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7R BICD HITESE AR B RE S
TB67S289FTG

FRhIEEEFEH] Clock-in #2503k 253 B A IR B 25

TB67S289FTG R A AR E sl iTHIZ5MHI clock-in 1=l
MR L R ALIE RS o

TB67S289FTG =B BABRE R inTH (ACDS) , FAIfEIK
B2 JC 7 1€ AN B PR SRAT I ER ATLERL 37T o

TB67S289FTG XH BiCD TZ, #iE{EN 50V, 3.0A.

HHE
RNERFKIRLEM (AGC: EFnEHITH])

gy e ~ .'ﬁ
o e ,r"/
g o
My e
g

P-VQFN48-0707-0.50-004
E=: 0149 (#8E)

A 6 B P R TR I 4545 (ACDS: SR IR AR %)
RSEBAFE MOSFET (Sii+{Ris=0.4Q (#E{E) )

REMDHEES (DHESPEE: &8, 2 (@), & (b, 1145, 185, 116 &, 1/328)
LEPEMINEE (GAKE (TSD) , @R&# (ISD) , EBEH (POR) , BHlHEFHE (OPD) )

ERMRSHE GERME)

MEBVCC (5V) fRERFEEaIRaEBERENEIE (VM) HITHRE.
R SMNB T IAEE IR PWM 353

EEHSHREZHN/ B (QFN48: 7.0 mm x 7.0 mm)

s¥: {FF TB67S289FTG BHEEZ EHREM.
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51 B3 EC
CIHHLIED
= i
O 8 8 8 % & % % O % % O
zZ 0> > >> 00z 5 = 2
36 35 34 33 32 31 30 29 28 27 26 25
NC |37 24 OUTB+
NC |38 23| OUTB+
DMODEO (|39 22| RSBGND
DMODE1 |40 21| RSBGND
DMODE2 |41 20| OUTB-
19| OUTB-
CWICCW 42 TB67S289FTG
CLK |43 18| OUTA-
ENABLE |44 17| OUTA-
RESET |45 16| RSAGND
MO |46 15| RSAGND
LO1 |47 14| OUTA+
LO2 |48 O 13| OUTA+
1 2 3 4 5 6 7 8 910 11 12
~ ~ -
852E2RE29LLy
2283°Tg > =
s
E: 1B QFN HEMHBREFEIMH AR EIFHEES] PCB #) GND %k L.
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5| BfEiR
SIS 5| B2 7R
1 AGCO EEIEFILESIMO0 S
2 AGC1 EIEFIEFIRES I S
3 CLIMO AGC PR3 ESIH0 5
4 CLIM1 AGC PR3 ESIH1 5
5 FLIM AGC SiZE RIS E S| B
6 BOOST AGC B REEES I
7 LTH AGC FEIRE S|
8 GND $&ith 5| B
9 NC EEE
10 VMA ERATLER RN 5 | B
11 VMA EATLER RN 5 | B
12 NC EEE
13 OUTA+ Ach E#liIE (+) SIH
14 OUTA+ Ach E#liIE (+) SIH
15 RSAGND Ach EB#/LER R 15 b B
16 RSAGND Ach EB#/LER R 15 b B
17 OUTA- Ach B#lismE ( -) SIR
18 OUTA- Ach B #lismE ( -) SIR
19 OUTB- Beh ALY ( -) SIB
20 OUTB- Beh ALY ( -) SIB
21 RSBGND Bch EBA/LER R HEHIBA
22 RSBGND Bch EBA/LER R HEHIBA
23 OUTB+ Bech EB#LE (+) SIH)
24 OUTB+ Bch EBHLE (+) SIH)
25 NC EEE
26 VMB ERATLER RN 5 | B
27 VMB EATLERRAM N 5 | B
28 NC EEE
29 GND 5| B
30 GND 5| B
31 VREFB Bch BREESE S|
32 VREFA Ach BRBIMESE S|
33 VCC R N e e ]
34 VCC R N e e ]
35 OSCM RERHRS T 2 SR M AN B 5 | B
36 NC EEE
37 NC e
38 NC e
39 DMODEO SHP PRGBS0 S
40 DMODE1 SHPPHREESIH1 S
41 DMODE2 SHPHREESIH2 S
42 CW/CCW HERAEIEES|I M
43 CLK SSHERTEPEIN S | B
44 ENABLE B4l ON/OFF 5| B
45 RESET AV E R
46 MO B M5B
47 LO1 iRt AESIE 1 S
48 LO2 HiRbr e 5B 2 =
$¥: E1% NC SIBIERTF, 1520%E (T PCB #hk.
3 WM TEBHEESIMAFRANSIH; 55| MERSSRN SIS EREE—E.
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HIEHE

B B B

37 Motor Oscillator |‘—

VM-VCC

|30! 29| 23| 27

Induced Voltage

}

Regulator —l

Detection

[]

L]
w

|

|

38 | System
Oscillator — Clock VREFB
Control
39 INBuff
[+ & -
29
40 INBuff Step 2 g
Control ] S
o
41 INBuff ’V |
P
42 INBuff £ -
O =
= §
® ]
a3 INBuff b g
2 ui
o
<

RSB Comparator

renes J-

SRR

[
L]

L]
i

(=]

|
l ISDB DEI" OPDB DET |

I Thermal Detection lEE

t=}

(]

| ISDA DET] OPDA DET |
I

B[ |

Pre Driver A ]———

- F—

e [

< _
Electric 5 §
o c
Angle 5 S

Control ©

-
Error

Flag AGC-IN DSP

RSA Comparater

VREFA

=
o

AGC-INBuff

=
w

=

) —{p—
B

Induced Voltage
Detection

]

AEN IR

Induced Voltage Detection XA R R A
VM-VCC Regulator VM-VCC #2[E =8
Motor Oscillator Bl S S
System Oscillator RGIRH
Clock Control B g
VREFB VREFB

Step Control S

Pre Driver B RIRIEENER B
OPDB DET OPDB DET
ISDB DET ISDB DET
Thermal Detection A
OPOA DET OPOA DET
ISDA DET ISDA DET
Pre Driver A AIRIRENEE A
Electric Angle Control B A EEH
COMP COMP

Error Flag FRIRARID
AGC-IN DSP AGC-IN DSP
VREFA VREFA
Induced Voltage Detection RS R4
AGC-INBuff AGC-INBuff
Active Gain Control E I EEIET
Output A Control it A $
Output B Control Hid B =l
Error Control SEIRIES
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TB67S289FTG
RSA Comparator RSA LbicsEs
RSB Comparator RSB LbiiEE

HTERER, TSR ELSTERTN—LINEER, BENEH.

