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TOSHIBA ;38

TB6585AFTG

TOSHIBA Bi-CMOS Integrated Circuit  Silicon Monolithic

TB6585AFTG

BLDC HisH] 3-tH1E5Z i PWM 2Kz %

FAE

o IE5Z PWM IR3)

o UEKAER

o EURBBURAR

o ERTI A

o HRMRMIEHIFA (VRS =0.5V (typ.)

o JEFERKhEH (B Bkyh/HLA 360°)

o LAEfLH i EIER: VM =45 ~ 42V

o BEMLHHIH: Viefout = 4.4 V (typ.), 20 mA (max)
o i HE: IouT = 1.8 A (max), 1.2 A (typ.)

o K FIEA Ron (P-IEIEA N-EIEA) = 0.7 Q (typ.)

TB6585AFTG

QFN48-P-0707-0.50

Weight: QFN48-P-0707-0.50: 0.15 g (typ.)

© 2013 TOSHIBA Corporation 1
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TB6585AFTG

TOSHIBA
3| IR
51 No Gl B ik

7 VM Lk R (VM = 4.5~ 42 V)
8 FG e EE R S| (3 kb A L A)
9 HWM W-HHE/RF SN (-)
10 HWP W-HHERESHIAN (+)
11 S-GND Ehepil
12 0oSsc/C i PWM JR3% 1) s 28 103 2 51
13 OSC/R P PWM =% 1) o B 1R s B2 51 A
15 Vsp HE I
22 TR B 81 7 2R St )5 B 51
24 CW/CCW Tt 75 i S AN
25 RESET Y i ) S A5
26 HVM V-IHERE SN (-)
27 HVP V-HHERE TN (+)
28 HUM U-HHERE ST (-)
29 HUP U-tHERESHIAN (+)
31 ML Bt & S A LAEE R
32 LL BT A A PR A
33 uL R AR b PR A
34 LA LA IEREON (LA N SR YGE [ Bl i A ) T B RG #)
35 v B L A T L
36 LPF PR AR AR R TR S
37 PH W (R R R PR R 3 5L
39 Gout BTSRRI v
46 Gin- TR 35 HL REL R 45 5| I
48 Gin+ LRI TIPN
1 RS RN FEH%EYS RS>05V)
2 P-GND FLJE
3 IR S RS0 L L1 e | B
4 W-HH 4
5 \% \EE TR
6 u U-#H%i

14, 16, 17, 18,

waoara | NG [HEE

43, 44, 45, 47
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TOSHIBA TB6585AF TG
/O SR B
HT RS I, S5 20 e % I T Rt 30 43 4 W B T A
Gl E o (iR=) 110 5% P S H 2 1]
HUP Vre}}ut Vr?fout
HUM _—
HVP 'y x
IACREREE PN HVM o h
#iJE: £ 8 mV (typ.) AN
HWP o
HWM 'y x
777 77
Vrefout
T
TP RER N Vsp 100 O
HATEH: 0 ~ Vrefout 9
3
e
Vrefout
e 77 0 e RN L: 0.8V (max)
H: 2.0 V (min)
L: JBEEF (CW) cwicew S 102 cw/cCcw
H: 35 CcCcw
HEET ) i J5: 200 mV (typ.) =
o
B
Vrefout
s L: 0.8 V (max)
SN H: 2.0 V (min)
L: 3ah— ik RESET WS- 200 mV (¢ 10022 Reset
H: &ir i Je mV (typ.) g
o
SALES: AR 2
P ER TR R IFIZ B
Vrefout
ANERE R AT M, EFZ LL ) GND H
UL 2 Viefout. FIFE, HtIn—A-fzil i & 5
T AR LA 5. LA
HINTE: 0 ~ 4.4 V (Viefout)
0V:0° LA 3.0 V B m USRI, AT A
3.0V: 29° B BIRR 29°.

