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TC/8BO09FTG

SISV LARAE—4S—AH EVY—LAPWMEFH T K54 /3—IC

1. &

TC78B009FTG /X, 37T L AE—F—fHE L —1L R
PWM BR&Ey 7Y R A4 —IC TF, T—F —DO@HE L PWM

Duty &7 r 7EEE 12C LR L CTHIEICE £,

NVM(Nonvolatile Memory) Z Nji L TV, E—&% — 5
BCADETRERELTHIENTE, IMHT~A 2 RET
Closed loop #HEfilfHEERE & SEHLTE £9, 6 EDHMFIF N-ch /3
U —MOSFET % AW CTBREN 32 O T, 1BIAVWH SI#iHE o' — %

—ICHEAT L ENTEET,

2. Ak

Ty = H— RV a— R RFEREE— 5 —

3. BER

& — L 2 PWM Bi#)
?w&ﬁﬁ Y e — & — e
FEIR BT E B R 5.5 ~ 27V (i i R E % 30V)

8 EXBE D &' — R i T A

7%na%EmWMmePCﬁfﬁ@AﬁT
I2C A ¥ 7 = — A CTHKFRHE R HE

H D& T = % —uli - (PHBF Ui-1-)
ERWERY) Y B 2 P[RE(CWCCW 3 1-)
7 L —% A% (BRAKE ¥ 1)
[ldE ) (FG 56 1-)
Bkt ) (ALERT 561
BT RE(TSD)

K E L H(UVLO)

F ¥ — VR TREEMR L (CPVSD)
H1&E Y 2 v F(OCP)

H D E ik HASD)

7 7 (R

/N QFEN36 /X r—

P-WQFN36-0505-0.50-001

Lﬁ'libi()\?ﬁﬂ -ch MOSFET BEEh 7' U R A /13—

Closed loop i FEHI A REN R, ¥ 1 — 7 5% E FITRE

BEIET— F(AH 34— R)FEABE(STBY u5F)

HBE:0.06g (1B%)
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4. 79I HE

WICP | W
WREG
(O— &YLDO Charee
: PR
C"STEY
o |J phass
SPD|  PWM hput/ Pre-driver
a0
! W phasze
Pre—driver
20 ] Glon’Frol W phase
ogIc Pre—driver
Input Gircuit Pasit o _
] detection
Ot put Circuit
TESTI hM
Test Circuit [
TESTD
| TS
FS &
FHEF Ciurrent Control —{:}
PH Peak kald AbP 2= 103 20 FEB,
FSG
GHD
oy
L
7 uy 7 NOEET v v 7 /RIRIER: 1, MeeE il 5700, —HAN - il b L TV 5580
HYET,
K41 JovoiE
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5. i FEE R
O
5, 3 c o o
Q @ m < Q z
s P o &= 9 3% 2 5
27 126, 25 24 23 P2 21 20 19
BRAKE (287 7 7 {1g] GHW
STBY |29 17| outw
SPD |30 i i 116] GLW
scL |31} 115| GHV
SDA |32 (Top View) 114} outv
o1 |33] 13| 6LV
ID2 |34 112] GHU
FG |35} Q 111} ouTU
ALERT |36 | 110 GLU
— Py pyj pyj
2 2 nm 2 o o o &
T = 4
o —
E 5.1 wmFEER
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6. S FEREA
# 6.1 UhFEREA

mFES A FF AHA ISR
1 PHBF ouT HABREZ S —HHinF
2 PH — E—oHR—IL FEREHF
3 TESTO — TR M AT
4 TESTI — TR MEF
5 GND — 95 Fig¥F
6 RSG — v v MERT S U FEERRF
7 RSB IN HABREZ¥ —ANIHF
8 RSA IN HAOERY = v FANWF
9 NC — Jraxy MEF
10 GLU ouT U #T~I FET #'— FEREhH HikF
11 ouTuU IN UBEE—2 —EEADImF
12 GHU ouT U #8 L4l FET #"— FEREhH HikF
13 GLV ouT V T FET 4"— FERENE HinT
14 ouTtv IN V HE—F —ERA NIRF
15 GHV ouT V # LI FET 47— FEEENE HinF
16 GLW ouT W BT FET &' — FEREVH HimF
17 ouUTW IN W HHE—2 —EGA NiRF
18 GHW ouT W 88 FET 4" — FERBIE HinF
19 NC — Jaxy MnF
20 CPM — Fy—URUTRARAS LTI VT U —ERRTF
21 CPP — Fr—URUTEARA LI 0T oY — GG TF
22 VCP — Fry—TRUTEBI VT U —ERET
23 VM — EIREXHAHF
24 NC — Jaxy MnF
25 VREG — 5V EEBFH NinF
26 SEL IN EEFIEE R RIRA DT
27 cwccw IN [EE5 74 [AERA DinF
28 BRAKE IN T L—F ANHF
29 STBY IN AR INA A HHF
30 SPD IN EEFIEES A NimF
31 SCL 10 PCRBIERI O YY1 VinF
32 SDA 0 PCEERT—2 74 VinF
33 ID1 IN AL—T7 FLRAKE 1 ANHF
34 ID2 IN AL—T7 FLRAKE 2 ANHF
35 FG ouT [E¥RIRE H DimF
36 ALERT ouT EERE S hinF
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7. AN A& E

SEMEES L, P AST D700, A - L L TW O EERH Y £

pr a4 k3 I/O internal circuit
CWCCW cwcew
BEQEE HEALAVMEEEX. GND [CHfE gEfKE
LTLEEL, o
ID1 ID1 <
ID2 ID2 3
FALALEEIX, STBY (& High STBY o—e >
STBY |BEICEHELT EEL, S
o X
st >
e
SPD ©—¢ , {%
spp  |EELGWESIE. SPD 1L GND
IZEHRLTLEEL,
PCEEZEFEALAEVGEIL.
scL  |SCLImFNOBIE High BE® scL
Low EE(GND)D & S [Z—FEEE
2B EIIZLTLIEEL,
|2C ﬁ‘%i’ﬁﬁﬁ L@L‘%‘S[is SDA l_
spA | SCL imFOEE(L High BER
Low BEE(GND)D & S IT—FEEE
2B EIIZLTLEE0,
. ALERT
TLT7y TEAEEGLTLES FG
ALERT [U>Y, _!
FG A LAZLMEEL. OPENIZLT
CrEELY,
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& 5= I/O internal circuit
VREG VREG VI?/EG
A
PH % GND 1< 100kQ & 0.1uF
oH EEETHLEHRELET, 2
RSB ) -
RSG |HEALAZWMESIL., RSG & RSB PH
B F (& GND [Tt L. PH (X
OPENIZL T =LY, ¥
-~
RSG o——
VREG VREG
PHBF (') v IV EEMNEIE L &
BIZEIFA—/NR T 4 LZ—DIE
BEaTUb—EEE LT —
PHBF | &Ly, PHBF
FERLBEWESIE. PHBF (&
OPEN [CLTKEE&LY, _|
VREG VREG
RSA [ LA LMBAIL RSA & RSG [ R e
RSG |GNDIZfEfHEL T,
RSG
8V VM
oy = GLU
o GLV
GLW o GLW
_| Y
o
&
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AR e I/O internal circuit
VCP vCP VCP VCP VCP VCP VCP VCP VCP
y S S 1 8 & v 1
GHU —E 7 T ¥ —] L3
GHV ] GHW GHV GHU
GHW ° © °
- —|ET 2% —|ET:g9 * —E 22| %
ouTU —1]8 118 18
OUTV oUTW £ | & ouTVv s |« OUTU
OUTW 0 ° °
16kQ 5 ¥ 16kQ 5 ] 4 ¥
SR & Rk A
VREG & GND B2 0.1uF {4
VREG Iy pliemmlET,
‘ O VCP
_{é x K
—0 CPP
VCP & VM BIZ 0.1uF 2@ /A7 5 _{E{ ¥ | F1
\égg CEEHELET. o WM
CPP & CPMRIZ 0.01pF Z &
CPM Sz Ce el T, _'EI il
O CPM
4% I
R A ..
TESTI I% GND IZ#E#: L TERAL
TESTE ¢ En, i
TESTO (zt GND( BHLUTERL
TESTO | ¢ ah e
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8. EhEE%BH

