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OSCM 3 22 VCOM
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INB1 10 15 NC
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TOSHIBA 1%3( TB67S141NG

TB67S141 J5 5 &
INA1 i : OUTA+
INA2 | HRAERIF B Ach Ach :
: Pt A il ouT , OUTA-
PHASEA ! Kz Nch X2 : RSGNDA
L sl RS #M |
VREF [X—{ VREF SR BRAKE
bl
£yl STBY
oscM X—— w# osc
S xoall]
ww X »|  POR [ (TSD/ISD) PJ ERR
vee X— vece Es B TSD DJ ALm
i FkEf ] RS i X veom
PHASEB | Bch Bch i ouTe*
INBA : AR i | out i ouTB-
: 5 B 5z Nch X2 ' RSGNDB
INB2 , |

_______________________________________________________

TR H R, T RE 2N BT AL T B P K D e/ L/ R AR A
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VAR oS

B AT B R L A AEPCBIUE ZE b, MBS LT —xi BEAb, B IR 25 18 A

EES L, VM A GND FRERFIAR R, I8 G5 i i 51 B 2 ol A R i e B e 3 A ZE ISR B, R B K AR
FAN, BRI AR B A R vt S Sty 3, R E I IR 5 I(VM, RSGND, OUT, GND) ) LAF Rt ks
BIK . FIXLEG| AR IR, SR TR R B AR

ARG M A BUE R R . BN, 23 E R RIS % IC /9 AR FIALUR T HUE FLIA T H5
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TOSHIBA TB67S141NG
5 R
TB67S141NG (SDIP24)
51 %5 1 —24
el PR 54k Brikifa
1 VCC WS VCC Ao a5 s i 51 i
2 VREF ELIAE R AE 1L 51 R
3 0OSCM Iit] 7€ S T [ 50 B 51 A
4 ERR BRI S A5 S SR
5 ALM PR i 5
6 PHASEA | Ach Byt s & 5|
7 PHASEB Beh iyl Ar 5 E 5|
8 INA1 Ach HLIi % E 1
9 INA2 Ach HLJi 1% E 2
10 INB1 Beh I HE 1
11 INB2 Bch HLITILHE 2
12 STBY ALz 51 I
13 BRAKE il S 51 I
14 GND Feth 5
15 NC ESYEs7
16 OUTA+ k%t A+ 5L
17 RSGNDA | Ach HL il #2zth 5] i
18 OUTA- skt AT
19 OUTB- skt B-51
20 RSGNDB | Bch s Azt 5] i
21 OUTB+ ik B+
22 VCOM FL3d 51 i
23 GND et 5]
24 VM VM HLJ5 5]
VE:
-IEAZAE NC 51N EEI%.
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TOSHIBA 1%3( TB67S141NG

N/ SRR
ElV B N/ K SRR
PHASEA - 1KQ
B
PHASEB ey X V\/\/"—[>O—
INA1 4R\ (VIH/VIL)
INA2 L g
INB1 VIH: 2.0V(min)~5.5V(max) A = %
INB2 VIL : 0V(min)~0.8V(max) -
STBY
BRAKE Gno X e
B
X
E i
RR B (VOH/VOL) i
ALM (47 B A 10k ~ 100kQ) F
GND
vee X
VCC F
vce 4.75V(min) ~ 5.0V(typ.) ~ 5.25V(max) 1kQ
VREF
VREF i\ HETE
VREF 0V ~ 4.0V (fH iz H)
VCC g (EmizEdl: 3<im)
GND
1kQ
OSCM
OSCM MR E(S%) % I_
0SCM 0.82MHz(min)~3.2MHz(typ.)~8.2MHz(max) §
(R_OSCM=3.9k Q~10k Q~39k Q) |_
GND
VCOM
OUT A+ OUT(+)3l X OUT(-)51 i
OUT A- VM LAEHEHE 1
OUT B+ 10V(min) ~ 40V(max) --b-e-je---
OUT B- _ -
RSGNDA OUT 3l jidi & . T T -
RSGNDB 10V(min) ~ 80V(max) - -
VCOM ’ !
é RSGND

H TR AR, T R T 5 P P B L 8 0
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TOSHIBA 1%3( TB67S141NG

TB67S141 ThAEE i

L HAE R HURAS A VM iR OUT+ES, HLHE € MO TR (OUT+Il MOSFET JF/), R A BARE N VM s OUT-
I, R E O (OUT-M) MOSFET JT ).