(5-bit AD ZE#:5%)

18 B BT A mI, LA SIRRZ ORI
B U, LA 51 RAAT DU A1 ke R R A

Lower limit

| j Upper limit

& Automatic-lead
angle control input

2013-09-02
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TOSHIBA TB6585AFTG
5| A 5 110 155 PRS0 E B T
Vrefout
. 100 Q
= i g - Vrefout
e- I FE TR AR
BN Gin- 25dB (max)
(Eﬁﬁﬁ Gin+ Gout A 100 Q
e %) Gout Low: GND Vrefout Gout
i Vrefout — 0.4 V
100 Q Peak-hold
Gin circuitry
Vrefout
W {5 4
LR SHE 5 A ) 154 P 2 T ot L 000
(R 78 PH 100 kQ/0.1 pF PH
Fa52) Sk
100 Q E
Vrefout
%%IH*DJ‘?E%?U*’]‘ RC st (RiELIESS)
100 Q
CRRT fa 01 52 LPE | sl s — A 100 ke (typ.)ié o 6 Ha L. LPF
0.1uF 100 Q E
Vrefout
AT B 2T R
AT PR LL LL=0V ~ 4.4V (Vrefout) LL 100 ©
LL > UL i, LA #[E w3 i LL e .
Vrefout
EET A WAL R R
R F _ BRd uL UL=0V ~4.4V (Viefout)

LL > UL i, LA B e 2 LL R .

100 Q@
uL +—>
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TOSHIBA TB6585AF TG
5| g (iR=) 110 5% P 45 FL I P
Vrefout
HE TAE .
i PER 9 R e
(TEOUN ML L 0.8V (max) 100 O
L: FH FhL G R - 5.0V (max
H: 26 H: 2.0 V (min) g
8
c Vrefout
=z
Bl 3] 10ko
I v
A 1 LT 4t IV =05V ~3.5V (£2 mA (max)) :I>—< W
Gain = 1.2 (typ.)
Vrefout
AL
{3k PN RS ﬁ?ﬁﬁgﬁ 1‘“5 (typ.) X RS Comparator
PTHR P B 4 RS Fik 0.5 V.
(R R AR AR )
——OVM
u . > l
U, V- v | EssEs L Luw
A W-AH % L W louT = 1.2 A (typ.) 1.8 A (max) I;
IR

2013-09-02




TOSHIBA 3’8

TB6585AFTG
HRTBRBUEE (Ta=25°C)
FEAE o) WEE Unit
CER/ VA VM 45 v
LTTDANGERES VIN 4.7 \Y,
it HLR lout 1.8 (FE 1) A
Ihit Pp 3.9 (1 2) w
|'f/':{LIEl{L§ Topr -30 ~ 85 c
A R T e 52 R Bl B R ).
BRGSO ARG Timax = 150°C.
E2: W EWE. (100 mm x 100 mm x t1.5 mm, X{-2)
BT
Pp (W)
45
4
3.5 \
3 \\
2.5 .
2 \
A Y
1.5 ~
~
1 ~
A
0.5 N
N
0 °c
0 25 50 75 100 125 150 12(C)
BRI (100 mm x 100 mm x t1.5 mm, %-2) Rth (j-a) = 32°C/W
TAEVERE (T4 =25°C)
FHAIE g Min Typ. | Max | Unit
FHL IR L VM 4.5 24 42 \%
PR35 A2 B Fosc 4 5 6 MHz
7 2013-09-02
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TOSHIBA TB6585AFTG
HAHFE (Tq = 25°C, VM = 24 V)
HFAE 5 AR %A Min Typ. Max Unit
LU I Eﬁﬁﬁﬁ)ﬁf*” i, — | 7 14 mA
lin (1) Vin=4.4V LA — 22 40
LPNER lin (2) Vin=4.4V VSP — 30 60 pA
lin (3) Vin = 4.4 V RESET, ML, CW/CCW — | 44 80
J;EEET? VCMRH 1.5 — 3.5 \%
T N Vi 50 | — | — | mvpp
R NS VhysH () +4 +8 +12 mV
LTTPANG = linH VCMRH = 2.5V, Hif -1 — 1 pA
High 2.0 — Vi%f_ozm
Vin CW/CCW, RESET, ML
Low 0 — 0.8
LTPNGERES Vin Hys CW/CCW, RESET, ML — 0.2 — \%
Vsp (4.4) Modulated wave: max V_reg‘_)zm — Vi%f_"“t
Vsp (0.5) Commutation OFF — Start Zis TAE 0.3 0.5 0.7
i Hh S IE L RH RON (H+L) lout=1.2A uVv,w — 0.7 1.0 Q
Vrefout At L[ Vrefout Irefout = 20 mA Vrefout 4.0 44 4.8 \Y
FG it i VFG ) lour = TmA Fe \Qef?éjt \Qef?éjt - v
VFG (L) louT =-1mA FG — 0.2 1.0
it Lt Your=0V Bl A S R
IL (L) VouTt =24V — 0 1
R AR VRs RS 0.46 0.5 0.54 \%
HINGEIR Trs RS — Output off — 2.0 — us
N — oyt |Soviib oy =sma an=02v g | s [ [y
R AMPOFs GIN, GouTt 11 kQ/1 kQ — -40 — mV
AL LL=0.7V -20 — 20
T I A RS ot 2 1 ) oL G E mV
AU uUuL=20V -30 — 30
i PH S PHouT (0 mA) | PH %t Eﬁiﬁ, louT = 0 MA, GouT = 2.4 V 235 | 24 | 245 y
PHouT (5 mA) PH it HUR, louT =5 mA, Goyt =24V — 1.9 —
TLA (0) LA =0V or Open, Hall IN = 100 Hz — 0 —
T A A I TLA (1.5) LA=1.5V, Hall IN =100 Hz — 15 — °
TLA(3) LA=3V, Hall IN =100 Hz — 29 —
TML(ON) B R B i) TR =180 pF — 500 —
T8 2 R TML (OFF) | St i ] ML = High TR=180pF | — | 500 | — |
FTR PR TR =180 pF 1.5 2.0 2.5 kHz
VM (H) i TG A 3.8 4.0 4.2
VM LRI ALAR VM (L) s b A 3.3 3.5 3.7 \%
VH i 5 — 0.5 —
PWM 4% FC (5M) OSC/C =150 pF OSC/R =16 kQ 18 20 22 kHz
TSD () 150 | 165 | 180
PR °C
TSDhys F IR — 15 —
T HTRREAT
8 2013-09-02