8.1. EARENE
AIC TiE, AMFTEHmTHR— LB —%2FEH L2 T, SHT7 7V L AE—X—%ERET5 2 &
TEET,
F7-. NVM(Nonvolatile Memory) # Nk L TV, T —F —fEHFEICEDETRETHILENT
&, IMTT~ A 2 L REET Closed loop MEHIHBERE S EHLTE E T, AX U AAE—FEWNELTH
V. FHERFD IC OIHEE/ZHIET A Z LN TEET,

TC78BO09FTG

EIRBAL, STBY Wi iR EMN A X A F— R TIERWEE. NVM 05 IC OFFEEE T A —H
—ZHBTE LTV RAE—RELET, TO%, 7L —F% 2 —F7 U ZAZ AL TT A RE—FIZRY
F9, HEH|EFE S (Speed contorD) S A1 SN D LEI L — 7 L ALY B— X —MEEE LED FE T, H
Fﬁ@ﬁ EEIETSZETE—X—DRlEE LD D 2 ENTEET,

R LUZSEAIIT 7 —F— RICBIT L, HEBFRMRa%ICEEERLES, =7 —F— N, &
fﬁ@% %Fi?ékT%FW%%‘K@ﬁbiﬁo

_PowerON_]

Yes
4’| Standby mode

I
I
1
!
!
!
I
I
I
I
1
|
!
I
v ¢ STBY=OFF STBY=ON

3.5ms(typ.)
No
| Read NVM |
| Brake sequence |
BRAKE=OFF & Speed control=OFF v

P

_ - Idle mode
BRAKE=ON | Restart time <

A
Speed control=OFF Speed control=ON
ISD/TSD/CPVSD R e el 1
Error mode | Startup sequence 1
v A . 1
Brake mode " Free run? Reversed? 1
(BRAKE pin) BRAKE=OFF& | Yes I
A Speed control=ON | Yes 1
BRAKE=ON X __ |
< I DC excitation i
1 Speed control=OFF I
BRAKE=ON STARTUPFAIL | | v _ | =
< ] Force commutation | >
1 Speed control=OFF :
FMINEMAX ! 3 I
BRAKE=ON i Sensorless
< T |_Soft start current limit Speed control=OFF :
S -
¥
FMIN/FMAX Sensorless <
BRAKE=ON Normal current limit
Speed control=OFF
B 8.1 EAXBEIO—Fr—F
©2019-2022 8 2022-06-27

Toshiba Electronic Devices & Storage Corporation Rev.5.0



TOSHIBA

8.1.1. AR /A4 E— F (Standby mode)

STBY Wi CAHX /3 F— NIIBITTEET,

AH RS E— RTIE, B A8F2 OFF (Hi-Z REE) & 720 . HFEREMREESL 7 VT SNET,

AR A ET— RICBITT HICIE, L2 Z—3%7E STBY_MODE T&4:325{k L. STBY i+ = Low @
H DA L STBY i = Low L EEHIEIES AT 0 Ol G OHERH Y £9°,

Fio, WEEEIREND A X 3, F— RIZBITT DI21E, K2 DAX 3, F— KL 100ms LL ik
D 2 L NLETT,

TC78BO09FTG

& 8.1 RABUINAET— FBITOIRESH

LIRS —ERTE
STBY imF 14[7] A0 N1 E—REH REE
STBY_MODE
0 STBY ##iF =Low DHTARA /L E— FIZF1T AN E—F
STBY #ii¥ = Low L EERIEETDANODAATRAE >~
o 1 A 4 2B UL E— R
(LR A2 —FED MAXOFF = 1 A NOSTOP = 1 A\ -
SPDINV=1 DB EIFAE vINA E— FIZBITTETEEA,.)
High — — EEEME

8.1.2. TL—x>—%4 R (Brake sequence)
R —lr VADRERIIL VA Z —TRETEET, 2, ZOLEOMNBEOREL L VA X —THRETE
i‘j‘o

& 82 TL—FP—4 U ARMBE

LY RAH—ERFE 19[7:5]

WAIT_TIME TL—F5—-T> A0 (s)

000
001
010
011
100
101
110
111

N (ool |]W]|N | |O

£ 83 TJL—FP—42REBOHAEDIRERT

LIRS —ERIE 19[4] ag
WAIT_MODE WHRORE
0 OFF(Hi-2)
Ya—rJL—F

=& 84 TL—XI—HURBEOBTRE

VI AH—RFE 19[3]
WAIT_CON
0 TL—F>—45 D AERBE®IZ. WAIT_MODE HABMIREZ#ER L Idle
mode [ZBITLET,
JL—F>—45 o AERMEAE%E WAIT_ MODE HAHBRDKRED T L—F2—4
1 Fig;ﬁﬁf LET ., HEHEESE. |de mode ZBEBLAEVWTEHY—45 VR
(FL—F>—4 2 RBEM = 0s BrILED)

K&
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TOSHIBA

8.1.3. 74 FILE—F (ldle mode)

S TR 7 R R — R BRI B & T A LR — RICBAT LE T
T A KAE— FCEE—¥ —HHE %2 TOFF I LET, 74 Fle— ki, dUEiiis s s b Sh o
LB — b ACBAT LT

TC78BO09FTG

8.1.4. BB —47 VR (Start sequence)
GRS AN, B—F —2MEIL, HHL TWAEE, B —F A0 1[HH
%@\%ﬁ%ﬁ%ﬁmbftyﬁ—vx BT LE—X — S E T,
1 [ B E VR 2 [B] B EGREhREREE . SRE A S I/ L A —TRIETE T,
Fﬁf“ﬁﬁlhﬁﬂ#é AN#%, T—F—PIEFEICEEE L TWD5EE, By —LANLE—F —RiRIEFE T,
— D 2SR 2R RTRE 2 e/ NEIR B L. SRAEIERT A A E L £ T,

ELEb ., 2 B H E

& 8.5 1 [EBEREHEFRE
LIRS B 20043 B ()
00 0
01 0.2
10 0.5
11 1.0
% 8.6 2 [ABEFtmhiEeRE
LOR4E —legi 20[2:0] BER (s)
000 0.1
001 0.2
010 0.4
011 0.6
100 0.8
101 1
110 15
111 2

% 8.7 MHIERRERM

LORE—ERE 21[1:0] IR R
FST RAARER ESARER)

00 1.6Hz 200ms (5Hz)

01 3.2Hz 100ms (10Hz)

10 6.4Hz 50ms (20Hz)

11 12.8Hz 25ms (40Hz)

# 8.8 ZTEHEBKRHBOMEBRHIaIV/AAL—E2—a /I L—43—0DERTYYIRERE

Vyig@fﬁ§Wﬂ ExT UL REE
00 L
01 +100mV
10 +200mV
11 +300mV
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TOSHIBA

8.1.5. EJJ%B’*IU Sv bk (OCP)
X —ICMNDERERIRT 5720 ERY 2 v MEEEZHNE L TWET, T—X— aa{}lu;ﬁ:ﬂ‘hL‘f
Ty r MEFUTHRH L2, RSA S OHIER Y X v MeligEEHEEE VOC LL I~ 7285
71 Fl FET % OFF L C, E—#—@EimafllRL x93, FRILZPWM EHZ L ITER{LET,