7E: TB67S289FTG HIFF AEMLIIN 27 PCB LMMAER £, BEEE— N RBHTINBIRIE. ILoh, REERAMER
03 Y7

RBEEEML. VM #1 GND E&IHRE, LUBRELSIMZE, SRiRsEhz BAERE. MRLEHEEK, NATgExRtE
Bk AR o

s, BFZRHEBATEITERERMBEIESIM (VM. RS%Z. OUT %M GND %) , EN4FFEFHAERILT
FOSEHL. GNRULKSIMBOTRLANIER, WATREARERIEE IR T REXS B BRI

ZIEAAS I BB UERL. BN, FHTERATFISRERNBRRBEEERRMBIA. NIHIFERITEANRE.
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M\ - i SEFEEE
3| & TR BN - BEES B - B S R
DMODEO BRI 1kQ
DMODE1
DMODE2 BRI S| I JE O
CLK
ENABLE GND < VIN1 (L)< 0.8V % <100k
RESET Q
CW/CCW 2.0V<VIN1 (H)<55V
AGCO !
AGCH1
CLIMO GND
VCC
CLIM1 SRS BB E
VCC. GND. VCC-100 kQ Ehizk BN R
FLIM GND-100 kQ THI
(EBPE¥EE R E+20% LAA)
BOOST
N &
100 kQ T i
LTH (FLPEAEE R E£20% LAFT) 500 Q
LTH
500 Q
(10 kQ Z 100 kQ) VCC
LO1 B4R S| B P S| B T AVAVA |
LO2 0V<VOUT(L)<05V _| ~
MO 4.75V < VOUT (H)<5.25V
ar
vee O
1kQ I_
OSCM
OSCM $iZSEE
OSCM |_
0.64 MHz < fOSCM < 2.4 MHz 500
6 2017-05-29
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3| & TR BN - BEES B - B S R
vce O
1kQ I_
VREFA
VCC I ‘ E‘[
VCC B ESEE
475V <VCC<525V
VREFA
/8
VREF #INE[ESEE vee O
GND < VREF £3.6 V
1kQ
VREFB VREFB :I
/4
o | I e | =
ouTA+¢—{1 O—¢ ouTa-
OUT A+ VM T{ERESEE [
10VSVM<47V _I: < < :I_
OUT A_ ). ) i..
|L TVMB
OUT B+ RSAGND [ ’ »
W S| B E S E _| J i + I_
10VsVM<47V
OUT B- W i
ouTs- 11 O— ouTB+
RSAGND —| p r r > |—
RSBGND

é RSBGND

E: ATETHIA, THHRERSHEEE.
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B HERHLIEHI R B AT AE
1. CLK Bh#k

CLK EEHEN LAGHESRBENMNEBERSKNBERAE.
SE: IC EY CLK SRS 200 ns (+20%) HO#sHE R 28

TB67S289FTG

CLK IR
0 ZFN EHBBRHBEAEMERLEK.
! - (KT, SRERS)

2. ENABLE Ik

ENABLE 5| B{Z I 25 3 EE M 461 H A9 ON 0 OFF 3EB EIREFF X EEALE I TH XA FEHIZLE . (FE OFF RIS T, Fi B4 MOSFET
Hki, TAEMES (Hi-2) . ) BFE VM FHLF<HE0E4% ENABLE SIBNZE RIRE T, L% VM BERTIEERE
AHMEMENIET. Fitk, AHEFERERNEER, VM BERE, 1§ ENABLE 3| R S8 F.

ENABLE IfiRE
= AL : ON (FEET)
(3 BAlH: OFF (Hi-Z2)

3. CW/CCW TheEFsGL S| BITheE (FEFERBRBTAVRLIZE)
CW / CCW 3IIA Sl St AER F5 180, 24 CW/CCW B 7SR FRY, OUT (+) Mt Joisme, J5MAf OUT ( - )
M NEBT . M CW/CCW IR E HEBTM, OUT (+) Mt HIRMT, Femit OUT ( - ) MtEHaT.

CW/CCwW IIRE
= (CwW) JEFEt /3 E : Ach BESRIEIE 90 EHEAIZES|#2 Beh BBift.
& (ccw) #RTEt A E: Beh BERIBIT 90 EHAMZES|#E Ach BiR.

4. DMODE (#$i#k9#RigE) Thet

DMODE 5|HAT&ELHBANEITTHSH S PERMREHRE 3 15| (DMODEO, 1 #12) ¥R E KB E, sFHHNFIIER
R FEFEHLIENHAE], LA REBEREETE S XK INFE. R 3 45| (DMODEQ, 1 2) hiET—MEEASHE T,

TB67S289FTG M EFHNEX T EHBEN. B2, FE 7.5us (HEME) REERLERKE. Fit, HFEENBARMANESE
.

;E: DMODE 3|BISEF 1.25us (20%) RIRNE B FiERES.
3¥: DMODE 3|BISRH 0.94us (£20%) HNBHFIELRE, ATFEIER.