TOSHIBA %jC TB6585AFTG

TheeHiiR
1. EATIE

JABNAY, Dk im IR B A IG5 AR T B R S IS, AL B AINE BRI R f = 2.5 Hz i, ki
B A BASIIE B vk g HAERBORHFIAE 5. U5, £ PWM IRs R E B = Mok 5 th s Rl i 5
S IEZY PWM E5 B35k,

JashE| 2.5 Hz: Jriilksl (120° Jil) = fosc/(213 x 41 x 6)
2.5 Hz s & 1E5Z3 PWM X3 (180° k) f~ 2.5 Hz when fosc = 5 MHz

2. EEEHIEA (Vsp)
(1) HEEHIEA:0V<VsSP<0.5V
IR SRS A e . (Sl fEE i)
(2) HEBmHIIAN: Vsp>05V
fosc =5 MHz i, Skt Az E R £ 3lik 2.5 Hz. A5, SikIKsh{E S8 U1 2 1B 525 5.

PWM Duty Cycle

100%

Triangular wave (carrier)
T T T Vrefout

Modulated waveform

- GND
0V 05V Vrefout Vsp

VEr W BR IR RS VSP = Viefout .11 Viefout 1 Vsp HLFEZRA I PWM 22 b 13
7E LA 100%.
3. RPPRRE

PWM (552 BT 75 10 = A B (B A b ] 7€ 78 T Mi:
fc:fosc/252 (HZ), ,[H:Hﬂ‘ fOSC: g%ﬁ@#}/@jg (RC T)E%%ggﬁ$)

15” fosc = 5 MHZ, fc = 198 kHZ N

4. FBRETAYMIE

MR T HUE (B R A 5) 2 B S i KN 5 5 AR HT I 7E O R 29° 2 [M B2 IE.
i 3 A O PR B PA 51, s o A ik e AT oS I i A A

<LA 5B #LE>

| 5-bit AD

LA © ’ —> Modulated wave generator
‘ | converter

Automatic-lead-angle

controller Gin+
Lead angle 0.94°
—_— e Lead angle 0°
LA=0V LA =90 mV (typ.)