TC78BO09FTG

HAERY 2~ Al =VOC/y v v MMEHUE

171

J

HOEMRY 2 v ME, B — L 2ABAT%, EEHDERY I v F(Startup current)» 5@ 5 H /1 E i
J 2 v F(Normal current limit) |47 Liﬁ‘

T, HAOERY 2 v MEREITZ 1 XIZ BENEGIED -, TUENT 4 NE—TFIa s T
H—Z7RITTWET,

# 89 HEHAERUIY FVOCORE

YT | mmmpmmysyr | HVRAETEATEE
OCP_LVL EREE VOC
0 0.25V 10 &
1 0.125V 20 f&

- VOC I R T = —REDT 7 v L@ L £9,

% 8.10 EBENHAERYS v FEE

"‘gﬁi;ﬁ;‘igﬁ:” EBHAERY Sy b VOC BE (V)

000 VOC

001 VOCx87.5%
010 VOCx75.0%
011 VOCXx62.5%
100 VOCx50.0%
101 VOCx37.5%
110 VOCx25.0%
111 VOCx12.5%

% 811 TTHIT1ILR—(OCP, ISD)ERIERE

v /115[5;;]:&% ocP ocP ISD ISD
OCPMASK CLK# | 7«42 —B/M CLK % 74 L3 —B5H
00 0 =L 1 83ns
01 4 500ns 5 583ns
10 6 666ns 7 750ns
11 7 750ns 8 833ns
*OCP 7432 —BEMIZISD 70 I3 —BEREEBLET,
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TC78BO09FTG
& 8.12 RSAWFDFTFATI74ILE—KE
LI AH—ERFE 18[2:1] . .
RS SEL hy bt T RRS
00 L
01 200kHz
10 100kHz
11 50kHz
F+ 8.13 OCP BEED A XN/ EZNERTE
LS AH—E87E 16[0]
OCPDIS OCP Bt
0 %
1 |
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TOSHIBA

TC78BO09FTG

8.16. VI FRE—F

BB — 7 v RIFEAEREMZ D720V 7 hAX — N TEIEL £77,

V7 hAK— NI Duty & 0% HER 2 ZHEM L, HAERSEEH /)ER Y < >~ F(Startup current)
(2725 X 92 Duty Z#lIR L E3, MBGEGIEI N H 20703555, Duty OB EE | ZANE6E G O 3% E (Soft
start duty change Imit)? L ¥ A % —3REIZHEWF T, MG EEN B DA, Y 7 A % — K Duty @
HEOEE 1% 8counts/2.7ms (ZHIR SV E T,

Yo — L ZABIT%., BEEEE Y 2 v F(Startup current) HidE HIER Y 2~ F(Normal current
ImitZBITLEd, FTOBITIEEIX., 0 ~ 699ms @ Wait ikt 12 SS_ADD SEL L YA X — TR IE
45 ERfE E T 350ms = &2 SS_UP_SEL Tﬁ%ié EIfE Y R L“Clz\‘?_" ¥9, 7272 L. SS_ADD_SEL &
3/Mﬁ753|'ﬁ7755{uu) Sy MRV REL o GAE HAERY 2 v MELLEOEREICIZ /6T, HA1ER
U3y MEPREMEIZRD £,

T H— N2 L CWBIEA, BB — 7 U A& H LW Tk v — L A(Normal current limit) Clal#iz
Lt E 3, ZOREREEO Y ) Duty 13k 3 i € (Max speed) |27 L E 7,

Cutput current

I
Current llimit - ————————— QP ——————- | et T—————————-
| | I |
| | I |
| ] I | L.
I | i | Duty change limit
I I I I Duty up time X
| | I | »
| 1 I | .
| 1 I |
| | I |
| I I |
| 1 I I
I I I — __
| 1 | |
| 1 I -
| | I S5_UPSEL _1(]
| 1 I |
| Soft start 1 | I S35 _A00_SEL
| Duty charee limit ! : : -
 UnactiverBont /2. ?ms]l: I | .
Startup current 4= : : : : 3 e —
| | . [ —y L I
| i | (el |
I E| [ | |
| | I I Wit time :
' ! ! U 0to B99ms |
| - I I |
I 1 [ I I
| I [ I |
[ 1 [ I :
]+ | I | .
A | ] I I I -
I g I ] L
Frst DG Excitaton  Second DG Excitation | Forced commutation | Senzor-less : Sensor-less
: : Soft start current limit | Marmal current limit
i I |
[ Open bop L J" Open bopfClhsed bop
SPLO0 " 120" commutaton, ! Settng commutation
0 kad angk Settig lead angle
K 8.2 EEFOHABRYIvY FERE
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TOSHIBA

TC78BO09FTG

% 814 Y7 FRAE—E® Duty MELEHIPBRL X4 —EKTE

Soft start duty change limit 2.7ms Z¢&

LIRS —HRE 17[3:1] Duty ZEI& mgiﬁ;ﬂfgazo/is)

SS_DUTYCHGLIMIT (A/512)
000 64/8 0.17
001 2/8 5.53
010 3/8 3.69
011 4/8 2.76
100 6/8 1.84
101 10/8 1.11
110 20/8 0.55
111 56/8 0.20

% 8.15 SS ADD SEL LYR4—8BFE

LEPRS—ERE
17[7:6] SS_ADD_SEL E#E (A)
SS_ADD_SEL
00 EBERY I Y FREBEH{EAERY = v FEIBBEESBE Voc/ 2+ > MEHL)x0%}
(= BEER) I v b IEﬁE)
01 EEERY Iy FREEH{(HEABRY S v FRIBEETRE Voc/ ¥+ 2 MMEHL)*30%}
10 EBERY I Y FEEE+H{(HAERY v FRIBREEEF Voc/ ¥+ > FEH)x40%}
11 EFERY Iy FREEH{EABRY S v FEIBEETE Voc /| ¥+ 2 MEHL)*50%)

% 8.16 SS UP SEL LCR4—8B%E

L= ég_uifg[&” SS_UP_SEL &% (A)
00 (HBAERY Sy FEIBEEEE Voc/ v > MMEHR)x1%
01 (HBAERY Sy FEIBEEEE Voc/ v v MMEHR)x2%
10 (HAERY =y FEIBEEEF Voc/ ¥ v > FEH)X5%
11 (HAERY = v FEREEEFE Voc/ v > MEH)Xx10%

& 817 ZEHMMLE—F—HEIETSBESOMYIE N Duty ZRHIBEEERE

I/yxl\ﬂizsﬁnglD‘l[z.l] REEE [rpm]
0 0 4096
0 1 8192
1 0 16384
1 1 32768

« ZBHREEN D B — X —[Ellin T B4 W) Duty % & midH E(MAXSPEED) R E s H kb £,

WM 7] Duty = MRS [ e /2
Bz 1¥ : MAXSPEED = 1,0 IZ3EDHE . fmid 1L 16384rpm,
LB EF 3000rpm @E%Mﬁm L7284, W) Duty 1% 3000/16384/2=9.2% &720 £,
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TOSHIBA

TC78BO09FTG

8.1.7. i3 il

T — L AR, 1) Duty OZ# &AL HIRT 52 & T, T—F —DOIMBIEZHIR L £,
AEGH X Duty 28 £ (Duty change limit) & 58 FREM (Duty up time) CEXE L £7,

