE

H—<IL T IVEREE aTth 150 °C

=TI T ILEREE aTth,hys 20 °C

EXTUIR

ND)—) 25— 3> dTth 60 °C

ERTREE

ND)—) 25— 3> dTth,restart 30 °C

BiREEE

LEFA IBHEAY 5> F | Vonclamp 30 40 Vv VCC=13.5V, IL=40mA, Tch=25°C
EE

GND B=BHENER IL(GND) 1 mA | 1IN=0A, ISEN=0A, IGND=0A, 1I1S=0A
Ny T HERHADERE Vds(rev) 0.9 Vv Tch=25°C VCC=-13.5V,

0.7 Tch=150°C RL=7.7Q

] 2ThOETHRTMEIEIGND i FRELLZY FET,
R07DS1164JJ0200 Rev.2.00 Page 8 of 40

2015.05.22

RENESAS




uPD166030T1K 7—% > — k

3. ¥t

Diagnosis function

BrHRED 72V R Y . Tch=-40 to 150°C, Vee=7 to 18V, VIN=4.5V, VSEN=4.5V

15H k=7 Min Typ Max BAfr ESs
BRtEURL KILIS 1120 1400 1680 IL=1.0A
980 1400 1820 IL=0.2A
BREVALLRY Ik dKILIS -15 15 % | VCC=13.5V, Tch,start=25°C,
RL=7.7Q
U REBRA Ty FER lis,offset 2 pA | IL<10mA
IS #mF 1 —V B lis,dis 1 pA | VIN=0V, VSEN=0V
EEREURER lis,fault 3 9.5 mA | VCC=13.5V, RIS=0.67kQ
35 9 VCC=13.5V, RIS=1kQ
35 5.5 VCC=13.5V, RIS=2kQ
LUREREMENER IL(CSE) 10 45 mA | lIS>5pA
T oBARA— T Uk VOUT(OL) 2.0 5.0 V | VIN=0V, Tch=-40~105°C
BE
BRA—TUoBHEAER IOUT(OL) -1.0 pA | VIN =0V
BREA—TURHEZE | tdop 300 pus | VIN=4.5V to 0V, VOUT>VOUT(OL)
BANEBTILITY#E)
(] 2TCHETHRTEEIIGND HFRELLYETS,
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Diagnosis function

BrHRED 72V R Y . Tch=-40 to 150°C, Vee=7 to 18V, VIN=4.5V, VSEN=4.5V

IHHE

Eiics

Min

Typ

Max

Bfr

b

+ U RERH HRERR
(AAEBILYE)

tsis(on)

250

us

VCC=13.5V, VIN=0V to 4.5V,
IL/NIS=KILIS, RL=7.7Q

U RERE DA THE
(ANEBITYHE)Y

tsis(off)

10

us

VIN=4.5V to 0V

T URERENEERHME
(+ Bt >R Enable 3L E
Y

tssen(on)

20

us

VSEN=0V to 4.5V, RL=7.7Q

U RERENA TERE
(A Bt > X Enable 3L T
Ny

tssen(off)

20

us

VSEN=4.5V to 0V, RL=7.7Q

U RERENREEM
(F UBERESE) "

tsis(LC)

20

us

RL=7.7Q to 3.85Q

BERRHEEERtE Y
A BT B D

tdsc(fault)

10

us

VIN=0V to 4.5V, IL=IL(SC)

AV s s
EFRIRBREERtE U RE
FRH JE IR 1)

tdpl(fault)

10

us

Von>Von(CL1)

NI)—) 25— 8
EERFEEREOXE
FHAF T EIERR D

tdpl(off)

30

us

Von<Von(CL1)

H—<IL LT IVENMERRSE
BEFHt U XEREAH
B

tdot(fault)

10

us

[IS—IIS,fault

FORARA— T VR
KEERKt U XERLEN
ERERFR

tdop(fault)

10

us

VIN=0V, VOUT>VOUT(OL)

ERBtUORERB A
THB(AREBTILTYR)
1)

tdoff(fault)

10

us

VIN=4.5V to OV

(] 2THOEERTEMEIICGNDIHFEELLYETS,
Cx] 1) BREHREDER: ZRIRICHBRLTEYFEA
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3.6 HEEEMEE