W PERNERTE
[425]
Ach Bch
EHES MOSFET ZERi EHES MOSFET HLI
PHASEA | INA1 | INA2 | OUTA+ | OUTA- | IOUT(A) | PHASEB | INB1 | INB2 | OUTB+ | OUTB- | IOUT(B)
H H H ON OFF +100% H H H ON OFF +100%
L H H OFF ON -100% H H H ON OFF +100%
L H H OFF ON -100% L H H OFF ON -100%
H H H ON OFF +100% L H H OFF ON -100%

¥E: KT MOSFETs : X'ON'R, k¥ 51 dE 2%, 2 OFF i, 5IE-FERHI-Z .

PHASEA'
L
INAT O
L
INA2 O
L

+100%
IOUT(A) 0%
-100%

PHASEB"
L
INB1T O
L
INB2 O
L

+100%
IOUT(B) 0%
-100%

H TR H B, T RERTALIN
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TOSHIBA

X

TB67S141NG
(@) 2]
Ach Bch
BiES MOSFET LI PHEY MOSFET HLI

PHASEA | INA1 | INA2 | OUTA+ | OUTA- | IOUT(A) | PHASEB | INB1 | INB2 | OUTB+ | OUTB- | IOUT(B)

H H H ON OFF +100% H H H ON OFF +100%
L 8{H L L OFF OFF 0% H H H ON OFF +100%

L H H OFF ON -100% H H H ON OFF +100%

L H H OFF ON -100% L 8 H L L OFF OFF 0%

L H H OFF ON -100% L H H OFF ON -100%
L 8 H L L OFF OFF 0% L H H OFF ON -100%

H H H ON OFF +100% L H H OFF ON -100%

H H H ON OFF +100% Ll H L L OFF OFF 0%

##: KT MOSFETS :

ON'HY, Skt SR 2o %, 2 OFF i, 5|1 Eox Hi-Z .

PHASEA"
L
INAT O
L
INA2 O
L

+100%

IOUT(A) 0%

-100%

PHASEB"
L
INBI O
L
INB2 O
L

+100%

IOUT(B) 0%

-100%

TR B, TRERIAL PP

2014-10-10




TOSHIBA

X

TB67S141NG
M43z —]
Ach Bch
BHES MOSFET LI PHEY MOSFET HLI
PHASEA | INA1 | INA2 OUTA+ | OUTA- | IOUT(A) | PHASEB | INB1 | INB2 | OUTB+ | OUTB- | IOUT(B)
H H L ON OFF +71% H H L ON OFF +71%
H L H ON OFF +38% H H H ON OFF +100%
L H L L OFF OFF 0% H H H ON OFF +100%
L L H OFF ON -38% H H H ON OFF +100%
L H L OFF ON -71% H H L ON OFF +71%
L H H OFF ON -100% H L H ON OFF +38%
L H H OFF ON -100% L & H L L OFF OFF 0%
L H H OFF ON -100% L L H OFF ON -38%
L H L OFF ON -71% L H L OFF ON -71%
L L H OFF ON -38% L H H OFF ON -100%
L 5t H L L OFF OFF 0% L H H OFF ON -100%
H L H ON OFF +38% L H H OFF ON -100%
H H L ON OFF +71% L H L OFF ON -71%
H H H ON OFF +100% L L H OFF ON -38%
H H H ON OFF +100% L H L L OFF OFF 0%
H H H ON OFF +100% H L H ON OFF +38%
VE: KT MOSFETs : 2'ON'EF, ikt 5l s PR, 2 OFF K, 35]HE 5 RHIi-Z .
H
PHASEA
L
H
INA1
L
H
INA2
L
+100%
+71%
+38%
IOUT(A) 0%
-38%
-71%
-100%
H
PHASEB
L
H
INB1
L
H
INB2
L
+100%
+71%
+38%
IOUT(B) 0%
-38%
-71%
-100%
HF R E B, nlRe R K.
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TOSHIBA 1%3( TB67S141NG