DMODEO | DMODE1 | DMODE2 IhE

= = = 1132 iy iz

= = % 1116 i i

= (3 = 118 Ltk iR

= i3 1% 1/2 (b) LR

1K = = 114 Sk e

1K = 1% 112 (a) HHNHE

1K i3 = 111 Sk

1K 1% 1% &RAER (REBIRHRBIE (OSCM) FiH MOSFET % & }“OFF”)

DMODEO, 1#23| WA E TIE . T AT S8, DRZANZRRmLRRENRERT. RENEEE0mHE
.
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5. RESET Ihgk

RESET S|MIR #1i5 L NEBEE A .
E: RESET 3IMIER 0.625ps (#20%) RINBEHFIEKS.

TB67S289FTG

RESET IfiRE
= VAR FE
{3 EERERETR

%4 RESET S| B A= B TR, 4 H B (Ach 1 Beh) HULNETR BEHIR AU TE. ks, KB AT HIEEAT,
MO S| Bl R .

WS YRR Ach B3R Bch BB BAE

1132 Hig B 71 % 71 % 45°
116 LHIKE 71 % 71% 45°
118 LHEE 71 % 71 % 45°
1/2 (b) LHIFE 71 % 71 % 45°
114 SHIKE 71 % 71 % 45°
112 (a) HHEE 100 % 100 % 45°

11 SHEE 100 % 100 % 45°

6. MO (HEMIZSsmH : EBAEIKNES) Thak

MO S|BaE SRR A EERES. MO 2—MITRESIH; EWEEMmFERZINEE, 5% MO @l EhiZE VCC. (ki
EEEMIEERL 10kQ E 100kQ z[8) [EET{EHRE ( NE8 MOSFET %#, SIBIEBEHN VCC) SIHBEFE A= (Hi-2) .
HAMBEAEZTIERAER, SIBBEFIEREET (HE MOSFET §i8) , TR,

MO IR
VCC (Hi-2) HAENENRAME
i HAEAMRMNE

¥ Hi-Z: SfEA

(10kQ 100 ke) VCC e BRESTUHAE, MAEH MOSFET
Mo T W O S8, 3IHBERTHRET.
_[> MR AERST AR, NP2 MOSFET
%), 3IRIEEBTABAT (VCO).

X AETHER, THUFNEBERZREPRLERS.
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*ﬁl&ﬁ%$1§ki%ﬁ (FBfREE: 0~180°)

BAE IOUTA(%) | IOUTB(%) 1/32 % 116 % 1/8 % 1/4 % 1/2 (b) # 1/2 (a) # 11 %
0° 1 +100 0 v/ v/ v/ v/ v v
2 +100 +5 v/
3 +100 +10 v/ v/
4 +99 +15 v
5 +98 +20 v/ v/ v/
6 +97 +25 v/
7 +96 +29 v/ v/
8 +94 +34 v/
9 +92 +38 v v v G¥2)
10 +90 +43 v
11 +88 +47 v/ v/
12 +86 +52 v/
13 +83 +56 v/ v/ v/
14 +80 +60 v/
15 +77 +63 v/ v/
16 +74 +67 v/
45° 17 +71 +71 v/ v/ v/ v/ v GED GED
18 +67 +74 v/
19 +63 +77 v/ v/
20 +60 +80 v
21 +56 +83 v/ v/ v/
22 +52 +86 v/
23 +47 +88 v/ v/
24 +43 +90 v/
25 +38 +92 v v v GE2)
26 +34 +94 v/
27 +29 +96 v/ v
28 +25 +97 v
29 +20 +98 v/ v/ v/
30 +15 +99 v/
31 +10 +100 v/ v/
32 +5 +100 v/
90° 33 0 +100 v v v v v v
34 -5 +100 v/
35 -10 +100 v/ v
36 -15 + 99 v/
37 -20 +98 v/ v v
38 -25 +97 v
39 -29 +96 v/ v
40 -34 +94 v
41 -38 +92 v/ v/ v GE2)
42 -43 +90 v/
43 -47 +88 v/ v/
44 -52 +86 v
45 -56 +83 v/ v/ v/
46 -60 +80 v/
47 -63 +77 v/ v/
48 -67 +74 v/
135° 49 -71 +71 v/ v/ v/ v/ v GED GE1)
50 74 +67 v/
51 77 +63 v/ v
52 -80 +60 v/
53 -83 +56 v/ v/ v/
54 -86 +52 v/
55 -88 +47 v/ v/
56 -90 +43 v/
57 -92 +38 v v v G¥2)
58 -94 +34 v/
59 -96 +29 v/ v
60 -97 +25 v/
61 -98 +20 v/ v v/
62 -99 +15 v
63 -100 +10 v/ v/
64 -100 +5 v/
180° 65 -100 0 v/ v/ v/ v/ v/ v/

F1: 11812 (a) £ TM%HIREBRRINT 100%.
E2: 144 RUBNEEERMETF 100%.
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SHSMEZEER (BHE: 180~360°)