3.6.1 FSA/\H}E

AN TFEENVIHEBZ D AN Z—rF LES, ADETFEEN VIL 2 TR & ANz —r
F7LET, AL v g/l RZVIHmin & VILmax OfICH Y, e 2TV 2E2F -85 THY £, INI
FIEEBRR CINE D ENTWET,

VIN
]
1 I 1 | i
Vour ! ' ! !
1 : 1 1
Ve L . i _ Internal ground
1 I 1 :
FF i ON i OFF E ON E
1 I 1 1
0 | i | : . GND
1 1 ' 1
ERBEHEORS vy F UK SUTERDRA Y F T KR
Vin VIN
0 T 0 T S
. | . |
I ' ! I ' !
! 1 ! 1
\ ' ! \ ' !
1 I 1
N : N
! : ! |
! 1 ! 1
Vour ! Vour | !
! 1 ! 1
Ve oL NS . N
! 1 ! !
1 1 ! 1
| | | |
0 : ! 0 ' :
: L ! ! i
Iis | | Iis | i
| ' | I.\ '
! | ! 1
1 1
1 1
()T . [ \_ > t OT ! I t
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AOFDRARERBEDRA v F VT KR

ViN

N

«—
<
(=]
B
3
=
=
=

AT I 77 REIE LA 7RHCOAEEL 3, OUT i 112 L A A8k S RIET,
K= A7 LK OUT S+ EALIZ OVEA FIZE T LET, ZOWE, SWI O47— NENMIL GND ENLIZZ2 D F
T, SWI1 DY —xENr (=71 MOS 47— MNENL) 1E. OUT Ui FBAL OB TIZE, OV L TICET LET,
XS TSWLIEH = AL, 77T A4 —RIiZH/I MOS D7 — MIBEsisih, ¥4Iy o0
7 TR BNAEINIL D £,

VCC S B EENEI S 256, SW1 O 7 — MNENL & Y — R ENITHEIZ GND EM & 72D £9°, SWI
IZ =T, 750 TFEAF— RIFHAIMOS D7 — MBS, 1477 750 7RKIT
B2 0 £8 A,

Resp
INO
Resp
SENO .
ZDESD;E Zf
" Internal ground ouT
GND IS
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3.6.2 BEEFNMEFENE

EIREEICEEESHIN SN S6 . SIEEEIIER Y A 4 — F ZDaz(35V min)IZ

YoTr s o EnR#

SNFET, HHEEICHEI D EIRITAMTT GND I THIBR S E T, Z DRFNES GND 28 %< Z 2Tk v,
ANBEENABITA T7EERHDEN, HAOMOSIZE—r 378 LA 752F—F L, AMErBEEND
PRFELET, VCCHiTIZ Viaddump ZHEZ DBIENEHIIMSNARNE D FEE LTI EE W,

_ | vee
|
N—-ch
AN MOSFET
ZDpz

ouTt
uC Internal ground IPD -
GND 1S -

RGND RIS RL
3.6.3 EEREERA 7REFE
IN %128 High @ & &2, Vee BIED Vee(Uv)% TS L H 1247 LET, Vee BEN Vcc(Cpr)%J:lElé

EHBIMICH IR A LET, Vee(UvHL, VeeCpr)itt 32 £ TldA 7 IREARFFL £3, 4 7 IRHE

REFIRFICIZ IS AT S EHE A,

VIN

0

1L

—pm—————

8

Vce

Vour Vcc(Uv_/l\_

3.6.4 GND F &R

B A GND B #%ﬁ'ﬁéhﬂ\éﬁ(ﬁéf GND 510 GND AL ~DEEEN U S 72 & & VIN OF)
HPREES VIH 2B 2 CWEEAS IR AR 2 — 47 L, VIN OPIEDREEN VIL 2 FEl> TWEEaid4 7

IRz RFFLET,

R07DS1164JJ0200 Rev.2.00
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365 ma— MR#E

BREFA(EFY 3 — MESU)RKICE—2F 2 LI5S

@RI HLEHBMICY Yy b T LET, ISHFTsfault #H D LEST, ABWEHALTYEY b
SINHETUYyy MU UREZRFELET, OEHRETHEBE0IZT v ¥ U2 L, dTch,restart <
deltaTth £ 725 L BEEIR L9, O IIEFIT IL(CL)TiEA <. HJ) MOS OfiafndEdit CTHIFE S v
T, &I LBV Yy ¥ YU LET, b=V N AE—RRTHOAERLET, XU—VU 3
T—a VEWER, —~ L N ZVENMESR, ISHE i Lisfault 2 LET, BELEICED VY vy ATV
HOAAL v Frra Ak ybyaembid s e ERIL ILTT) Tld7e < ILICL)IZ CERHIBEEZ LE 7,