BRAKE B Ih#8
]; OUTA+ OUTA- OUTB- ouTB+
4 ] 4
, vcoMm
L Rl (L EEEEEEE 1
-0 ot e e+ -0t s+
D=R AN = S G h A=
rsoNpA T -- ¢ - e
RSGNDB
I

T AR H R, T RE 2 SE AL RS .

BRAKE YiRe
H il sh =l ON
L HZhHER OFF (IE % 1)

(TEAE 2 H1317); VREF<4.0V)

2 BRAKE BE N &', ALADIRES IoUT
PHASE=L -100%
PHASE=H +100%

E) 3 PHASE {5 57f BRAKE=H W )#t, R, wEEprs. (Bla, 2% PHASE AWMU RN &', ]
F M OUT ()i 2] OUT(+), )

7E) 4 BRAKE W E NN, HAKEHEREN 100%, AE INTFIIN2 A,

vE) OUT+ 1E 78 BUIRZS T8 I L8 8 N +(IE), OUT-FFJa i —(fi).

(FEfEREH]” %A K, VREF-VCC Ei%)

21 BRAKE & N =, Frf 10t MOSFET(OUTA+,A-,B+,B-) JT)H -
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TOSHIBA 1%3( TB67S141NG

#ltn: BRAKE AN BRBEZ KRR
(52 —H217h, BRAKE #R. )

PHASE L\
L
IN1 H
L
IN2 H
L
+100%
+71%

IOUT  *38%
0%

(BRAKE:off) '238%
-71%
-100%

BRAKE f /

+100%

+71%

IoUT  *38%

0%
(BRAKE:on)-38%
-T1%

TR—

-100%

TR E R, ATRERIALI P&

¥£) 2 BRAKE & &N &K, B PHASE fiA#iE. it BEREEEEERN 100%, A8 INTFIN2.

R A ThAE

BCE STBY 5L, (%% B B E MU (SR DDA , 45 25 I A e LA A 0 0 s P JAE 70 92D Zh A - ISD (I 97 ) TS D (4
KHL) IR WEEH STBY Efif.

STBY iRe
H BN OFF(IE# T1E)
L £ ON(KThZ )

STBY & & Kk VM H B E S ISDELIRYTSD(E M) RAKE L.

) £ STBY WE Am/G, WM KIS XE S . Fit, £ STBY WE AM)E 10us, NEHMAZEGES . (2
GOSN BN B A e, WA T RETCIR IR IRIE 5. )
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TOSHIBA 1%3( TB67S141NG

W5 HTEE (ERR RHR)

ERR TR
Hi-Z (*) 1E% T
& ARSI (TSD 5§ 1SD)

(*) ERR 3| iy —Fh T IR IB 85 . o8 7 IERE I ThAE, 3 GHIEH Edr i fiES: ERR 3115 3.3V 8k 5.0V, 7EIE® T1EHT,
5| S Hi-Z( 38 MOSFET:OFF) (4 i), BRE/RmE ), — B NEH7(TSD 5 1SD), 5 P& (P &
MOSFET:ON),

o HriaE VM BEEE A STBY Thig, ERR 5| UK K EWTIE RS (W3 MOSFET:OFF),

YAEH ERR RIBRDIAERS, ERR 51N R

3.3V 5 5V

b

B
(10kQ ~ 100kQ)

X
ERR 3|

ERR &5 4|

[ERR MOSFET]
ON: TSD B ISD sl
OFF:IE# T4k

TR H R, T RE 2 SE AL RS .
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TOSHIBA 1%3( TB67S141NG

BEIHThEe G ALM 45

ALM e
Hi-Z (*) IEH TAE
{iS TR A A

(*) ALM B A —FFiRZE s . A 7 IER R ThRE, 15 (RIE A B B %R ALM 51 3.3V 5k 5.0V. 7EIEH T1EH,
51 ISP Hi-Z(P9 38 MOSFET:OFF) (34 LRl , & SR m B ), — B EANBNREA, 518 P AR (H H MOSFET: ON).