BAE it | IOUTA(%) | IOUTB(%) 132 % 116 % 1/8 % 1/4 % 1/2 (b) # 12 (a) % 11 #
180° 65 -100 0 v/ v/ v/ v/ v/ v/
66 -100 -5 v/
67 -100 -10 v/ v/
68 -99 -15 v
69 -98 -20 v v v
70 -97 -25 v/
71 -96 -29 v/ v/
72 -94 -34 v/
73 -92 -38 v v/ v GE2)
74 -90 -43 v/
75 -88 -47 v/ v
76 -86 -52 v/
77 -83 -56 v/ v/ v/
78 -80 -60 v
79 -77 -63 v/ v/
80 74 -67 v/
225° 81 -71 -71 v/ v/ v/ v/ v GE1) GED
82 -67 -74 v/
83 -63 -77 v/ v/
84 -60 -80 v/
85 -56 -83 v/ v/ v/
86 -52 -86 v/
87 -47 -88 v v/
88 -43 -90 v
89 -38 -92 v/ v/ v G¥2)
90 -34 -94 v/
91 -29 -96 v/ v/
92 -25 -97 v
93 -20 -98 v v v
94 -15 -99 v/
95 -10 -100 v/ v/
96 -5 -100 v/
270° 97 0 -100 v v/ v/ v v v
98 +5 -100 v
99 +10 -100 v/ v
100 +15 -99 v
101 +20 -98 v/ v/ v/
102 +25 -97 v/
103 +29 -96 v/ v/
104 +34 -94 v
105 +38 -92 v/ v/ v GE2)
106 +43 -90 v/
107 +47 -88 v/ v/
108 +52 -86 v/
109 +56 -83 v/ v v
110 +60 -80 v/
111 +63 -77 v v/
112 +67 -74 v/
315° 113 +71 -71 v/ v/ v/ v/ v GE1 GE1
114 +74 -67 v/
115 +77 -63 v/ v/
116 +80 -60 v
117 +83 -56 v v v
118 +86 -52 v/
119 +88 -47 v/ v/
120 +90 -43 v/
121 +92 -38 v v v GE2)
122 +94 -34 v
123 +96 -29 v/ v
124 +97 -25 v/
125 +98 -20 v/ v/ v/
126 +99 -15 v/
127 +100 -10 v/ v/
128 +100 -5 v
360° (129) +100 0 v/ v/ v/ v/ v v/

F1: 1118812 () $: T1%ENEERRTRTF 100%.
E2: 1435 RBENEEERRIMTRTF 100%.
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7.L01, LO2 ($&izfi: $SIRWEMARERML) Thee

LO1 #1 LO2 2B R R SHFRICHES . B SIS ATRE, EWTIEEFA; LO1 #1 LO2 S| ERiZE VCC, (%
FHREBMEIEERE 10k £ 100kQ SEERN) EFEITIERAE, SIASME (NI MOSFET XM, SIMEBEHN VCC) . —HEIR
KMIHEE (BB (TSD) ) , iE4RIP (ISD) sKEH A FE (OPD) ) BT, SIS MHREF (RS MOSFET &i@) ,
TP

TB67S289FTG

EINEE VM BIRS AR ERENIRT, LO1 #1LO2 5IBEERER EEEBIT RS, WRAKEM LO1 5 LO2
HIThEE, 1% 5| RIERFT .

LO1 LO2 IR
VCC (Hi-Z) | VCC (Hi-2) EERE (ERBET
VCC (Hi-Z) 133 WNE| B AR (OPD)
39 VCC (Hi-Z2) MMBTER (ISD)
L3 K SMBTH (TSD)

F: Hi-Z: SEE

(10 kQ % 100 kQ) VCC —BRMIEST, LO1 5 LO2 FEMMNER

LO1, LO2 T VWA .| MOSFET #£5i8. (3IMIBEHEER)
_| p FEEFERKST, LO1 F1LO2 HIMER MOSFET
#)% OFF. (SIEMEHESEF (VCC By EH
BE).
m

E: ATETIRIA, ATEHRERFUEEE.

8. OSCM (&R %es) Thek

OSCM AT &EEEERR PWM IEHIFNASIRHRINE . ERENZ5 B ESEME R HBMEFIEE OSCM iZE, & PWM
FEMINRA IR ERT, 1EIE LhiB AR IEEER| VCC. ttih, EFANIEREE OSCM MZE" (NMEREMIMEBEH) , B
FF ROSC HEFH1% OSCM 5|jIzE#EZE GND. &I E, FANIEEE OSCM $ZE"F, EEEKHFIBRBETIERA 20us

(BEME) MEMEHIES. (FE 20us RIETIMNBEHAFEHTREEEE OSCM SE"RER.) “EE{E OSCM 3z
2979 0.92 MHz, &t fchop £94 57 kHz.

OSCM (ROSC) vVCC
O A% %A ]
LF AR EEE OSCM %" (RMEREM
1 SMNEBLAMH) B, BRFF ROSC EEFEH%E1E COSC
—— (COSC) B2 (fF OSCM 3IHIEIEZE GND).
m

E: ATET R, AIELSRE RSN EE,

E: PRI EHEMER (ROSC) MEAER (COSC) MERFERZIINE. HHFAMEN, ZIBERHREEN 270 pF,
FHEH ROSC . AXIFHER, BHEEUTRA.

12 2017-05-29
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OSCM #R%HESE (FrEm=z) itHE

OSCM #F5 SRR @iT EAIMBTAEE (ROSC 1 COSC) #1TitE, AR TR (COSC EZEH 270 pF)

fOSCM = 4.0 x ROSC 0®

COSC #1 ROSC R ER:H =N AIIMNBE M. HE B ERIRSTINERR, #il¥ COSC EE X 270 pF, HEL ROSC

HEH.

Sk, 183 PWM (fchop) RYAESHERS OSCM #R5%5:55F (fOSCM) Z BRI AT :

fchop = fOSCM / 16

MFIESEIT, BIUEMFEIZELE 50 kHz £ 70 kHz HSEEA, HIREFEE L AR

LRSI B NS R TR ERSUREUN, NTTSBE SRR BIE . AT, 52 ARERHURSIRIE M, Eitk&E M MOSFET
HOMHRIRFERIT KIRFEE R, NMSHGIMNAEE. F—FE, SHRMRIRARIRN, BREUEHFEX, BERERD.

ERBERAZGRIMEREME.

13
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+SHBHMATR (BikiE, #MEHEED> PWM)

9. EhlzITH (BiKE) Thie

AGCO, AGC1 5|BMEHIENERITHIFITA B XA . HAN3IHEEASHEER, AGC SiB. PWM SEBRIGLAEN
FRENN, B ERERE VREF RE. HEASIHENSE AHKEFA, AGC xiH, B VREF &ERERRIT.
7E: AGCO 1 AGC1 S|BISRF 0.625us (£20%) HINE M FIEKEE.