(a) IL > IL(SC)
(b) deltaTch > dTth
(c) Tch > aTth

HAX RERISBER(AR Y 3 — MRESO)KENRE LI5S

—J Von < Von(CL2) & 72 > 722 T (&2 T 5 & BEIIC AU —Y I 7 —a VEIfEL 7, ()&
THEHBZ Yy FE YL, A=) I F—va - FTHORERLET, ©O2HRHT 5 L I
vy vy b LET, Y=~V LE—RTHOERLET, U=V IF7—a VEER, h—
Jb N ZOVEMEF, IS Y713 Tis,fault &2 H ) L E 9,

(a) Von > Von(CL2)
(b) deltaTch > dTth
(c) Tch > aTth

ND—)2T7—23a Bk

deltaTch>dTth i HHIZ L 23 v v FE T b0 B CAEIHRFIC ILCL)IZ CTERMHIREME L £4, ISiHFIX
N —1U 27— 3 VEIERE)D Von>Von(CL1KFIZ Tis,fault % /) L £ 7, deltaTch > dTth fRHiIZ L 5+
/%&W/#6®Eaﬁﬁﬁ IZBWThH, Ay a— b Y E—=F U AFEMEIZ L 5T, Von<Von(CL2) & 72
LA, ILCL)IC L D ERHEIREEEZ LEE A, ZOEA, NU—UIF7— a2k b b7 r@EifEdic
BNTISHTIE, ﬂ‘/«{kﬁb NI AR, A7 IREE T lisfault Z 1 ) L E T,

H—<IL FTILEME

Teh>aTthiRHICE D2 v > F AT 26 OB CARIFIFIC ILTTIC CTEIHIRENE L E 3, IS imFIEH—
~ /v~ ZVENER 3D Von>Von(CL1)FIZ Tis,fault 2 /) L £, Tch>aTthic k53 vy hF T b
D H A8 fﬁﬁéf BWTH, A a— b U E—=F U AL L 5T, Von<Von(CL2) & 72 25613
IL(TT)IZ mﬁ@@%%biﬁho:®%é Y=< R 7LD NI VEEFL kwfm%%m
F U REE :}:‘IZ/X?E(ML A 7 WRBE T Lis, fault ZH 1 L £ 9,

delta Tch

N7 —MOS I EEE S AL IREE R o & HIBERIC R E S VIR Y O M O BES IR O IR
=TT,
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3.6.6 A IRETOHERBEEHFDENE
HIJ1A P RBERE(VIN>VIH)IZ . Vout>Veet03VIZ b &, x> v v NE U T H5ERH 0 £,
Yy NE D UIgA . IS b1 Tisfault 3 U&7,
U AL — MPRRBERGEIT, lsfault ZH LAYy FLTLS7EE0,

/ ‘
A 4
Vcc vCC Irev
—
IN ouT
>VIH
| VIN SEN IS
>\/SENH 1\ G,'\j\D Vout
—— Ris |Vis
VSEN
L . @

VIN

VsE

v

Vout

v

N M
N

lout
0 >
Irev
V'ST lis fault
I I | -
0 »
t
R07DS1164JJ0200 Rev.2.00 Page 15 of 40

2015.05.22 RENESAS



uPD166030T1K 7—4& & — k 3. it

REBBTO—F v— k

IN -> High Input

— O

Thermal Tes
Tch > Tth
Shutdown by latch No
Yes
Von < Von(CL1 Over current

Shutdown

o

0

Yes |
IL(lim)=IL(TT)
Thermal Yes [
Input
Return
(®) -

Current limitation

Von < Von(CL2

dTch > dTth
Thermal Thermal No
Shutdown
IL(lim)=IL(CL)
0
Yes Input
No
Over current Yes

IN= Low> IL(lim)=IL(CL)
(6]
Yes

| Input
L]

Von=Von(NL)

IL > IL(NL)

Shutting down

Yes

Yes Turn-on

® [ ]

IL(lim) initial value is power MOSFET saturation current.
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BEFERY I — MESO)BICI—2F U LSS

(a) IL > IL(SC)
[
IN $ High Inppt
\ 4 0 >
u Yes
Tch > Tth
Shutdown by latch No
Over current Yes
Shutdown