9 2013-09-02
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<LA X8R0 i S BURHE>
Step LA (V) Lead(f)‘”g'e Step LA (V) Lead(f)‘”g'e
1 0.00 0.00 17 1.50 15
2 0.09 0.94 18 1.59 15.94
3 0.19 1.88 19 1.69 16.88
4 0.28 2.81 20 1.78 17.81
5 0.38 3.75 21 1.88 18.75
6 0.47 4.69 22 1.97 19.69
7 0.56 5.63 23 2.06 20.63
8 0.66 6.56 24 2.16 21.56
9 0.75 7.5 25 2.25 22.50
10 0.84 8.44 26 2.34 23.44
11 0.94 9.38 27 244 24.38
12 1.03 10.31 28 2.53 25.31
13 1.13 11.25 29 2.63 26.25
14 1.22 12.19 30 2.72 27.19
15 1.31 13.13 31 2.81 28.13
16 1.41 14.06 32 2.91 29.06
LA (V) vs. Lead Angle (°) Characteristics
30
_|_I
25
I—l
o 20 F
= T
o
2 15
< '
§ 10 N
el =
T
0 '_l_'
0 0.35 0.7 1.05 1.4 1.75 2.1 2.45 2.8 3.15
LA (V)
10 2013-09-02
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TOSHIBA TB6585AFTG
<H 3-8 RT- A 4 1E B L E>
IV pin LA pin
Motor current I
Am Peak 5-bit

VRF P~ Gain < Vre | hold | GainxVRr Lead- | A/D converter
we (peak) angle
rs Ro ot J_ value

' rso
2 L]
77 777 777
*: Gain = (R1+R2) /R4, R3 =100 kQ, C1 =0.1 yF

Vv

VRF Gain x VRp Ga(igexalY)RF

LML

-

[T

MR

5. B/ (BRIEREBAN)
HE- AR E, VeMRH, M 1.5 F| 3.5 V. M A )G, VH, N 8 mV (typ.).

HUM

VH=8mV (typ.)

TIs]

VH

—> Lead-angle value

* Vs AED 50mVpp I8 /RBOK ST LATAE. SR810, 1 A8 &S 5 i (I [a] (el e, el /2, 60-Fi-
FrRIRR, 6P A% bRy, (VS HE#EA 200 mVpp B )

6. W (FC i)
U5 BIA s — AN ikt (3 ikt Ha ).
Bl F—A )\ ik, Rl AR 12 k. (12 ppr)

7. RERN

A e 7 R, SRS AE 1200 JilRGAT 180° il 2 1A ik 4%
FEAE 360° M1 HL A AT R

CW/CCW Pin Lk B S bR e s 77 1 Commutation Mode
CW (clockwise) 180° commutation
Low (CW)
CCW (counterclockwise) 120° commutation
CW (clockwise) 120° commutation
High (CCW)
CCW (counterclockwise) 180° commutation

a

E OEXRRE

SHEMT 2.5 Hz IFf, TB6585AFTG #AL 120° izt EIfEi 24 180° Jilkdik ak i 3%,

11
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TOSHIBA %jC TB6585AFTG

8. KRRy

oy

©)

3

Ry (RS 51

DC link HEIRBEE NS E BIER, XML =0, SEEAN TB65S5AFTG BRI #R. &%

M =0.5V (typ.)

4 RESET (RESET 3] )
RESET JyiEft G =M% RESET AR ETT 14 i Fo iR dT T,
WIERATAT MR B E YA I, RESET 5| Bl 380 .

A SR

fir B AT TR DR A

for BT IE 5 2 By BRI, % P = A

N, ARG Y S I S

B B E fE

TARRERABNE S TAER) 120° BH#GRER 2) 180°FhRiAE A BTHC B — & 2 VI, Skt A 8ie H
KM = A R TARRT DA A ) 55 SR IR ISR g .

% Motor-Lock detection

Hall vV (If Hall signal
E— . Pulse counter TR
frequency continues

(10 bits) ©
to be below 2.5 Hz)

Hall W
—_—

Automatic restart
. ML = High :>Protect|9n is
MLo——> Restart operation ————=—| automatically

\VV

selector disabled using the
pulse counter
Drive output
17 controller
Restart with power cycling
ML =Low =Protection is disabled by ||

turning off and back on the
VM power supply or Vsp

<L K- AU A DN FAY IR [ 0 ik i LB PRI ] >
Ly s - B A I T 75 PO 30 60 B S BR B0 5 A0 I O )T A Pl S Co 1S . G ] 3914 A 1)
BHE.)

S TR) TR T=%x1024(s) I1=0.72pA, Vth =2V
#: C1 = 180 pF, T ~ 500 ms (typ.)iT.