& 8.18 Duty ZEEIENEFREOL PR3 —E&TE

LR & —85E 17[0] =
DUTY_UP_TIME Duty ZBIE D EFTEE
0 2.7ms
1 10.8ms

& 8.19 Duty ZEEIEDLPR5—EBE

. - 2.7ms
LORZ—E&TE 16[6:4] Duty ZEIE E;‘?;;;‘i . (S)ﬁ
DUTYCHGLIMIT (A/512) ’
0% ~ 100%
HSh-
000 #E30:Open loop 017
64/8:closed loop
001 2/8 5.53
010 3/8 3.69
011 4/8 2.76
100 6/8 1.84
101 10/8 1.11
110 20/8 0.55
111 56/8 0.20
= 8.20 MEZEHHDOHREANS
HE EARBRA 5B T Closed-laop & Open-loop
Il Il N pen-loop
’ ‘ miE zE | mE
BHAAZIVY 2.7ms 10.8ms/2.7ms 2.7ms 10.8ms/2.7ms
PI #l{& (Duty
Duty MIiEEE | Soft start duty change limit Dutyl_ch_ange change limit @ Duty change
imit limit
[BHY)
102/512
Target output duty 100/512
Internal triangle wave i
Output duty: 100/512 i 100/512 100/512 101/512 101/512 101/512 102/512
(Internal duty: 100/512) (100.375/512) (100.75/512) (101.125/512) (101.5/512) (101.875)/512 (102/512)
Output duty
2.7ms 2.7ms 2.7ms 2.7ms 2.7ms

B 8.3 Duty change limit =010, Duty ZEB)E(3/8):%ER. Hih Duty EEIDH 1 = VT4l
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TOSHIBA

TC78BO09FTG

8.1.8. HABHE=—S2 —#HEE(PHBF)

FT— X —HNEBREZIMTT S ¥ MEHITHE L7 RSB +EELZ T v 7 THA U fE L — 2R —/L R L

72 EFICEH L CPHBF Wb =X —FT A2 N TEET,
=27 R —L R 57200 PHuGFDOEH C113 0.1 F., R21% 100kQ & HELE L £9°,

F7-. PHBF Wi+ ®V v 7 NVELEEEETHHEITR— A7 V2 —C2 & R3 < 7280,

= 821 WHERTE=5—HEE

LI R5—5%7E 23[6] BEHAERYZIY F HAERE=4—iiE
OCP_LVL HE#EEFT vOC FoIFLY
0 0.25V 10 15
1 0.125V 20 &

«VOC I BT =F —REDOT T A4 L L EEN LET, (89 LRLETT)

=B
Pesk ol  ——| AMPIx10:320 —()—4
R1
F=G
Waoltage Wialtage YWaltage Yaltage
O—/8ZT4)L 53— PH pin AMP output RSB pin
A
: Ly EREREESEN ﬂﬂﬂﬂ> mooo
time time time time
B 8.4 HABRE=HS—HEE
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TOSHIBA

819 BEAR. EAFIE
HEGACEA XL VA —ORETHRDET, BEMEIT 120° | 135° | 142.5° | 150° BN TXF

TC78BO09FTG

“%‘

it\ VT NAAL v F T EERT D E@BEOYIV DV K Duty 8 LT OB L ET,
TR Lo TE, FEBESFRNCEARTEIET 52 & THRCBEE R ENBILLET,

Ml EA R EITITHIBERH Y £ 0T, 120° BEOHEE. HEMIZ 00 2 %30 FCRHRETE EI28, 135°
HWEOLA. AT, 00 1D 22.5° FTOREILRDLT2D 2257 LLEOKRED 22.5° L7200 £9, 142.5°
WELE 150° BEOOEES EAIZ.0° 25 15° FTOHRTEICHT- 15° LU EORTEL 15° &7 47,

% 8.22 BEBARARE

l/yx’;srgii 22[7] I/yxst—Li’iPE 22[6:5] | 5 g yF s EEAE
00 No 120°
0 01 Yes 135°
10 Yes 150°
11 Yes 142.5°
00 120°
. 01 " 135°
10 150°
11 150°
* 8.23 HEARTE
LRI —E&
5E 21[1:0] EiGEE (EXA)
FST
OHz<f < | 100Hz<f | 200Hz<f | 300Hz<f | 400Hz <f
L /7‘; —& o0 MER | oom2 < 200Hz | < 300Hz | < 400Hz | =< 500Hz | 20OHZ<f
OHz<f < |50Hz<f <| 150Hz<f | 250 Hz<f | 350 Hz < f
21&4] BEF 50Hz 150Hz < 250Hz | < 350Hz | < 4s0Hz | *°0HZ<T
OHz<f < | 200Hz<f | 400Hz<f | 600 Hz<f | 800 Hz <f
&1} L I < 400Hz | < 600Hz | < 800Hz | =< 1kHz | “KHZ<f
OHz<f < | 100Hz<f | 300Hz<f | 500 Hz<f | 700 Hz <f
1 BER | 02 < 300Hz | < 500Hz | < 700Hz | =< gooHz | 20O0HZ<f
0000 0 0°
0001 1 3.75°
0010 2 75°
0011 3 11.25°
0100 4 15°
0101 5 18.75°
0110 6 22.5°
0111 7 26.25°
1000 8 30°
1001 9 7.5° 15° 15° 15° 18.75° 22.5°
1010 10 7.5° 7.5° 15° 15° 18.75° 22.5°
1011 11 0° 3.75° 7.5° 11.25° 15° 18.75°
1100 12 3.75° 7.5° 11.25° 15° 18.75° 22.5°
1101 13 75° 11.25° 15° 18.75° 22.5° 26.25°
1110 14 11.25° 15° 18.75° 22.5° 26.25° 30°
1111 15 3.75° 11.25° 18.75° 26.25° 30° 30°
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120° commutation

TOSHIBA

' ' '
' ' '
I I I
1 1 1
I I I
I I I
I I I
I I I
' '
I I
1 1
' I I '
I I I I
L [ s L L T T Ty ey S W DpNpRp G RpRpEY I PRI NI N R R R—— | -
I il d I
1 1 1 1
I I I I
I I I I
I I I I
I I I I
' ' ' '
I I I I
1 1 1 1
I I I I
I I I I
' ' ' '
I ' I I
8 -- R — --|-- [R—
| | 1 '
I I I I
I I I I
I I I I
' ' ' '
I I I I
1 1 1 1
I I I I
I I I I
' ' ' '
i I I I I
v 1 1 1 1
i | i |
- e e bl | Tt rE Tttt """
I __
i i
I I
i i
i i
i i
i i
I I
i i
v v
T T
i i
R R Rp—— 4 L S S ) )
T d i
' ' I
I I i
1 1 i
I I i
I I i
' ' I
i I I i
v 1 1 v
T I | T
i I i
N I | | |
i I i I I
....... YN R R R . RO I SRR SR PR PR
I ' T 1 I T
i 1 " 1 1 i
i I " I I i
i I T I I i
I ' I ' ' I
i I i I I i
=) v 1 I 1 1 i
T I 1 I I T
i I i I I i
N I " I I N
i I i I I i
I ' I ' ' I
N | ' 1 ' __
...... rr--4- - --F--11---}r - ---t B ERRLEEE EEE TR R
i 1 T i | I
i I T I I i
I ' I ' ' I
i I i I I i
v 1 I 1 1 v
i | 1 I I T
I i I I i
| I " I L N
1 1 [ < 1 1 L
© 1 1 1 S 1 1 L)
1 S I o A I 1 o I o i
R ' | ' ISR ' =] i
I MER AN N R RN AN I N A I -1 (0N R N S (N IR N IS P I N N S,
T d d T T f f i i b
1 1 1 1 1 1 1 1 1 1 1 1 1 1
I I I I I I I I I I I I
1 1 1 1 1 1 1 1 1 1 1 1 1 1
I I I I I I I I I I I I
1 ' ' ' ' 1 ' ' ' ' ' ' ' '
I I I I I I I I I I I I
1 1 1 1 1 1 1 1 1 1 1 1 1 1
' ' ' ' ' ' ' ' ' ' ' '
1 ' ' ' ' 1 ' ' ' ' ' ' ' '
1 1 1 1 1 1 1 1 1 1 1 1
1 I I I I 1 I I I I I I I I
I I I I I I I I I I I I
1 i i i i 1 i i . ‘R i
()
[o)] c o —
8 ~ ~ il > ~ (2]
© [} [ = S 9 ) =
>~ 5 = © = o Q@ g
O =) © - ] =) =4 ©
o 2 c c 5 > & c
g 2> > =8>3 > 2 8 >5 > 2 £ Tt &> > ¥ &5 > 2 TO> > 2
= 3 ] 8 © B o)
© £ @ =
c O [} ] =] > [3}
£ @ = = o - 2 = H
o . . 8 c . 0
19} Q P 0 o
o — [32) = ~ N
oy oA N ° z o
- 3
- o o] - < 0 ©
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e e

i i

4 Soft switching term

I OFF(HI-Z) term

2VTFv—F

10k 2

3
4

HE
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I OFF(HI-Z) term
m Soft switching term

I OFF(HI-Z) term

TOSHIBA

150° commutation

Induced voltage

(0° Lead angle)

7.