Yes [
IL(lim)=IL(TT)

Thermal |

Input

L ]

Current limitation

Von < Von(CL2

dTch > dTth

Thermal Thermal

Shutdown

No

Over current Yes
E IL(lim)=IL(CL)

| Input

Von=Von(NL)

IL(lim)=IL(CL)

IL > IL(NL)

Yes == Before over current detection

;@ == After over current detection
== Exit from off-latch
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BER(ERY 3 — MEED)RFITY—2F 2 LI5S
(b) deltaTch > dTth

Turn-on Over current Thermal

[ [
IN $ High Thppt
\ 4 o S
Yes
Tch > Tth
Shutdown by latch No
Over current Yes
Shutdown
Yes [
No IL(lim)=IL(TT)
Thermal

Yes v [
[ Reum | -
Return
\4
—b—

Current limitation

\1, A

Thermal Thermal

dTch > dTth

No

Yes
--

Shptdown
IL(lim)=IL(CL)
)
Yes Input 9
No

Over current | Yes
3 IL(lim)=IL(CL)
o
P
¢ Yes
| Input
Input Return I
<€

Von=Von(NL)

IL > IL(NL)

Yes =3 Before dTcht detection
;@ === During shutdowning by dTth detection
=== During current limit by saturation current

=3 Exit from current limitation control
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BEFEFTY 3 — MEBEU)RICI—2F U L=EE
(c) Tch > aTth

Turn-on Over current Thermal

I I
IN $ High — Thppt
—=—0 :

Yes
Shutdown by latch
Over current

Shliltdown

Yes \u
No IL(lim)=IL(TT)

Thermal Yes Vi Al
Inpit

Current limitation

v

Thermal Thermal

dTch > dTth

Shutdown

IL(lim)=IL(CL)

Yes Input

Over current Yes
- IL(lim)=IL(CL)
0

¢ Yes
| Input

Von=Von(NL)

No

IL > IL(NL)

Yes = Before aTcht detection

;@ === During shutdowning by aTth detection
% During current limitation control

=3 Exit from power limitation control
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HAZ RERISBER(RR Y 3 — MRESO)KENARE LI5S

(a) Von > Von(CL) with weak short condition

Turn-on Over current Thermal

I I
IN $ High 3 Thppt
—<—0 &

. Yes
Shutdown by latch
Over current

Shutdown

[

No IL(lim)=IL(TT)
Yo w¥ |
Input
A Return

Current limitation

v |V

Thermal Thermal

v

IL(lim)=IL(CL)

Yes Input

Over current | Yes
é
0

No

IL(lim)=IL(CL)
P —

Yes
| In|
put
Input Return WV
Y |

IL > IL(NL)

Von=Von(NL)

>
Yes =3 Before Von(CL) detection after turn on
;@ = After Von(CL) detection
=== During shutdowning by dTth detection

=== During current limitation control

=3 Exit from power limitation control
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HAOZF VRERICBAEFMARTY 3 — MESU)VRENRLEL-BE
(a) Von > Von(CL) with dead condition

Turn-on Over current Thermal
| |
IN $ High Inppt

Y——O

i

>
¢ ~ Yes
Tch > Tth
Shutdown by latch No
Over current ¢ Yes
Shutdown
[
(o) IL(lim)=IL(TT)
¢ Yes v [
Input
A
—b—

Current limitation

v

Thermal Thermal

" Shutdown

IL(lim)=IL(CL)

¢ Yes Input
No

Over current Yes

7

IL(lim)=IL(CL)

o

€s

I
Input

Y |

IL > IL(NL)

Input

Return I vv

o

Von=Von(NL)

>

Yes =3 Before Von(CL) detection after turn on

;@ = After Von(CL) detection
== After over current detection @

=3 Exit from power limitation control

R07DS1164JJ0200 Rev.2.00 Page 21 of 40
2015.05.22 RENESAS



uPD166030T1K 7—% > — k
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HAZ RERISBER(RR Y 3 — MRESO)KENARE LI5S

(b) deltaTch > dTth

Turn-on

IN $ High

—

Thermal
Inppt

Over current

Tch > Tth
Shutdown by latch No
Yes

Shutdown
[
No IL(lim)=IL(TT)

Yes v [

Input

L]

Y

Current limitation

(0]

N
Yes

Thermal Thermal
IL(lim)=IL(CL)
Yes

’