AGCO AGC1 IngE
= = AGC: ON
= K GED
L3 1% AGC: OFF

BE, WTREXLS|E; AGCO, AGCT1 = (F, =) & UK, %) .
7 1: fEE1THEAEIYIH AGC B9 ON =X OFF B, FHILELE. BRFERSZIESENAERE.

10. CLIM (AGC TPREEFR) Ihek
CLIMO %1 CLIM1 5|Bi&E AGC BT IREER.

MERATASETF TR, CLIMO 22— 2 SiZ8EMmA, CLIM1 2—

X AGC BUERT, PWM ERBEIGAERE R/
— 4 IBEMIN

s¥: CLIM O F1 CLIM 1 5|BISRH 0.625ps (£20%) RINBEHFiEKE.

BTEEITRRE )4 AGCO 5B .

{ER CLIM ThiE, &

CLIMO CLIM1 I

VCC 5% AGCTPREEZ: 10UTXx80%
N VCC-100 kQ #i AGC TRREL: IOUT x 75 %
= GND-100 kQ T 5 AGC TBREEZ: IOUT x 70 %
GND %5 & AGC TPREL: IOUT x 65 %
VCC 551 AGC TPREL: IOUT x 60 %
VCC-100 kQ i AGC TPREE: IOUT x 55 %

1K - -
GND-100 kQ THi AGC TFREZ: I0UT x50 %
GND %3 AGCTPRER: IOUT x45 %

E: EBPRBENEL20% A .

11. BOOST (HiE{RFA) Ihfk

LA NeT, BOOST 3IBNE B BIRIEAKTE. L AGC FBE, PWM BRBIMESUERARB . AW, —BfHidss
BN, REBIFEA PWM EREE, URIEBENESE, BOOST 5|HIE 4 SIZEHMANSI#.
3E: BOOST SIBISEH 0.625us (+20%) HIRE R FEKEE.
BOOST I
VCC #52% B EESNMSBIEE100% MR GRITE)
VCC-100 kQ E#Hi BREZETNESEBEF100% 8987 %iHE)
GND-100 kQ THI REZENLEIER100%BI87R GLHE)
GND %53 EZENANSBEILBM100% A ER G&iHE)
E: BEBERNAEL20% LA
7E: BOOST #5332 VCC B, HRIEALKHK, HiTIEE| GND B, BEREASKERN
14 2017-05-29
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12. FLIM (AGC $aZRpR#l) Thgk
FILM 5|B% AGC B T IRSFZRIRE A BW. A AGC ATUERENESAIEIRZER. FLIM 31/ 4 ZSIZEMN .
3¥: FLIM SIBISRA 0.625ps (¥20%) BIRE M FIEREE.

FLIM

VCC 5%

SRZRPRE]: ON, HfCLKIKTF675 HzAT, AGCEH

VCC-100 kQ k£hi

SAEEPRFI: ON, ZfCLKKTF450 HzEf, AGCE

GND-100 kQ THi

SIEPRHI: ON, HfCLKIET225 HzAt, AGCEH

GND %55

FLIM: OFF

E: BEPRBENEL20% A .

ERPHSERXT 2SR, RRFRENRT LA PRRE,

FLIM 1/1 1/2 (a) 112 (b) 1/4 1/8 1/16 1/32
VCC 5E% 675Hz | 1.35kHz 1.35 kHz 2.7 kHz 5.4 kHz 10.8 kHz 21.6 kHz
VCC-100 kQ tHi 450 Hz 900 Hz 900 Hz 1.8 kHz 3.6 kHz 7.2 kHz 14.4 kHz
GND-100 kQ T#i 225Hz | 450 Hz 450 Hz 900 Hz 1.8 kHz 3.6 kHz 7.2 kHz
GND 538 FLIM: OFF
E: BEBENEL20% A,
13. LTH (AGC #&WS{E) Thik
LTH SIBN& E AGC #NSME. 1% 100kQ THhirEBEEEEIEZI GND.
LTH Ihge
GND-100 kQ T#i AGCHIM RERIRERLE
E: BPRBENEL20% A
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14. ADMD + ACDS (#MEE S PWM) #2551

ADMD (GEHTREETER)
TB67S289FTG X FH ADMD £5#, #E18:7% PWM HABI MM T AN B EIFER. ADMD HERFFII TR,

fchop (=1/16 fOSCM)

A : ;NFth
<+—>: f{OSCM
I0UT s
ADMDth /
/ A4
BA (RH8) =&

AETHERE, AEURFE.

EXEERR PWM FIIRREREREHEBRB-TE— - - - B, URHREEERETHE. 080%F (fchop)
2 OSCM #57288m% (fOSCM) B EAHARY 16 MEMER. 7EiZ fchop AHARYIEFER . REFHMEERR BT

B, BYERAR (REFY) , EERAEIH VREF SEREREMNEERRHEE (NFth) . —EBEFNHERAZEER

MEME (NFth) , WIS EBENERBBEAEBEIEL (RRRRFTD  HEETIHEEVERIAZEEE (ADMDth) Bf; 3t
F fchop TBIARIE KIS, BEABHEHIABAMEHRITRLRIFEIER (BERRFT .

A MOSFET BTN (BRTTRERA)

AITVM w L w ]

{ = = le I_ _| > & x(le }_ _I > & x le I_
OUTA-/ OUTA+/ OUTA+/ el OUTAY/
OUTA+ =150 ] oute+ | T4 OUTAY  outes+ | 000
OUTB- OUTB-
OUTB+ . . OUTB-
i } ol
él RSAGND/ $ RSAGND/ RSAGND/
RSBGND RSBGND
RSBGND
FoE PUETER ZBITER

7E: £ MOSFET Wi 1A ® 400 ns (GRIHE) MIEEE, WEBEEMRERR. ATETURH, ATEHRERSFNER
0
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RILAEId [E] VREF 5|BHE R E SRR B IEE B R PWM E{E.