<EFER ML= &>
EIRME SRR T 2.5 Hz £/ 500 ms (typ.)i, 4 500 ms (typ.) TB6585AFTG & #iAs Ny
B A A BGE ER S SR B)IA 2.5 Hz R 928 B TR g D)8 8] 180° iRt

<HHPFIEFREE ML= JFBR 5>
B RS SR ARG T 2.5 Hz 27> 500 ms (typ )i, %t =& w2k . TB6585AFTG #f LLiE T
KHAIFE VM BIEEE, O EEFKT 3.5 V (typ.). TB6585AFTG tA] LA 5% AT /5
Vsp #HJH, BEUAHRFHET 0.5 V (typ.).

12 2013-09-02



TOSHIBA

38

TB6585AFTG

Power supply voltage 4.0V (typ.) 77

RIEARYT (VM AL )

VM ABIRBOTE 8O, TS S AR VM AE TAF f eV A

Commutation signal

Output: Off—)l(—

TR

s R CTETTIR VM
X35V (typ.)

i | GND

. L I

Output: On —)l(— Output: Off

" { Phaseu =
Position -5 Position Counter Lt '_)
signal detector ] i
(hall sensor) ! [N
i | Phase V > |, U-phase
Phase alignment | — ; power Output
1 L,| transistors | _ V-phase
N i _|(P-channel+ \(/)vut;;ut
H 1 -phase
! Sine waveform c i | N-channel) — Output
; (modulated signal)| “omparator '
. > '
hase W m_ '
Speed : 7
control —O— 1 i
~vVep) T I T
Triangular wave
CR System clock (carrier frequency)
oscillation generator W
13 2013-09-02



TOSHIBA %jC TB6585AFTG

<IEEZ¥E PWM ES4 8>
{6 E /RS S A A AT s . @i = A o R R R A2 B 5% 3 PWM 5.
3NERES(60 HMAMAINDIAEE EFECR ) FALEP-FERE FREISCETHE) Z [E N a] B oge it 5. i JE
AW /RS —A 60- 5~ 7] I 1A Hcis A .
60-HL- A1 [B) g B M R R T B 32 T ZE A, 5 — H50iE T it st ) & B S 2 w110 60- H8- 1 AT R0 1/32. i il
T i e B AT, (CAEIEZ CW/CCW = 1K)

HUP —— —
5 (6 i
-, <D, © B * R4F HUP, HVP il HWP 3|
P e e
, ; I 1 465 .
@ )
HWP

O 6 A @)

e

m EFoR, HU B EFHECE) R HW 8RR CY) 2 W m sl faor ) (1) =50 1/32. AR, HW KT
B ) R HV B ETHRCE )2, s oy (20 5 R 1/32.
SER 32 Bl I AL SUR, WUR TR — W ANKE, Ay 60~ - T] B (0 A AR U A IR Ta) A RREL SR — IR

Sw

%
to . —_ —

Su

32 data
*t=1(1) x 1/32

M H, 7E& % AR R AT AR 55, 725 60 FL A, B B i Tl 5 A BAG IS 5 1) _ETHA0 R BRI 1)

14 2013-09-02



TOSHIBA %jC TB6585AFTG

AR Bk, WERAEREIRE TS T AR, B IA IR s I R 2 A, R R BB AR AR S
1M H., &g 2 AR ) PR U B AT AR R 5

FE% 60 HLA, ARl )T 3 1 5 Ao BAS DA 5 (R TR B 80 HE) ) LT AN R B R 2B A S A

PRI, e 60- - A1 R ¥ 32 Hodfs i A Al , i 2R by T EAR IS 5 o 2 iR, R — D 20k, IR S
AL HIFIR T —A> 60- HL- A7 1A e 1) 5 A k.

VRIS, 725 S AL A ] R N Sk,

HU

HV

(6]

Su

15 2013-09-02
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TB6585AFTG

<IEFZ¥ PWM BXzh I H >

Phase U -- Vrefout
(inside (typ)
the IC)

Modulated wave

Carrier frequency

Output waveform
Phase U

Phase V | | ||

U T

- GND

”_I_IJ_II_I_I_IMVM
---GND

UUTU

Phase W | ll “ ll

Line voltage

il

L]

”:“VM
---GND

Vuv
(Vu-W) I_l IJ

<J7-BIRBI O B>

PWM Signal Generation

Output
Waveform
Phase U

Phase V

Phase W

Vsp input voltage

Carrier frequency

(Inside the IC)
AAANANNANANANANANANAAAAANANANNANANANANANAAAANNANANNANNN
VVVVVVVVVVVYVVVVVYVVVVVVVVVVVVVVVVVVVVVVVVVY

MY
fb

Note: The above U-phase waveform shows the behavior of the U-phase output signal when a resistor is connected
between the U and VM pins and ?}ﬁ between the U pin and ground to obtain V_ . Likewise, resistors are
7 indicates the high-impedance state. 2

connected to the V and W pins.