Over current

Shptdown
)
—
Input
No

IL > IL(NL)

| Yes

IL(lim)=IL(CL)

Input

P
Input

Yes
¢é> Return
) i— \/

Von=Von(NL)

Shutting down

>

(9

== Before dTth detection after turn on

== During shutdowning by dTth detection @

== Exit from thermal protection control
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HAOZF VRERICBAEFMARTY 3 — MESU)VRENRLEL-BE
(c) Tch > aTth

Turn-on Over current Thermal
[

IN $ High — Inppt
—<—20 :

Yes
Shutdown by latch
Over current 4
Shutdown
¥
No IL(lim)=IL(TT)

Yes v o]

<
V' ® 1

\4

Current limitation

Thermal Thermal

Shutdown

IL(licg)=IL(CL)

Yes Input

Over current Yes
- IL(lim)=IL(CL)
0

¢ Yes
| Input
L ]

Y |

IL > IL(NL)

No

Von=Von(NL)

Shutting down

>

Yes =3 Before aTth detection after turn on

During shutdowning by aTth detection
g g by

% Exit from thermal protection control

Turn-on

C
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3.6.7 BEHAERFEDOA IR G EHEEEDENE
g A7 (K HH )RR IRFIZ KILIS KEEE[A) LoD 70 A R 2 HilfH - 2 #RE 2 N L TV E T,

EE . Von(VCC-OUT)IE IL IZkefil L £ 7728, IL<IL(NL)Z72 5 &L 9 72 A SeF T Cli,
Von=Von(NL)=30mV(typ)iZ72 5 L 9. o WHiAERKEL T2 L9 2fliHZ2IT0VE T,

A

Von

Von(NL)

v

IL(NL) IL
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3. ¥t

3.6.8 T2t

BEE{ER
SEN ##F A% H A IS imFH A 2

. H H VCC IIS = IL/KILIS
BEEME —

L L" <1pA (lis,dis)
BERRHICE H LM lis,fault 3)
5%y bEY ] o
y L L" <1uA (lis,dis)

IIS = IL/KILIS in case of Von<Von(CL1)
_ VOouT® ) )

INT—1) 27— H lis,fault 4 in case of Von>Von(CL1)
»av L lis fault 9

L L <1pA (lis,dis)

§ VOUT® :-IS: I:;/SPEII._AS in casfei/ol\:i)/n;VgEECU)
B2l RS !s, au in case of Von>Von( )

L lis, fault

L L <1pA (lis,dis)
VCC-OUT ¥ 3— H VCC < 2uA (lis,offset)
b L VOUT?" lis,fault in case of VOUT>VOUT(OL)
amnt—7> H VCC <.2uA '(Ils,offset)

L VOUT? lis,fault in case of VOUT>VOUT(OL)
X8 L X8 X8 <1pA (lis,dis)

1) OUT i 2NAfFE T GND BALICEERE SN TV DA

2) IS Ui MR C GND BALIC B STV DA

3) INMGEICL D Uty M2 5 E T IS U1 Lis,fault 2 fRFF

4) NU—UI7— 3 ¥, Von>Von(CL1) TH VX IS b 11X Tis,fault & FREF
5) H—=/L k7L Von>Von(CL1) T AU IS s 113 Iis, fault & {fFF

6) VOUT [ZAMY a— h v B —& v RITKLF
7) VOUT (% VCC-OUT-GND DOHEHTRSY FE IR A,

8) Don’t care
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T UREREAN

HIZTEICHH L= ERZ IS b LET, EWEMRL Y SO ERSE Tl A&
T LES, EFEEIREL D DR VIRWGS, TR IL(CSE) max LA ECTIXEE A2 S5pA KV
REL RV EF, HEFD IL(CSE)min UL T TIEXER & > A 7123 TIS,offset max Toh 5 2uA L VKL 72D
iﬁdo

lis ’F lis ’F

Kiuis=IL/lis
S5pA

2uA
L 1S, offset J:

EEBtURER

WERE, U=V 75— g, —</b hIOVEMERZ E R RIER H R IS S5 11X 1S, fault(E 7B
A LET, 1S,fault 1% RISS1IkQO S CTHUE S 4vE 3, 1IS,fault % VCC-VIS EIEITKAF L CHIE L E
97, 1S, fault 7 OEMERIX RIS R HIEAF LET, Bl ZIE, RISSIKQSEMATIE, IS, fault iX 3.5mA~9mA,
VCC-VIS IZ 4.5V~10V, VCC=13.5V £ 9% & VISIZOV~3.5V & 721 £9, RIS 1kQL D KE WA,
I1S,fault & U CIIHMME D /NS <72 923, VISEEDEES & LT RISSIKQFEMA LV H KEWEE
L FET,