IOUT=VREF x 0.833

Bl HEZEER 100%, VREF BEXR 2.0V AT, REUTAXTEIEEZEZ PWM H{E.

IOUT = 2.0 x 0.833=1.67 A
ADMD R

« HTFAEHIPH/UERST P

fchop fchop 5 fchop E fchop

3 OSC % |

iz

o FEEHPEHARERE 14 fchop AHA

' fchop E fchop ; fchop E fchop
PIEE OSC | ' i |
ST

F& BT 51 4k 4,
NF BI1{H

FLE] AL AL A F

ADMDth

ARETHRE, WEERFE.

17 2017-05-29



TOSHIBA i%jc

TB67S289FTG

© YT EHIPH/LRET LDt

fehop i fehop ' fehop : fchop

Wi OSC |
I

E%EH’TI‘EL]WEEED{FEE RS bR g s B e EL AR EL R
BT REAERKFST T—N NFth, BITRHZEI]

NE___— i

ADMDth

o HRERAARELEE 1 4 fchop AL E (BIRTE 1 4 fchop AHARIARIZZE ADMDth)

fehop ' fehop ! fehop ; fchop

W OSC |
WY

IR T B NF LS i B R L . B
Fea il Ak BT T—A NFth, 55746 32 B 58]

NF et

S HLE A 1 4 fohop IEE FKIAE
ADMDth B}, RIRBERFFIGSLEHRTT, BEE
87534 %) ADMDh.

ADMDth

AETHRE, AEURFE.
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% PWM 22 R R I
TB67S289FTG A% BB MM, AHIHIARHETHEEMENRERRIE GRE) R, MBRHEREN.

TB67S289FTG

(1) (2)

— — —> i—
y NFth
[ ADMDth
@
—_—  i—
®3)
FE PS 8

AETHR, TEURFE.

(1) %= NFblank (&% 78 B B == 4 RORR 1 EE R AU TER ATED : 1.25ps (HABYME)

(2) #E#L NFblank GEEfe NFth BRI B ATED : 0.35pus (BLEI(E)

(3) %1% ADMDblank (% ADMDth 7t FEFIEER, < [8] 7= 4 BR8] B SR HOESR AT 18] . 2.2us (HARIE)
(4) 1&#l ADMDblank (% ADMDth Ricomlg S B9 ATE) : 0.35us (HEE)

E: U ERBARIE. RN FLUURIE.
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HXRAPEME(Ta = 25°C)

YFHE s Eh Bir i
EEHLELIR VM 50 \Y; —
EE LA R VOUT 50 \Y; —

FE LA L FR IOUT 3.0 A GED
AERZERIR VCC 6.0 \Y; —
. VIN (H) 6.0 \Y; —
ZEMANEE VIN (L) Yy v —
MO B [E VMO 6.0 \Y; —
LOMi B IE VLO 6.0 \Y; —
MO R IMO 6.0 mA —
LORNER ILO 6.0 mA —

N PD 1.3 w GE2)
TIERE Topr -20E85% °C —
EEEE Tstg -55ZF 1504F °C —
&8 T (FXE) 150 °C —

A1 EBERAN, SKXERENBIRITERE.
AIRIBIMEIR E R BRI R — S IRBIR MR (A&
F2: XY (Ta=25T)

Ta: INEEE

Topr: &EREEATESRSHIIFERE.

Tj: EREBLTFENRSHNLE. SHEET (TSD) BERH Tj (max) .
BREFEREH, HIRIEET £ 120CATER.

AR BNRATEE

FSEBFHPENHEATEER—ANEREIHTEE, EEE—FMW. BB EALXTEE. BIHEELSFHRE
WS, SUASGR, BWEESEBIESMIRMERGE. TRAERAT, A GEIENKRAREEN—ISHE. LHRLE
EFAHELE, GFRREE. tNSEHERPRHANEBRBIEIESE.

TE3EE (Ta=-20~85C)

HFIE e =/ME A RAE | B &3
EALEIR VM 10 24 47 \% —

FE AL IR IoUT — 15 3.0 A GED
MO i 5| BB & VMO — 3.3 \Y/ole) \% ERIBE
LO #ii 5| pes £ VLO — 3.3 \Y/ole; \% ERIBE

ERETP NS fCLK — — 1000 kHz Gx2)

RSN Fchop GERED 40 70 150 kHz —
VREF #IAEE VREF GND 2.0 3.6 \% —

1 KRR RERAREESITME (SHAWREITRNE, EEBTHEE, MERENAZNE, PCB HEHE) Mz 2RF.

o

i 20 KRR ARIRFAREE BTG (SHAWREITRNE, EEBTHEF, MERENAZME, PCB HEH) M 2RE.
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SHFM 1 (Ta=25C, VM =24V, BRIESEHRE. )

FHIE s R &1 RME | HAEME | RAME | B
BIEMANEET VIN1 (H) = 2.0 — 55 | V
(BBOOST, CLIM1FAFLIMSN) VINT (L) B 0 — 08 | V
ZEMNETFRE VIN (HYS) iTEBE 0.1 — 03 | V

VIN2 (H) VCCEEH 4.2 — |vce | Vv

BIEMANBE2 VIN2 (PU) VCC-100kQ_F#i1 2.8 — | 355 |V
(BOOST. CLIM1F1 FLIM) VIN2 (PD) GND-100kQ F$I 145 | — 22 |V
VIN2 (L) GND3Z 8% 0 — 08 | V

BN IIN1 (H) MABE=3.3V — 33 — | pA
(BRBOOST. CLIM1FAFLIMSM) 1IN1 (L) MNBE=0V — — 1 pA
MOt 5| B8 £ VOL (MO) IOL=5 mA LO=1k — 0.2 05 | V
LO¥t 51 BB VOL (LO) |OL=5 mA LO=1& — 0.2 05 | V
IM1 FIAER — 2 — [ mA