U

\

w

(7.5° Lead angle)

8.

w

(15° Lead angle)

9.

—

135° commutation, soft switching,0° Lead angle

— —

Induced voltage

150° commutation, soft switching,0° Lead angle

Induced voltage |

B 8.5
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TC78BO09FTG

8.1.10. EExAM

[ElHE A X CWCCW i - & L A X — D% iE THROE T,

%+ 8.24 [MIERAMRRE

LI XA —ER5E 14[6] LORE—&E w _
DIR . CWCCW iiF El&H M

Low CwW

0 1B RSN .
High CCw
Low CCw

1 1B RELA B ,
High cw

8.1.11. 7 L—##fk
BRAKE i+ L L RAF —DRETYa— T L—FF— RIZT52 R TEET,

& 825 TL—x#ek

BRAKE ¥

LYR2—E5E 18[4]
BRK_INV

LORE—EERN
=

N

1

Wit R ERH 2N
(Low Active)

Ya—+rIL—FE—F

Low

0

1B 1% R ER R S
(High Active)

Wit R ERH 2N
(Low Active)

High

1B 1% R ER R S
(High Active)

Ya—+rJL—FE—FK

© 2019-2022
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TOSHIBA

TC78BO09FTG
8.1.12. PWM REiR#K
H 71 PWM O #0L IC NESZ v 7 B3 L CAR L £,
% 8.26 HRABI=HIT BHH PWM EBEEK
SREA H A PWM EEE
512 23.4kHz
256 46.9kHz
128 93.7kHz
64 187.5kHz
& 8.27 HHPWM BEREETE
EixEE (BERA)
LORE—E
i N OHz < f = | 200Hz<f = | 400Hz<f = [ 600Hz <f = [ 800Hz <f =
EHZD%/E/“MZ] MRS | 500H, 400Hz 600Hz 800Hz 1000Hz 1000Hz < f
. OHz < f = | 100Hz<f = | 300Hz<f =< | 500Hz<f = | 700Hz<f =
WER | 100H7 300Hz 500Hz 700Hz 900Hz 900Hz < f
000 0 23.4kHz
001 1 46.9kHz
010 2 93.7kHz
011 3 187.5kHz
100 4 46.9kHz 46.9kHz 93.7kHz 93.7kHz 93.7kHz 187.5kHz
101 5 23.4kHz 46.9kHz 93.7kHz 93.7kHz 93.7kHz 93.7kHz
110 6 23.4kHz 23.4kHz 46.9kHz 46.9kHz 93.7kHz 93.7kHz
111 7 23.4kHz 46.9kHz 93.7kHz 93.7kHz 187.5kHz 187.5kHz
© 20192022 21 2022-06-27
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TC78BO09FTG

8.1.13. 4\ M+ 1+ FET — FEESIH S
IC IR CA AR S M7= BRBHE 51 & 0 AT FET 4/ — NERBME 54 1 L E3, ABLRIE 8 SD—T
T oY RIANR—%iZ2THEY, AR LOFA N-ch MOSFET #ERE)4 % = v CTx £4, LAl
Ot FET 7 — HERENEE1E VM + 8VUENRE) . FAIO/H1T FET 77— FERENE/EIX SVUEHRE) & 72 v F
74, SOURCE., SINK DL YA X —FZEIZ LY A/—L— FOFENAHETT,

% 8.28 LAIBLUTHY—RERKE

LU R 8 —BR5E 23[5:3] . .
SOURCE LRIBEUTREY—XER (mA)
000 10.0
001 13.9
010 19.3
011 26.8
100 37.3
101 51.8
110 72.0
111 100.0

% 829 LBAIBLUTHEIL VY ERRKRE

LIRS —8E 23[2:0] FREEUTES L ER (MA)

SINK

000 20.0
001 27.8
010 38.6
011 53.7
100 74.6
101 103.6
110 143.9
111 200.0

8.1.14. Dead time MDER5E
BEEEND BRAKE i - Cva— 7 L—F BT T 556 & CWCCW Ui~ TR IZ I T3 D5
BIZHMTT FET ICEBREBER D FEILRVE 912 Dead time R ET HZ LN TEET,

¥ 8.30 HB&h Dead time HIEIDHERE

LY X2 —8&5E 18[0] .
Dead time
ANTITHROUGH B8 i
0 B
1 3ol

% 8.31 Dead time M{E

LIRS —RGE 22[1:0] Dead time
DEADTIME
00 250ns(3clk)
01 500ns(6c¢lk)
10 1000ns(12clk)
11 1500ns(18clk)
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TC78BO09FTG

8.1.15. EEFIHIE S

WERIEE I — 2 —OEE), 151k & PR LS ATERESTHY |

S5 DX A 71X SEL Wi F5%

ELVYVAZ—RIEIZLYD I2C L PWMDuty 55 &7 7 v ZJEBEEZHHBERTEET,
PWM Duty %5 & 7 F v VEEEZOHGE, SPDEFICANLTHEILET, LYRAZ—ICLVES
OIEL LY AZ —TRETEET,

# 8.32 EEHIHESEENEREEFOD Y NE

Lozs—g | VIRETR
SEL $#F %E 15[4] EEHEES | EEOBEM 7N
TSPSEL 15[3]
SPDINV
LYRA—RE 27[7:0],28[7:6] :
High — — 12C — SPD[9:0]
512 ~ 1023 = 100%
s Vvsp) — SPD 6§45 =512 (100%)
D == I:l ST
0 1 FrRIRE ERTvY VvspH) — SPD 54 = 0 (0%)
oo . Vvsp) — SPD 84 =0 (0%)
mRyA=S, =R
Low 0 TFR7RE | ERYYY Vvspy — SPD 547 = 512 (100%)
L 1 PWM Duty FOTyy Low Active
0 PWM Duty EODYY High Active

SPD E 5037 J v ZEERE D6, Vvsew) ~ Vvsp@ D EEITxT LT 9-bit D fFREL R H £ 7,

SPD 155725 PWM Duty 155 0%6. AJMEE ORGP X 1kHz 7>5 100kHz T3, Duty 155 ®
JE %0 E 1kHz ~ 20kHz O#FN. 4 fRHel% 9-bit T, JAMEIL 20kHz LL EOSE . SFRENK H *
T, Bl z1% 40kHz OHA 1T 8-bit, 100kHz OFA1E 7-bit 12720 5,

© 2019-2022
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TOSHIBA

TC78BO09FTG

8.1.15.1. REHI#EIE S PWM Duty
Euyy 7 o5sa, SPDIEZOMNLERY =y U TDuty ¥ LE7,
Wa Yy DA, AMEFICR LT, IC NETESOMMEE IR L, KEEHOEFEZIEa Y v 7O

SPDE#=& LTHEMLET,
- |4 UUL

Internal 40% X 60%
duty

X 86 MHEMNRYIYITDuty EHLI-ES

S BEONED ERY =y Ut 1.5ms VLB TH) 256 L7- 834, 100% & HE LE T,

|
SPD -
| 1.5ms '

Internal 40% X 100%
duty

K 8.7 BRBODILEMAYIYIMD 1.5ms Bt TH] AL -ES

s WEDONH BB Ty U5 100ms L EIRODOSES B D = DR WEGES . 0% & HIELET,

[« | |
SPD ﬂ ﬂ i 100ms ;\
AN

Internal 40% X 0%
duty

Y.