ALM y—FrEEn R Xt . — B2 EIX R ALM A B {E( 120°C £ 15°C), 1A LR R k(M #8 MOSFET:ON) 5 #£%¢
BB ALM RBRBECR MBI E -30°C), 51~ EoR Hi-Z(A # MOSFET:OFF) (24 bz, ek s i)

IAE R ALM S BRTHRER, ALM 5] R AR5

bR
@3vEs5v) i T
v 7 A
ALM 3| :
GND Y vy
90°C(+15°C) 120°C(+15°C)
3.3V 5V
b HLBE
(10kQ ~ 100kQ)
I
ALM B[
ALM 235 4|
[ALM MOSFET]
ON: ALM 3 (&
OFF: [E#T1E
B ALM fRRR R HE

TR H R, AT RERITALIN P AL

TR H R, AT RE RIS SE AL RS .
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TOSHIBA X

TB67S141NG
TB67S141 & &
TE R B E & E
{EBEREH VREF ML .
|IOUT(max)=VREF x 3/4
Bil: HIRIEE 100%, VREF=2.0V: fEBME (WHEER) N UFR.
IOUT = 2.0x3/4=1.5A
NTEBIEFThAE LA, HE#EEER VCC 5 VREF 31 I CRZ{f A e ) .
BeAh, EAE A RS IR A
] 52 o W7 ek R ¥ B
T BB PWM $aih] (04 [ i STt (7], 35K — AT B %R $] OSCM 5| .
R L B (ROSCM) 5 i 7 Wi A) (1) 26 R I R 3R i
(%)
FRHEEL (ROSCM) | [ Wit (e (toff)

3.9kQ 4.1pus

4.7kQ 4.9us

5.6kQ 5.8us

6.8kQ 7.0us

8.2kQ 8.3us

10kQ 10ps

15kQ 15us

18kQ 18us

22kQ 21us

27kQ 26ps

39kQ 37us
() LRI RBEAORERE /SN .
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TOSHIBA 1%3( TB67S141NG

FHY)¥ ] OFF B [A]
_I_ é % Y,
OuT+ OUuT-
5 2 X

S EEE =

RSGND

I L1 00 MOSFET fifiksl [ > M L2 I MOSFET fiicfsf

I

(OUT+ MOSFET)X ONX OFF X ONX OFF 5 OFF

L2 OFF EXWXMFXWXMFXW
(OUT- MOSFET) L

—> K=
L1, L2 FiA Xt i

TR B, RTREMRIAL PR A

24 PHASE 155 MR U 3 i B i DD e B (i i e B st & — AN ), 5 — NS ), @884 OUT+A1 OUT- MOSFET
[FIE TS
N E8 R SR %% (FOSCS=6.4MHz) , V#eh}[A]1%) 3CLK (BFEFRPH %Z; 2% 1+3CLK =4CLK) : KWl A1) 470 ~ 625ns.
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TOSHIBA

X

TB67S141NG

Zaxt B K HUE f (Ta=25°C)
Rtk 55 BUEME A
ik HiE VM(max) 45 \Y
VM-VCOM HiJEZ 4> VDIFF(max) 45 \%
Lkt L VOUT(max) 84 \%
Ly ik H R (108 E) IOUT(max) 3.0 A
P 838 i YR VCC(max) 6.0 \Y

VIN(H)(max) 6.0 %
AR PNCINES

VIN(L)(min) 0.4 %
VREF #i \HL & VREF(max) 6.0 \%
FEIRH 51 HI(ERR,ALM) Hi VOD(max) 6.0 v
i S EI(ERR,ALM) 35\ LT I0D(max) 20 mA
II¥E(SDIP24; X #) PD 1.78 W
TARIREE Topr -20 ~ 85 °C
[[aecalny: 3 Tstr -55~ 150 °C
g5 Tj(max) 150 °C