. FFE, ENABLE: &,
BT M2 MAER: B S s m
. FFE, ENABLE: 5, &
M3 MAER: B o R A s
= & = = — —

R =EM IOH VM=50 V,VOUT=0 V 1 uA
REM oL VM=VOUT=50 V 1 — — | pA

BB RBEED AIOUT1 BB B HERE -5 0 5 %
BILEREEES AlOUT2 IOUT=1.5A -5 0 5 %

FLHL H SEEPR e -

(EEMHEEDD Ron (H+L) Tj=25°C, M (BHEHEEMD — 0.4 05 | Q

JE: VIN (H) EXAZMREIBM OV BEHASE, S8t (OUTA+, OUTA-. OUTB+#1 OUTB-) LA VIN BJE. VIN
(L) EXAYSIBERERASEMY (OUTA+, OUTA-. OUTB+#1 OUTB-) kA VIN BBE. VIN (H) FVIN (L) =

BIRZEEEN A VIN (HYS) .
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SHEM 2 (Ta=25C, VM =24V, BRIESERE. )
HHE = R S /ME | BARE | RKE | B
VREFI N IREF VREF=2.0 V — 0 1 A
VCCHE vCcC ICC=5.0 mA 475 5.0 5.25 v
VCCHR ICC VCC=5.0V — 25 5.0 mA
VREF1#235 VREF1#235 VREF=2.0 V — 0.833 — ANV
Mkl (TSD) HME GE1) T,TSD — 145 160 175 °C
VMPOR (H) PORFEHY 6.5 7.5 8.5 \%
VM R E I EE
VMPOR (L) POR# 6.0 7.0 8.0 v
FEFRP USD) B{E GE2) ISD — 3.3 4.3 5.5 A

3 1: #AXHT (TSD)

U |C RLEIEIABIIE AT, PSR BB 1T 2 M 2R . IC IR TE X ERER ], BUB S )i S RUAIRS . 24 TSD
T/ERT, IC b TFENER. EREEHIBE, &E R ABESET DMODE 5IMEEEMER. & IC FE MM, TSDI)
BEFSIEF. EARZEITIT TSD HhasMiE LIME T EA IC.

i 2: IREFEP (SD)
LR W (E AT B L SRR, PO SRR RIS AT, M EREELH]. IC IR TE X BEERTIE), LB S RIS |
&, X4 ISD T1ERT, IC FEHER. ERE ISD R, EHE RSB EE DMODE 3| Ift B &8 .

RERE

BHEERERER, ER—FZEESRIRARIR. EIINZ], BTENRENBOFME, BHEREBERERIR.
WMRABIRTEBIEWRES, MREHRFMGSHSIM ENBETEASEBIFERE. BIRBIHBHR/NDERERFHEMR
MEFEMEN . DARMIEENFEREEIR BRI TB67S289F TGH H b4 {4 Z 158k i IAIEE A KU -

BXIFHXE (1SD) F#AXHE (TSD) RIEEHER

ISDAITSDEL AR A FHRHIGRHRIP, W5 IEEMAHERERBER; R T —ERIEERNICES.

IR EBEMEEITEE, WiXEBERETAERET: KERETHBTRLEETZR.

ISDEL B X A F it S BHR HL ISR (R 4P . MR EURKATE), MRS AL THHMER. MBI L AR
R

ICZR%
G IR NIRRT 5. BN ATAESBOR & IS, IRRFSIRAL.
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AC BSHHE (Ta=25°C, VM =24V, BRIESHHEME)
HFIE = MR S B/ME | BBIME | RAE| B
B/NCLK'E B A EEE tCLK (H) CLK (H) &/NEkABEE 500 — — ns
/NCLKYE BB E tCLK (L) CLK (L) &/MEOHBEE 500 — — ns
tr — 30 80 130 ns
tf — 40 90 140 ns
i MOSFET #1#:3158
tpLH (CLK) CLK Z OuUT — | 1000 | — ns
tpHL (CLK) CLK Z OUT — | 1500 | — ns
AfOSCM1 | COSC=270 pF, ROSC=5.1kQ | -15 — +15 %
OSCM IR% =S 15 & COSC: GND %,
AfOSCM2 -20 — 20 %
S ROSC: FFi& * %
fchop1 COSC=270 pF, ROSC=5.1kQ | — 67 — kHz
PWM i 35 COSC: GND 4%,
fchop2 — 57 — kHz
ROSC: FFi&
AC MR FE
BEMA[CLK]
tCLK(H) > < »: tCLK(L)
tpHL(CLK) i >
AL [OUT] il
Yoot
tpLH(CLK) i >

HTEREEE, TUEKRFE,
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ROSC l RVF1 RVF2
A

x | T LT Cx 1
o BOE B B !LA“ = 7 &

CVM1

2
=

[aFx
B
.

H
[

Pre Driver & |---
<
" 5 E £ ] e
MCu 4s Electric 2 = 2
o Angle g8 :
._w\,_l & e ot g )
< a6 ' | £ -
RLO1 I [s]
r Error - ) =z
AGC-IN DSP VREFA i
a3 a7 F 14 =
RLO2 I T T

X_EI Motor Osclllator VM-VEC ’T‘ I Induced Voltage E
“H BiE &)
Clock | =
39 mBuff |— m % —E—
2 E
ST T - -
[reoms }--
> a1 INButf N ] ] T —E—
J i 1 | ] |
> 42 INBuUFf E B | 1508 D\ET—]L‘ CPOB DET | 19— _“
‘é é g i Thermal Detection | Eg | M
> 43 INBuff “;:. 8 1SDA DET OPDA DET —| 18 (— \F::l
— 2|7 h‘
> 44 INBuff J— | | 5 —| 7
e}
—I 15
)
53}

| AGC-INBUff |

-

Motor Oscillator LIRS
Induced Voltage BARIHL
VM-VCC VM-VCC
System EX

Clock B

INBuff INBuff

Step pigtia

Pre Driver B RIRIEENER B
OPDB DET OPDB DET
ISOB OET ISOB OET
Thermal Detection A
ISDA DET ISDA DET
OPDA DET OPDA DET
Pre Driver A AIRIRENEE A
Electric Angle BAE
COMP COMP