A

E 88 BEBMDIBENYIYIHS 100ms LLERDIIHEEMY Ty ONRELZNES
« Duty=100% D4, IC NERT 1.5ms Z & Hblo v P24 L £,

1 I |
| | |
SPD r — 100ms
| 1.5ms .5ms| i
Ao N

interna prm Y 100w [ o

8.9 Duty=100%MDHE&
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TC78BO09FTG

* PWM Duty ATk U THRARDAFREIL 9-bit D7D, M LA LTI B2 90 L £ 7,

1us
e
o [ L]
! |
,'1000ps*|\
Internal 40% X 0.2%
duty
!ﬁ

= (L 1 11
000w

Internal 40% X 100%
duty

B 8.10 #/NILRICHLTHIY EITEET 515E

©2019-2022 25 2022-06-27
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TC78BO09FTG

8.1.16. MEH(ES
F—H —DEERIIT— 2 — DM ERB LGS OAE/R L TEBY . FG 0OV 25, &5V

2C DL VAZ —fiEFHFATL Z L THEMHTE £,

FG ¥ Fli3A—7> LA v HATHY, LIPAF—TEF—F—D 1 [FETHIT VA EHRET

%9,
F7-, HWEFRIEIESOEIECEDE TCFGREELZILEDARELET—FX =02 L TWAMIXH T 58
ENTEET,
% 833 LYRA—{ELNERAREBOERK
LORE—RTE
29[7:0] 1ERAHY OREEAREOBE®RN
30[7:0]
hz_cnt[15:0] [B1%% &% #1[Hz]=250000/hz_cnt[15:0]
% 834 FGEERTELE—F—1MEEHA/ILAK
LURE—8E T3 —AR
15[7:5] FG EEHE
FGSEL 218 4 15 6 B 8 ¥ 10 &
000 1 ppr 1 2 4 5
001 2/3 ppr 2/3 4/3 8/3 10/3
010 1/2 ppr 0.5 15 2 25
011 2 ppr 6 8 10
100 3 ppr 12 15
101 2.4 ppr 2.4 4.8 7.2 9.6 12
110 1/3 ppr 1/3 2/3 1 4/3 5/3
111 ALERT imF LR LIES —
% 8.35 FG EBDHIHEE
LORI—KE
14[0] FGEB%5F
FG_ON
0 EEGHIEESELTFGIESZLED S,
EEHEESNEC TE FGIEEZHNT 5,
© 2019-2022 2022_06_27
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8.1.17. E—A —DiEH & MEHDHRE
R I 72 & RS [rpm] THIE S 05§ 1E T — 2 — Dl O F(POLEPAIR)IZ L VW | 1 XA
B AR rpmICHE S CHIEI S NV E T,
A5 [rpm] = 1 5 JEIE 5 X (60s/(F6— & —fikk/2))

TC78BO09FTG

I

+& 836 E—AX—EBHORTE

LSRE—3RE
14[5:3] E—8—DEHK
POLEPAIR
000 2
001 4
010 6
011 8
100 10
101 12
110 14
111 16
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TOSHIBA

8.2. 3 FEE il
E— & — O E T Closed loop il ##l & Open loop il4#l 4 8RN T X £ 7,

=& 8.37 ZEEHIMERE

TC78BO09FTG

LR R —EE 11[0]
OPENLOOP EEHI
0 Closed loop
1 Open loop

8.2.1. Closed loop %l
Closed loop il D5 E DI EE 71— 7 (SPD 15 5 OfE & [RIELEEE O BIR) & Fatlim LET,

A
®
€
e L ]
] ®
g
[9)]
@
0% @ @ SPD input duty (%) @ 100%
K 8.11 Closed loop EEH—THI
% 8.38 Closed loop REE
EE B EEE BEAE BRES e
@ #28) Duty (Start Duty) 0~ 49.8% STARTDUTY / 512 0.2%
@ {21k Duty (Stop Duty) 0~ 49.6% STOPDUTY x 2 /512 0.4%
@ &K Duty (Max Duty) 50.2 ~ 100% (MAXDUTY + 257) / 512 0.2%
@ #2EH[EERE (Start RPM) 0 ~ 4095 STARTRPM 1rpm
® #KEERH (Max RPM) DR L@tk N/A N/A
® hNEIEE (Speed Slope) 0 ~ 1280 rpm/% SPEEDSLOP x 0.08 0.08rpm/%

SPD 1 51Z%F LT, e KRIFRBEIX 9-bit T,
- T FEBIEANTIOEE . Vvsey ~ VvspyDEEEIZS LT 9-bit O REELFFH E T,
« PWM Duty A JJC Duty 15§ 5D J& K $2% 1kHz ~ 20kHz OFFHN D54, /\ﬁ?ﬁ‘é X 9-bit T,
Duty 155 DJE##)s 20kHz UL EDA . RN E DL £7, #2103 40kHz O%45 13 8-bit, 100kHz
DOBAIX T-bit 12720 £,
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TC78B0O09FTG
INT A —H— DR ER:
AR E H A
L #E) Duty = 20%. f51E Duty = 18%. #x X Duty = 90%.,
EENEEAEL = 1500rpm, H KEFEEEL = 15000rpm
% 8.39 Closed loop /185 A —42 —E&5EHI
D’)Z@ - Y — B = =
7 FLR LORE—4 R EEE HERK HE
. STARTDUTY 0~ 255 _
3[7:0] [7:0] (0% ~ 49.8%) #2E) Duty x 512 0.20 x 512 =102
_ STOPDUTY 0~127 . _
2[6:0] [6:0] (0% ~ 49.6%) &1k Duty x 256 0.18 x 256 = 46
_ , 0~ 255 = _ e
5[7:0] MAXDUTY[7:0] (50.29% ~ 100%) B X Duty x 512 — 257 0.90 x 512 — 257 = 204
6[7:0] _ 0 ~ 4095 _,
717:4] STARTRPM[11:0] (Orpm ~ 4095rpm) ACENEIER 4 1500
8[7:0] SPEEDSLOP 0 ~ 16383 ?i;ﬁ?ﬂ%?gﬁ%ﬂ%ﬁ) (15000 — 1500) / (204 —
9[7:2] [13:0] (Orpm/% ~ 1280rpm/%) + 257) 102 + 257) x 64=2407
© 2019-2022 29

Toshiba Electronic Devices & Storage Corporation

2022-06-27
Rev.5.0



TOSHIBA

TC78BO09FTG

47+ a:(1): MaxDuty PL_E Closed loop -> Open loop (/] Duty = A7) Duty)
H# e+ 5HI2iE, MAXOPEN = 1 IR E L T &,
EFEI0 % Duty IZxf3 58 A7 U v AL MAXDUTYHYS CRETE £,

Speed (rpm)