ER) ANBRBUEE

P PRRE B AN R BUE N — AT T I AR T AU (. ™ S X RE (E -
XA G By, BUABGRL, IR E SR be M A2 1 .
FEAEATHE O, AL 40 e RAUEE AR — A S8l B s o e ORI, 35 o ) Hh s

MBI HRANPUE B, REM SR,
AR 2 IR A R R S AE N I IT A BUE R . 2525 i Seiad (1 H A S I

16
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TOSHIBA

X

TB67S141NG

TAETEE
et e %A BAME | WAME | BRME | B
ik LR VM — 10 — 40 v
Ty ikt L e VOUT — 10 — 80 v
Ty ikt AR (R idAE) IOUT Ta=25°C — 1.0 - A
N B2 R R VvCC — 4.75 5.0 5.25 Y
N VIN(H) R VNI 2.0 — 5.5 \Y

VIN(L) I NG P 0 — 0.8 Y
VREF #ii \ HL % 6] VREF (range) — GND — 5.5 Y
TR 51 R0 e 7 VOD(range) ERR,ALM 7] iy 3.0 — 5.5 v
IR IV NG ER R I0D(range) ERR,ALM 3 fif — — 10 mA
PN IR 5 s 3 Y fOSCM(range) — 820 3200 8200 | kHz
I 5K W7 s [ 51 R tOFF(range) — 5 10 40 us

TV RECRAUE [T 7S 7 R B A B
) P I R RO A

17
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TOSHIBA 1%3( TB67S141NG

HASA 1 (Ta =25°C, VM =24V, BRIEFHFHRE)

Rk 5 MR 2% 1 oME | SUBME | RORME | B
VIH WA (%) " 2.0 — 5.5 \Y
& & —
A I viL | EEERAGIE () &R oo | — | os | v
b RPN =1 N VINHYS) | ZHEAAGIE (%) 100 _ 300 mv
= IIN(H) PN LU i BT (VINSVIH) _ 33 55 pA
I AL A o
AT 1% IIN(L) P B AK HSF(VIN=VIL) _ _ 1 pA
A — —_
M ffuth 5| W=fFg VINSVIL 7 . 0 A
ke FpLAE
. W S =T IEH TR o 1.0 50 mA
SRR ' '
TR R voD(L) | 10D=10mA 0 — 0.5 v
AI0UT1 T ] B LA 2 )
Tk HL I 18 % 4 -5 0 +5 %
(IOUT=1.0A)
Th i v AL e G BE I0UT2 IOUT=1.0A -6 0 +6 %
IR-T8 B VEN IOUT=2.0A 0.9 — 1.5 v
EHE
ik G TR LI Tleak VOUT=80V, #itt MOSFET:OFF — — 1 pA
ikt R RON(D-S) | IOUT=2.0A — 0.25 0.35 0

(ff)

(*): VIN (H)#te SONTESZ T A 0 V iz Bt 5] 2% tH(OUTA , OUTB) R AZE 4 VIN HiE . VIN (L) XONTESZ R
3 BZ T M 51 4 (OUTA, OUTB)RZAEASILA VIN K. VIN (L) 5 VIN (H)Z MEZME, 42 UM S (VIN
(HYS)).
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TOSHIBA 1%3( TB67S141NG

HL S 2 (Ta =25°C, VM = 24 V, BRIESHHE)

itk ae] TR A wOME | WAUE | BOKE | AL
VCC R E# Ik vcC ICC=5.0mA 4.75 5 5.25 \%
VCC FaE 8 FLiR ICC 4.75V=VCC =525V — 2.5 5.0 mA
VREF #i X\ Hfi IREF VREF=2.0V — 0 1.0 pA
ARHUTSD)RHE TjTSD — 140 155 170 °C
(1)
VCC K& HiJE VCCR — 35 4.0 4.5
VM K5 HL R VMR — 7.0 8.0 9.0
T FLIAR I (1SD) B 4 1SD . . 40 5o A
(1#2)

)R THAXHUTSD)
AR E ML IR CIA S TSD B{ER, TSD HLst ko i P ST HL s G AT H = AR o R 7 30 1 9 o P I R P P B 3
DA G R AR R A o
—Hi% TSD st iR, AN 5 ol AR Bl f 5 2hi% VM LR, el B i & B AP UK. % TSD s T
#MIhRe, ATHI AR RGRZE, R A R BGE 7 R 1% A .