Error Hix

AGC-IN DSP AGC-IN DSP
VREFA VREFA
AGC-INBuff AGC-INBuff
Induced Voltage BN EE
Active Gain Control E T
Output A Control it A $
Output B Control Hid B =l
Error Control SRIRIEH
RS8 Comparator RS8 Lbii7g
RSA Comparator RSA Lbiigs
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AXHPRENNABRRATSE. FETRIEMEEFHEE.
HEHRNER ((VEeE)
5 ik SEEH
CVM1 FEARE S ar 100 uF (CVM1 = 10 pF)
CVM2 PEB AR (0.1 uF)
RVF1,RVF2 G 3% (10 kQ < RVF1+RVF2 < 50 kQ)
CcvcC MEBER 0.1 uF
ROSC FEPHES 5.1 kQ (1.8 kQ to 8.2 kQ)
COSC AR 270 pF
RMO FEPHER 10 kQ (10 kQ = 100 kQ)
RLO1, RLO2 FE PH 2% 10 kQ (10 kQ = 100 kQ)
ERAMERRESE . RBERSYE, AIRBBLHEFCENIME.
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FHRERR<T (BfA: mm)
P-VQFN48-0707-0.50-004
7.0
(A= - ?
|
| i
|
|
I R
|
|
: !
>< >
= =
Lf_'g C)
| !
I Y
\ i ?
0.05
=
. 3
- 5.5TYP - S
1 | 12 |
S JUUUUUIUUUUUQLLS
It =) : =N
> ‘ d A
»} d
) ' d
> ‘ a@ .
I = R S e e
] d ' L
e > ‘ < —
5 D | G —+
~ > q |
1P | = !
TE ' S
alaiaiaiaiaiallalaialiadalalic
[ T | 25
[y X4
L o] 0.2 [S]AB)
0.751YP_| | 1l 0.252£0.05[ T60.1 @[STA[B]
o V160.050[S
B8 0149 (HEE)
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AR EEEW

1L75%EHE
HTFEBEN, TTHIR BT RE NIRRT R

2. F BB
FETFREE, AR 2 s 2B L rh S L34y,

3.FFE
HEFHRE, AELHFE.

4. I FH L%
AT PREONARBRATESE. REHTLETME, BUREMBERINE.
AR T R 4 e 7 PR R R R TR T A Tl A= AR A

TB67S289FTG

ICERAEEIN
XTI IC B ERER

(1] #SHRHNENRATEER—ETENBINTEHE, EER—FIM. BE2BIEMLLTEE.
BIFEESSHREWE. BUrgiRi, BWESEBESRRMERGE.

[2] EREHMERRR L, UBRFEDRA/K IC SIS, Ao ERERBER. SAEBT BN R AT EENFMT T ERA,
BRERETERIAREH OB EREOMREMERRXRRIFLERLH, IC BHTEEFHSSBURZRE A
ARER/NEFRFERRRIFN, LIHITEHRE, iU, RELFE. REFEFRBANRRULES.

(3] MREMRITEIEEMENKEFRRAE, BERTRMARIFEE, UMIEE ERSEARBERIETERR K ER)
BEENABRRERRENERESR. ICHFIERGE. BEREN.
FfEREBRERIFEEN IC NRERIE. MREFETRE, WRIFIETERNEER, SBIC H%F. IC EFEK
& MEHEN.

[4] FREREBAERIUEESE.
TR IREY IE G2 iR IR F 1R IE 7
BN, ERIFTESBLENRATEE, EMERREME. RIATRK, HELBIETRE, ERARGE.
Itegh, FEREREEE S RSN EIREIRE, EMEEMRRRB—R,

(5] fFHREFINERAEM (Blan, MAMARIRER) MAFAHE (Hiw, HER) , HIIERBAF[FIFTR.
MRFMMAS AR IREERFNEFEASRER, W ICHEERBEREM. MRIZALEEEREERARNZEE
RevFmEeE, MR IC BFEA RS ERBE SN GERRLER IC A ~ERE RN HEMAFERHH(BTL)
EEE ICH, J4 iR IC SERRPRRMANNENEREE.
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IC ALIFEICE S

(1) FERRRIFERE
WM (BRRRERELR) AEMEATHA—ERF IC. MRTRRIFBBEELTIRETET, HILAHE
FRid B TR S o
RIBERGEMEREKME, fl, BIENEAGEETERSBESTRTERFFEREBIAERIES IC &5, o,
RIBERAFEMERZG, MRIEBESITEFERPEAKEE, N IC ATEEL~ESHHFHIRE.

TB67S289FTG

(2) TARIRIFEEE
TRAERT, AXHREBA—EEBRI IC. MRAXEEBELEIRR TET, WiELZALEREBRRT.
RIBERGTEMERFY, BIENBERPEETRS SHAXMERESTANESREZITZEISH IC #E.

(3) BRIt
EFERNERAR. ATRBWENBFFRERD IC B, HRITEHNEARE, BHRESAREIMELT, HFcEL
MEPERRE (T) . XL IC BMEEESFERAEHRS~EHRE. IC HARITTESSH IC HEHMER. IC HHRL
2 IC &H2F. s, FERIHRER, HEE IC BAXMEAGEMRIFNE.

(4) RE=%
YHENRE. FIESRER, ATREDBHFE, ERFEEZEEER. MREFHERFRNENE), MWREH
LIRS A s E G H AN R AFE BRI . ABZHILE, ERERITHNEERBIHNEHFMN.
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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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