2

16
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TOSHIBA I%jC TB6585AFTG

NGR4T e B I FE B (CWICCW = Low, LA = GND)

(Hall Signal Input for Clockwise Rotation) ! ! ' 1 1 1 : : :

0 < Hall signél frequenéy <25Hz
(120° commutation: inside the IC)

o [ 1 e

2.5 Hz < Hall signal frequency : ,
(180° commutation: Modulated wave inside the IC) i : . i i i ; : :

“OERMESHIER 2.6 Hz UL L IRYE LA S A SRATHE AT M 215

H T TR H AR e B AT e R AL,

17 2013-09-02
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38

TB6585AFTG

NGB 4t e RS s B (CWICCW = Low, LA = GND)

(Hall Signal Input for Counterclockwise Rotation)

[

Reverse Rotation Detection
(120° commutation: inside the IC)

VH|_|_|_|

uL : : : [

*: CWI/CCW = MR, A SR B e % 1 X5 SR A, E53k Lh O° AT A1 Hh 120° Jili 5 = 3Kl (Hh XU S %)

H T fRT H R B AT BEw T AL,

18
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TOSHIBA %jC TB6585AFTG
WA R R (CW/CCW = High, LA = GND)

(Hall Signal Input for Counterclockwise Rotation) : : .

0 < Hall signal frequenc'y <5Hz
(120° commutation: inside the IC)

W _ . nnnnnn

nnn —

o L L]

o 1 1 1 i | 1 1 1 1 :

5 Hz < Hall signal frequency ' ' E ' ' ' ' :

(180° commutation: Modulated wave inside the IC)

Su

Sy

Sw

FG

*OERMESHIERNY 2.5 Hz BUE R RAE LA S AT AT M 4] IE.

TR H R R B AT e A

19 2013-09-02



TOSHIBA %jC TB6585AFTG
WA R R (CW/CCW = High, LA = GND)

-

Reverse Rotatibn Detectibn
(120° commutation: inside the IC)

w [l TUULAS
w ____ o

*: CW/CCW = pitf, dr RS Bt e i 8 /R 5 S4B i, 5ok L OB HT A1 i 1200 il 5 5 3R, (XU B s)

o i AR 1 AT RE A TR AL.

20 2013-09-02



TOSHIBA

38

TB6585AFTG

TiE

Gin‘*’@Gin—

100 kQ

5] [
.ETI

Vrefout  Vrefout

46) Gout 39 PH(G?) LPF 36 VB (BEHLA  UL(B3) LL (32

S e—Upper limit
—| PH H LPF |—0
-. . >
®—Lower limit
(1) Vrefout - VM (7% 2) g
1
0. 47‘ uF ?‘.<—| 4.4V power supply I 7 0
+L L <
150 pF /b C_ ST3T T
S-GND 0OSC/C System clock Q878772
generator ©
3=
[l
>
A
T
+ kil
T
6
u
¥ 5
- Sine-wave generator \%
(4)
\./W
’_{ IR
3 13
= RESET (25 =
< a3 per ]
l 8 - 1 4
FG ™ H rRs [ L
= i 7 (% 3)
argeé | predetermined number TSD (165°C) 48 Pin
pump )
of lock protection

TR 180 pF ML

il

S-GND  P-GND

VE 1 ERTTEESEIL TB6585AFTG b7, MiZiE R — MR G IR LA 2 Vrefout 51 .
WMRF L PNEREAE R, — DN A GPOERES] Viefout fith; M, LGNS E 1 4.4V HHRE.

vE 2 fERTIRESEIE TBB585AFTG [t )5, M iZ%i&EdE—

3 WEARATEEMME S, MiZEE - RC g (K-8 IERS).
VE: 5 A AR R ) R O ) R R R O T, T RERL AN N R AR LR E) IC AR AR, VM, IR AN

M ZG BT (I (0 278 50 25 R IX AT

EVEERE, ROAZIERAE DU R

o BRI RIRIO MR R 1C IR 5 RO 1 e R
IR a1 R TE AR AT SR R N 2 0 P PR AR I TR SRR E

ARG R AR VM 5.
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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 A WRITTEN 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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