T 2)% T if s A (1SD)
ki RAUA BB ES , 1SD LR i P S A R SR AL A Y = A . — ELiZ% ISD R AU, AT BAE A5 5 T BL
G BRE F 2% VM R, Bk B R BRI, iR e 4y, THIEN RO 22, DLk S R AR IR

HS A 3 (Ta =25°C, VM =24 V, BRIERHHE)

Rk 155 M BME | BAME | RKE AL
IN1=H, IN2=H — 100 — %
IN1=H, IN2=L 66 71 76 %
FLIAL LLA5 —
IN1=L, IN2=H 33 38 43 %
INI=L, IN2=L — 0 — %
R HBh %

NIRRT, DI b . BT, BT Sk AN BRI, ik AR IR
ISR IR TC AL W IR RE 0, 2R B LR R A 51 DR P S B I A P o S S LB A R R/ IN B S P S B Sk R T A
o IAZITE I3 A ST 1P Y e BR8P AN A A DA 5 32K s PR Bl 9 T A B 2 A 4 XU o

WMHHRHL(ISD), AARHLTSDREREI

ISD A1 TSD the (04 H 7 5 5 BB BRI (R, AR REGRAE IC 52 %4,

FAEMUE I TAFESMEIE R, s B AT RE R L% T, I ELSE B T A xR L AL T4

IS HL B 5L 4 1 LB AR O (7. 27 ISR SF S R K, S BT 2 DAL BT AR . a8 5 B A 1 SRR
A A

IC2Z2 3%
A R R 7 SR ER 7 B B S i B g, SR AVEGR L.
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TOSHIBA 1%3( TB67S141NG

AC HSHIK (Ta=25°C, VM = 24V, 6.8 mH/5.7 Q)

itk 5 T A wOMAE | OWRME | BOKE | AL

LR DN fPHASE fOSCM=3200kHz — — 400 kHz
tPHASE(twp) | — 50 — — ns
Be/INFRAE ikl 58 P
tPHASE(twn) | — 50 — — ns

#ilt MOSFET JF o4t tr — 50 100 150 ns
(@SNl AN S a)) tf — 50 100 150 ns
it MOSFET JF o041k tpLH(PHASE) | PHASE—OUT 200 700 1200 ns

(PHASE-OUT J3i % []) tpHL(PHASE) | PHASE—OUT 200 700 1200 ns
ABEFDL IR 7 A1 1 1 1) AtBLK il thlank 250 400 550 ns
OSCM %z fOSCM ROSC=10kQ 2720 3200 3680 kHz
OSCS #ii# fOSCS — 5120 6400 7680 kHz
[i] 72 I W I 1) tOFF fOSCM=3.2MHz 8.5 10 11.5 us
i A (1S D) tISD(mask) fOSCS(=6.4MHz)*8clk 1.0 1.25 1.5 us
JFR RIS 1F)
HSHL(TSD) il tTSD(mask) fOSCS(=6.4MHz)*32clk 4.0 5.0 6.0 Js
J Wi 18]
HARZE(ALM) K tALM(mask) | fOSCS(=6.4MHz)*16clk 2.0 2.5 3.0 us
J Wi 1)

AC #AsE P

tPHASE(twn)