IS fault
/
1kQ load line :[
VCC O VCC-VIS
omA VCC
IS Q———
3.5mA GND
£\
VIS RIS
VCCVIS
VCC-VIS VIS
VCC
R07DS1164JJ0200 Rev.2.00 Page 26 of 40

2015.05.22 RENESAS



pPD166030T1K T—4% & — k 3. 45
U RAERE HRERME
VIN
VSEN
N
Vour tsis(on) tsis(LC)  sis(LC)
tssen(off) [tssen(on]_ P tsis(off)
<> < ol |77 7 <
1IS
BERBRHBEER - XERH NELERRHE
VIN
VSEN
Over current detection
Vourt
Iis,fault
1IS
tdsc(fault)
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3. FFiE
NID—) 27— 3 VBEREERt U AERL HEERRR
VN
VSEN
Short circuit appear Short circuit disappear
Power limitation |
Vour tdpl(fault) —=>| |<&— tdpl(off)
—| |e—
IS / Tis,fault \
H—T )L M IILEMERRER T o X ERH B ERE

VIN

VSEN
Short circuit appear Power Short circuit disappefar
imitation Thermal toggling |
Vour tdpl(fault) —=>| |€— / \ / \ tdpl(bff)
= <€
/ Tis. fault
IS /
tsis(ofg
<
R07DS1164JJ0200 Rev.2.00 Page 28 of 40

2015.05.22

RENESAS



uPD166030T1K 7—% > — k

3. ¥t

AR —T UBRHEERRt O XAERT HEERM

ViN
VSEN
Open load conditipn appear
Open load detection Open load detection
Vour
Iis,fault
— < —
tdop tdop(fault)
Iis,offset Iis,dis
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3.6.9 ominal Load

Product Nominal Load
NHQO070C 7.7Q

3.6.10 MIBEE

BRI BITANOBPIECG ViGN E L TRESNE T, BERBHAEITANEIRELLT &
2B EOREFS N TV ET, EAERE — 7 E) 5 HE X5 A ORPUE N AMBREI R OB EM XL v K
L, BABRZBERE L THRHETAZENRNWZ EZERLTCWET, FFIckoTINU—1 3
T—TarIET A ERNH Y 9, EABIE — 7 EH O HE S 1025 B O HCHUE Y B e BRENR 8 O JHLE
fELYKZFHIE, U=V 35— 3 VEIEIL 30ms LPICHERR SV E T, AEHEI AT EREN 2 B2/
THHEPIANE DCEFEITE 52 LEBERL WL LD TIEH Y THA,

/ VIN /
IL [A]
IL(SC) characteristics
_—
t
30
i IL(SC) specified point .
1
! NHQO070C: 13A ﬂ
P
8 13.5 Von[V] t
Driving Capability: 30ms
NHQO070C:450mQ
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3.6.11 BIEEH

OUT IHFRA v F T RIEEH

VIN

Vour

ton

td(on)

—/

toff

7 90%
70%
l——— dV/dton
30%
10%

70%
-dV/dtoff ——
30%

10%
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3.7 Sz TiER

24-pin Power HSSOP

138“*'0.’_5 EOSD
nnonnnonaonn |
| ] 1
o ! - =
| o-———opi 1,
) | 11 L IR
O ! B B ] T e e
b l @, i
TR oo d
lp.‘lifﬂl'] E
FAREIIN
: |
|
gL | \ JJ o Lki
n = T [} ) .
N ) o 0 i
5 e | 23|
ﬁ\ k%g% . B
S ~Hu4ee

|
Q00O0N0AN00D ~

Note

|
i
[
‘_ - - = 1) Excluding resin burr
I 1 = 2) Stand off

| | i
|
I

TUoTrTroooog

11,1£0.15

11.EMAX,

4,.6MAX,
|
]
]
]
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3.8 T—E 5 H

=0 B S
Draw-out side = =] Draw-out side = =]
—\ [ E —\ E E
5 E g E
g5 __ B = OF
© O O O © 0 O O
E1-TYPE E2-TYPE
3.9 IRENML#HR
166030
#w7V—v—y—|T—0
[ | saorEsx
[ 1 #m=mas
XEGEOVMES OB
Dooon