®

0% @ @ SPD input duty (%) @ ® 100%

8.12 # 7L 3> (1)® Closed loop EEH—THI

% 840 #AFL a3 (1)® Closed loop B5E

EE 5% %E #i BEAHE BE S ERE
@ #2%) Duty (Start Duty) 0~ 49.8% STARTDUTY / 512 0.2%
@ {21k Duty (Stop Duty) 0~ 49.6% STOPDUTY x 2 /512 0.4%
® ?cﬁe%ﬂg’o(p'\"ixggml oop | 50:2 = 100% (MAXDUTY + 257) / 512 0.2%
@ #EBmEERL (Start RPM) | 0 ~ 4095 STARTRPM 1rpm
® HRKXEEH (MaxRPM) | DR &GIZIKTE N/A N/A
® ME{EE (Speed Slope) | 0~ 1280 rpm/% SPEEDSLOP x 0.08 0.08rpm/%
@ Open loop — Closed loop | (Max Duty — 6.4%) ~ (Max Duty — (MAXDUTY + 257 - (MAXDUTYHYS + 1) 0.4%

B Duty 0.4%) x 2) /512

© 2019-2022 30 2022-06-27
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TC78BO09FTG

IRT A —H— D% E B AR
B Duty = 20%. {51k Duty = 18%. #x K Duty = 90%. #x K Duty & A7 U v 2 = 4%(86%)
EENEEAEL = 1500rpm, H KEEEE = 15000rpm

£ 841 Z#FL3>2(1)D Closed loop /835 A —4& —E&EHI

LR — .5 < . .
. ~ — = E"} = =
7 RLZ LOXE—% BRE tER EtE A
STARTDUTY 0~ 255
. E =
3[7:0] [7:0] (0% ~ 49.8%) #2E) Duty x 512 0.20 x 512 =102
STOPDUTY 0~127 - _
2[6:0] [6:0] (0% ~ 49.6%) =1t Duty x 256 0.18 x 256 = 46
MAXDUTY 0~ 255 = _
5[7:0] 7:0] (50.2% ~ 100%) BX Duty x 512 — 257 0.90 x 512 — 257 = 204
6[7:0] 0 ~ 4095
: 5
7[7-4] STARTRPM[11:0] (Orpm ~ 4095rpm) ACENEIERE 1500
= Er— -
8[7:0) SPEEDSLOP 0~ 16383 e | (15000-1500)(204 - 102 +
. . 04 ~ 0, =
9[7:2] [13:0] (Orpm/% ~ 1280rpm/%) STARTDUTY + 257) 257) x 64 = 2407
] MAXDUTYHYS 0~15 (&K Duty EXT I 2 X[%]/ _
73:0] [3:0] (0.4% ~ 6.4%) 04)-1 4/04-1=9

F 7 g (2):

NOSTOP, MAXOFF D% iE

BREIWC XD, SPD {84 2N E) Duty LA FOBMEIXLA T & 7220 £,

5 8.42 Closed loop HIfHT® SPD {54 ANEE) Duty L FTOEIE

LORA—8& | LORA2—8& | LPRE—F BiERE
E 5E 5E
0,
9[1] 2[7] 9[0] SPD Duty = 0% Oﬁ;tSPDDDt“ty Stop zug :S’ PtD Duty
MAXOPEN NOSTOP MAXOFF =>top buly =>tat buty
Duty up: 0
0 0 0 0 Duty down: #EEIEIEE%K
= _, Duty up: O
0 0 ! BRERH 0 Duty down: #2EH[EIExEk
1 0 RCEN[EERE HCENEIER % Start RPM
1 1 RKEERH IR Start RPM
Duty up: 0
0 0 0 0 Duty down: #EEIEIEE%K
Duty up: 0
0,
1 0 ! 100% Output 0 Duty down: #2EH[EIExEk
1 0 FSE BT FSEEIL TR FSEEIL TR
1 1 100% Output 100% Output PRk EIER
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TOSHIBA

TC78B0O09FTG
A A
£ £
F r
0% SPD input duty (%) 100% > 0% SPD input duty (%) 100% g
NOSTOP=0, MAXOFF=0 NOSTOP=0, MAXOFF=1
A A
£ £

0% SPD input duty (%) 100% g 0% SPD input duty (%) 100% g

NOSTOP=1, MAXOFF=0 NOSTOP=1, MAXOFF=1

8.13 # 7L 3> (2)® Closed loop EEH— T H(MAXOPEN = 0)

£ =
s £
= s
g =
O T
& g
é

I V/

| |

1 - 1 -

0% SPD input duty (%) 100% 0% SPD input duty (%) 100%

NOSTOP=0, MAXOFF=0 NOSTOP=0, MAXOFF=1
A

E €
s s
; el
4 3
b3 3
Q Q.
a &
’ ’
r r
| |
! N ! .
0% SPD input duty (%) 100% 0% SPD input duty (%) 100%

NOSTOP=1, MAXOFF=0 NOSTOP=1, MAXOFF=1

E 8.14 Z# 7L 3> (2)® Closed loop iEEEH— T HI(MAXOPEN = 1)
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TC78B0O09FTG
F7va @) A SGEN
A
®
®

z

g

=

()

2

n

@

% @ @D SPD input duty (%) ® 100%
K 8.15 #FL 3> (3)®M Closed loop FEEH—THI
% 8.43 #FL 3> (3)M Closed loop BRER
B BEEE BEHE BESREE

@ #28) Duty (Start Duty) 0 ~ 49.8% STARTDUTY /512 0.2%
@ f=1E Duty (Stop Duty) 0~ 49.6% STOPDUTY x 2 /512 0.4%
® £&X Duty (Max Duty) 50.2~ 100% (MAXDUTY + 257) / 512 0.2%
@ EEIEERH (Start RPM) 0 ~ 4095 STARTRPM 1rpm
® RKEERH (Max RPM) DR L @Ik N/A N/A
® MNEFEEZ= 1 (Speed Slope 1) 0 ~ 1280 rpm/% SPEEDSLOP x 0.08 0.08rpm/%
H 51251k Duty (Change Duty) | 0.4 ~ 99.6% CHANGEDUTY x 2 /512 0.4%
© MNEFEEZ= 2 (Speed Slope 2) 0 ~ 1280 rpm/% SPEEDSLOP2 x 0.08 0.08rpm/%

MR ZENT 256, 17124 Duty Z#E) Duty & H K Duty ORIICERE L TS 7ZE 0,
OB RZEH LG, CHANGEDUTY % 0 12 E L TS 72 S0,
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INT A =B — DR EB:
ARE H

ELE) Duty = 20%, f%1k Duty = 18%. #x X Duty = 90%, (i/JZ{t Duty = 50%
EENEEAEL = 1500rpm, )21k Duty FF[El#A#0 = 5000rpm, i K[EHAE = 15000rpm

£ 8.44 Z#FL 3> (3)M Close loop 185 A —42 —E&EHI

LORa— . = = =
7 FLR LPRA—% = E sERX A
STARTDUTY 0 ~ 255
3[7:0] [7:0] (0% ~ 49.8%) #2H8) Duty x 512 0.20 x 512 = 102
STOPDUTY 0~127
2[6:0] [6:0] (0% ~ 49.6%) {£1t Duty x 256 0.18 x 256 = 46
MAXDUTY 0 ~ 255 o ~
5[7:0] 7] (50.2% ~ 100%) BK Duty x 512 — 257 0.90 x 512 — 257 = 204
CHANGEDUTY 1 ~255
4[7:0] [7:0] (0.4% ~ 99.6%) H AAZ 1k Duty x 256 0.50 x 256 = 128
6[7:0] 0 ~ 4095 ,
: 2
7[7:4] STARTRPM[11.0] (Orpm ~ 4095rpm) EBERR 1500
s = —