[PHASE] 50% |

E tPHASE(twp) |
5 fPHASE 5
—>
tpLH(PHASE) 1 90%
[oUT] 50%

D Pgp

TR H R, AT RERITALIN P
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X

TOSHIBA TB67S141NG
N B B 5]
1 24 -~ o
ol N’ =1 o] =
cs]; D) 23 | S =
J_0.5V

3.3V ; 10k0 3 22 ZD
- 4:_“NL_' 2@

10k Q

A 4 21

10kQ

A 5 20 wl
O > 6 19

)
O > 7 18 _;._24\7
&

O > 8 17 j7
O— —> 9 16 |
O > 10 15
o > 11 14 .
o 5 12 13 |e
O

DAL T L R R AN DR, ANPRAE R BTt

21
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TOSHIBA BEXL

TB67S141NG

#HER~F (A mm) : P-SDIP24-0723-1.78-001

23.0£0.3

24 13
N T Y A N v

1 12

10584 ut

H
: - _ \ x
=+ H
: 1 | B 3
|
| A
| U ok

|
1.721TYP 1.778 0.540.1 m
(FEE: 1.29(g) (typ.))
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TOSHIBA 1%3( TB67S141NG

AR

TrRA
HF AR, AN S0 S, AL

SR E
TR 0, P A 50 B P M e — 5

b B
TR EHG, PTRE LR R

JSLFH R B

ASCAEFR R A 228 o ARG A BB B, A AUEAT AT 1P
AR Z AN R AR e 17 H P O3 51 T 45 T AR AR b AL AT

K R
S B DL T B A B . S RS L A L 8 D 5 4 o R R
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RESTRICTIONS ON PRODUCT USE

Toshiba Corporation, and its subsidiaries and affiliates (collectively "TOSHIBA"), reserve the right to make changes to the information
in this document, and related hardware, software and systems (collectively "Product") without notice.

This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with
TOSHIBA's written permission, reproduction is permissible only if reproduction is without alteration/omission.

Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are
responsible for complying with safety standards and for providing adequate designs and safeguards for their hardware, software and
systems which minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of human life, bodily
injury or damage to property, including data loss or corruption. Before customers use the Product, create designs including the Product,
or incorporate the Product into their own applications, customers must also refer to and comply with (a) the latest versions of all
relevant TOSHIBA information, including without limitation, this document, the specifications, the data sheets and application notes for
Product and the precautions and conditions set forth in the "TOSHIBA Semiconductor Reliability Handbook" and (b) the instructions for
the application with which the Product will be used with or for. Customers are solely responsible for all aspects of their own product
design or applications, including but not limited to (a) determining the appropriateness of the use of this Product in such design or
applications; (b) evaluating and determining the applicability of any information contained in this document, or in charts, diagrams,
programs, algorithms, sample application circuits, or any other referenced documents; and (c) validating all operating parameters for
such designs and applications. TOSHIBA ASSUMES NO LIABILITY FOR CUSTOMERS' PRODUCT DESIGN OR APPLICATIONS.

PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE
EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF WHICH
MAY CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC IMPACT
("UNINTENDED USE"). Except for specific applications as expressly stated in this document, Unintended Use includes, without
limitation, equipment used in nuclear facilities, equipment used in the aerospace industry, medical equipment, equipment used for
automobiles, trains, ships and other transportation, traffic signaling equipment, equipment used to control combustions or explosions,
safety devices, elevators and escalators, devices related to electric power, and equipment used in finance-related fields. IF YOU USE
PRODUCT FOR UNINTENDED USE, TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please contact your
TOSHIBA sales representative.

Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any
applicable laws or regulations.

The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any
infringement of patents or any other intellectual property rights of third parties that may result from the use of Product. No license to
any intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise.

ABSENT AWRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE
FOR PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY
WHATSOEVER, INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR
LOSS, INCLUDING WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND
LOSS OF DATA, AND (2) DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO
SALE, USE OF PRODUCT, OR INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

Do not use or otherwise make available Product or related software or technology for any military purposes, including without limitation,
for the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile technology
products (mass destruction weapons). Product and related software and technology may be controlled under the applicable export
laws and regulations including, without limitation, the Japanese Foreign Exchange and Foreign Trade Law and the U.S. Export
Administration Regulations. Export and re-export of Product or related software or technology are strictly prohibited except in
compliance with all applicable export laws and regulations.

Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of Product.
Please use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances,
including without limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES OR LOSSES
OCCURRING AS A RESULT OF NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS.
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