L HAEEES(
EI-R(¥F217)

BF1H)

Fa-R(¥F217)
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4. ¥R R

4. FrlERER

IGND [mA]

ICC{OFF) [uA]

VIL [V]

Qperating current per channel
VS. Channel TEMPERATURE

Output Leakage current per channel
VS Channel TEMPERATURE

5 5
4.5 45
4 4
35 35
3 3
25 S— ﬁ 2.5
15 = 15
1 1
0.5 0.5 /
0 0 _/
-50 0 50 100 150 200 -50 0 50 100 150 200
Channel Temperature Tch [degreeC] Channel Temperature Tch [degreeC]
Standby current On-state resistance per channel
VS. Channel TEMPERATURE VS. Channel TEMPERATURE
5 200
45 180
4 160
35 140
3 120 e
25 £ 100 //
2 E 80
5
15 € 60
1 /I 40
0.5 20
0 - 0
-50 0 50 100 150 200 -50 0 50 100 150 200
Channel Temperature Tch [degreeC] Channel Temperature Tch [degreeC]
Low level IN pin voltage High level IN pin voltage
VS. Channel TEMPERATURE VS Channel TEMPERATURE
5 5
45 4.5
4 4
35 35
3 3
=
25 T 25
2 = 2
15 15
1 1
0.5 0.5
0 0
-50 0 50 100 150 200 -50 0 50 100 150 200

Channel Temperature Tch [degreeC]

Channel Temperature Tch [degreeC]
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Low level SEN pin voltage
VS. Channel TEMPERATURE

High level SEN pin voltage
VS. Channel TEMPERATURE

5 5
4.5 4.5
4 4
35 35
3 3
Z 25 % 25
z
o2 o 2
@]
> =
15 15
1 1
0.5 0.5
0 0
-50 0 50 100 150 200 -50 0 50 100 150 200
Channel Temperature Tch [degreeC] Channel Temperature Tch [degreeC]
Low level IN pin current High level IN pin current
VS. Channel TEMPERATURE VS. Channel TEMPERATURE
20 20
18 18
16 16
14 14
—
3 10 3 10 ~—
- L
4 4
2 2
0 0
-50 0 50 100 150 200 -50 0 50 100 150 200
Channel Temperature Tch [degreeC] Channel Temperature Tch [degreeC]
High level IN pin current High level SEN pin current
VS. Channel TEMPERATURE VS. Channel TEMPERATURE
20 20
18 18
16 16
14 14
2 e — ] 12—
ERRT) ] 3 10 A
L z
- 8 5 ¢
(0]
] 6
4 4
2 2
0 0
-50 0 50 100 150 200 -50 0 50 100 150 200

Channel Temperature Tch [degreeC]

Channel Temperature Tch [degreeC]
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Under voltage shutdown
VS. Channel TEMPERATURE

Under voltage shutdown
VS Channel TEMPERATURE

10 10
9 9
8 8
7 7
6 6
2 5 2 5
g 4 g 4
> 3 > 3
2 2
1 1
0 0
-50 0 50 100 150 200 -50 0 50 100 150 200
Channel Temperature Tch [degreeC] Channel Temperature Tch [degreeC]
Turn on time Turn on delay time
VS. Channel TEMPERATURE VS. Channel TEMPERATURE
200 100
180 90
160 80
140 70
120 60
o o
= 100 = 50
5 c —
= 80 o 40 —
B ]
60 o —— 30 —
40 20
20 10
0 0
-50 0 50 100 150 200 -50 0 50 100 150 200
Channel Temperature Tch [degreeC] Channel Temperature Tch [degreeC]
Turn off time Turn off delay time
VS. Channel TEMPERATURE VS. Channel TEMPERATURE
200 100
180 90
160 80
140 70
120 60
5 100 2 50 //
2 g ] S 40
B et
IO S 30
40 20
20 10
0 0
-50 0 50 100 150 200 -50 0 50 100 150 200

Channel Temperature Tch [degreeC]

Channel Temperature Tch [degreeC]
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Slew rate on Slew rate off
VS. Channel TEMPERATURE VS. Channel TEMPERATURE
16 1.6
1.4 14
1.2 1.2
10 \ 1
g 038 — g 0.8
S 06 % 06
o -—-——
= = ——
<04 04 ———
02 0.2
0.0 0
-50 0 50 100 150 200 -50 0 50 100 150 200
Channel Temperature Tch [degreeC] Channel Temperature Tch [degreeC]
Turn on energy loss Turn off energy loss
VS. Channel TEMPERATURE VS Channel TEMPERATURE
0.6 06
0.5 05
04 04
= =
E 03 E 03
C =
o o
| |
0.2 0.2
0.1 01
0 0
-50 0 50 100 150 200 -50 0 50 100 150 200
Channel Temperature Tch [degreeC] Channel Temperature Tch [degreeC]
Over current detection current Output clamp at inductive load switch off
VS. Channel TEMPERATURE VS. Channel TEMPERATURE
100 50
90 45
80 40
70 35
60 30
< 50 2 2
2 £
2]
I 40 L(g 20
cC
30 S 15
=
H_-H“
20 ——— 10
10 5
0 0
-50 0 50 100 150 200 -50 0 50 100 150 200
Channel Temperature Tch [degreeC] Channel Temperature Tch [degreeC]
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Senese current offset current Sense current under fault condition
VS. Channel TEMPERATURE VS. Channel TEMPERATURE
1 10
09 9
0.8 8
0.7 7
0.6 6 -.-""--....--.___
S 05 E s
£ 04 3 4
o ~
£ 03 2 3
02 2
0.1 1
0 4==—/ 0
-50 0 50 100 150 200 -50 0 50 100 150 200
Channel Temperature Tch [degreeC] Channel Temperature Tch [degreeC]
Open load detection threshold at off-state
VS. Channel TEMPERATURE
10
9
8
7
[
Z 5
=
0 4
3 3
= —
2
1
0
-50 0 50 100 150 200

Channel Temperature Tch [degreeC]
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5. BERER T

TRANSIENT THERMAL RESISTANCE vs. PULSE WIDTH

100 L 1T LTI | LTI | |
HHHHH—
. Rt Rth(ch-a)=30degree C/W
% et
g I e
o LT
(7] -
= 10 One channel ON a"' -"/
_C
[id
E | . v
7z l o
& et
= d ’_..----""""- Four channels ON
= 1 o~
o
-
'_
€
Qo
wn
[
o
'_
01
0.0001 0.001 0.01 01 1 10 100 1000
Pulse width (s)
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6. 7TV r— 3 UHl

Limp Ho'rpe Circuit To 14V Battery
A . - o >
’ \ B \\ »
To 5V ! Y ; N
. > : | 100nF == g \
1 ]
1 /o i/
O i ' O ! | Open Load in
VDD \ | Vee ! | OFF State Circuit
\ R_L I |
RN ; . !
Port C - ! ) IN \ I
~_.” v h
- \\ 7
out O g ——+ >
~-” To Load
—— 100nF
RSEN
Port ¢ 1 Q) SEN
Microcontroller IPD
RAN
Analog Input C ) IS
RIS
GND GND
o A
-J -
] GND I
Network
To Ground - -[ - To Ground
. . . > >

Ll

RIN, RSEN, RAN O#HUEIL 2k~50kQAEHELEWN - LET, U 7R —AalEE23EdT 5854, R L O
& i4kQ€’T’$’HU‘7ﬁLi'§“ BEL~A a2 ~DFIVALERZZE L RINDEZEREL T &N,

HBM (it & D BB 7034 OUT S+ & Ground O RIZIRFLEINA AR T, EHUEIT 100kQZ HELE U
7= LET,

*GND Network 22451

V_loaddump < 35V D54 35V <V_loaddump <42V Oi5H
Vbat Vbat

O O

VCC VCC
O O
RGND

ANy T U EERRICRT S, R E~ 0 Ry T ) R I 38 1T D HiAE [E] S~ oD
WREPI LD T2 IMTT 2 A F— D WA DT, v— K& TREO il
RIEZHELE L £, [EfE ﬁﬁ/ﬁﬂ‘ RIZHAL 2 TR 2 il R4

BI2IC, ARG & UNC ¥ A 4 — F
DRELHS L ET, SR 22
fEIE 100Q T,

Ny TYBEROBERERZHILET 2FFARNREBHINDGAREF A4+ — FIIFETT,
M FEAA— KD VFIENKZWEEIZIE, ¥4 A4 — FELFIZ KQBREDIEREZFERT S
CEEHRLET,
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