8[7:0] SPEEDSLOP 0~ 16383 %‘;E ;;;;;5 FC“S;H:EE%L’J&TY (5000-1500) / (128%2-

. . 0/ ~ 0, =
9[7:2] [13:0] (Orpm/% ~ 1280rpm/%) <2 STARTDUTY) 102) x 64 = 1455

= —kb _ oI5 j

10[7:0] SPEEDSLOP2 0 ~ 16383 6ax(RAMEERH — HAHEIE | (15000 - 5000) /(204 +
11072 13:0] (rpmi% ~ 1280rpmi%) | PUY BEEI454) / (MAXDUTY + | 257128 x 2) x 64 =

' ' prm/o pm/o 257 — CHANGEDUTY x 2) 3122
HAZE LS ZBINEA 7> a 1), @QEPFHTE X7,
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8.2.2. BlEEHZEILED IR

TS i E TS & & DR OZLEZHIRT D 2 & T REHN SIS TR e L& DE—H4 —

EILEEET,
# 8.45 REEBZELEOHREBHRE
LR E—ERE 18[7:5] ~
RPMLIMIT EERELE(Pm)
000 R
001 1
010 2200
011 3800
100 5400
101 7000
110 8600
111 10240
-9l
e EROT— - [EER
] ewmees
o ) ez
A )
BiEDE—4—[@E5EL  [EERESELE
R L=
> B[
B 816 BELTHEEGEHICEETHETOANA—D
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8.2.3. Open loop B Fil
A

®

2

=]

o

°<r

8 ®

5

o

5

o

@ ,,,,,,,,,

% @ O SPD input duty (%) @ 100%
BE 8.17 Open loop EEH—THI
% 8.46 Open loop BEX
HEB RS BEHE BESREE

@ #28) Duty (Start Duty) 0 ~ 49.8% STARTDUTY /512 0.2%
@ f&1t Duty (Stop Duty) 0~ 49.6% STOPDUTY x 2 /512 0.4%
@ &K Duty (Max Duty) 50.2~ 100% (MAXDUTY + 257) / 512 0.2%
@ /N H Duty (Min Output) | 0 ~ 49.8% STARTRPM[11:4] / 512 0.2%
® J|AHH Duty (Max Output) | DR & @Ik N/A N/A
® MEME= (Speed Slope) 0~16 HA%AN% SPEEDSLOP / 1024 tHjjl{%?i“jj%

SPD {5 512k LT, HeRAMFEREIL 9-bit T,
- T u ZEBIEATIOEA . Vvsew) ~ VvspyD EEEIZ3 LT 9-bit O fRREE FFH £ T,
- PWM Duty A /1 T® Duty 12 5D JEH%1T 1kHz ~ 20kHz O#FANOBE . fE#elL 9-bit TI,
Duty 155 DA Hu% 20kHz UL EDIFE . SRENE B £, Fl21E 40kHz O34 1T 8-bit, 100kHz
DA T-bit 12720 F97,

H 71 PWM D45 fiEREIE. H o PWM &3S 23.4kHz O340 9-bit TF, H /1 PWM &N &L 725
LIS REENME T L £,
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INT A= — DR E]:
AR E H A
L #E) Duty = 20%. f51E Duty = 18%. #x X Duty = 90%.,
/7] Duty = 10%., K H 71 Duty = 95%
3 8.47 Open loop /185 A —4 —&EHI
VLT bors—a R R #3E0I
_ STARTDUTY 0~ 255 _
3[7:0] [7:0] (0% ~ 49.8%) #2E) Duty x 512 0.20 x 512 =102
_ STOPDUTY 0~127 . _
2[6:0] [6:0] (0% ~ 49.6%) &1k Duty x 256 0.18 x 256 = 46
. . 0~255 - _ e =
5[7:0] MAXDUTY[7:0] (50.29% ~ 100%) &K Duty x 512 — 257 0.90 x 512 — 257 = 204
. . 0~255 - _
6[7:0] STARTRPM[11:4] (0% ~ 49.8%) /N5 Duty x 512 0.10 x 512 =51
_ 0 ~ 16383 1024 x (K H 51 Duty x 512
S0l | SPEEDSLOP | (o | srantepwiaouTy | (0557552
) ' A F1%) — STARTDUTY + 257) B

F 7 a )

F 7 g (2):

MAXOPEN, NOSTOP, MAXOFF o

Max Duty LA = 177 Duty = AJj Duty
HEETHI2iE, MAXOPEN=1 |

IRELTLIZENY,

G102 Duty (2345 27 U 2T MAXDUTYHYS TixET& £75,

NOSTOP, MAXOFF D% E

BREIWC XD, SPD {84 2N E) Duty LA FOBMEIXLA T & 7220 £,

+& 8.48 MAXOPEN, NOSTOP, MAXOFF D& EFE

RIEICE V. Duty 2EHE) Duty LA FOEMEZLI T &2 0 £97,

. . LORE—]& | LYRE—F %
LS &—iE o E’)" &% o ; & BiREE
91 0
MAX[OI]DEN 217] ol0] SPD Duty = 0% Oﬁ;tiPDDEtu N >op zustfa: SEtD Y
NOSTOP MAXOFF = Stop Uty = Y
Duty up: 0
0 0 0 0 Duty down: &/MNHA
- Duty up: 0
0 0 L BAHA 0 Duty down: &/MNHA
1 0 &=/NMEA &=/NMEA =2\
1 1 =AHS = I NP =2\
Duty up: 0
0 0 0 0 Duty down: &/ A
Duty up: 0
0,
1 0 L 100% Output 0 Duty down: &/ A
1 0 w=/NMEA w=/NMEA =/ A
1 1 100% Output 100% Output =/ A
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Output Peak Duty (%)

0% SPD input duty (%)

NOSTOP=0, MAXOFF=0

Output Peak Duty (%)

100%

0% SPD input duty (%)

NOSTOP=1, MAXOFF=0

100%

B 8.18 #F< 3> (2)d Open loop iEEH— THI(MAXOPEN = 0)

100%

Output Peak Duty (%)

0% SPD input duty (%) 100%

NOSTOP=0, MAXOFF=0
A
00|

2
Z
=1
o
x
S
o
5
s
=3
o

0% SPD input duty (%) 100%

NOSTOP=1, MAXOFF=0

Y
7777777777777777777777777777777777777 1
g€
2
a
3
o
g
5
o
A
A\ o
0% SPD input duty (%) 100%
NOSTOP=0, MAXOFF=1
A
g
2
[=]
~
3
a
g
=)
o
A
0% SPD input duty (%) 100% g
NOSTOP=1, MAXOFF=1
A
T 7
E
5
o
~
3
o
o
3
=3
(e
0% SPD input duty (%) 100% -
NOSTOP=0, MAXOFF=1
A
100%
g
2
[a]
-
o
5
g
=1
(]
0% SPD input duty (9 100%

NOSTOP=1, MAXOFF=1
B 8.19 # 7L 3 > (2)M Open loop EEH— THI(MAXOPEN = 1)

© 2019-2022
Toshiba Electronic Devices & Storage Corporation

38

2022-06-27
Rev.5.0



TOSHIBA

TC78B0O09FTG
A7 a v (3): Al AGEN
A

®

<

5

[m]

X

3

[a

5

g

>S5

o

@

Y .
% @ @D SPD input duty (%) @ 100%
® 8.20 #7732 (3)®M Open loop EEH—THI
% 8.49 #FL 3> (3)M Open loop BRER
EH BREEE BEAE BRES fERE
@ #28 Duty (Start Duty) 0~ 49.8% STARTDUTY / 512 0.2%
@ f=1t Duty (Stop Duty) 0~ 49.6% STOPDUTY x 2 /512 0.4%
® &K Duty (Max Duty) 50.2~ 100% (MAXDUTY + 257) /512 0.2%
@ /M A Duty (Min Output) 0~ 49.8% STARTRPM[11:4] / 512 0.2%
® &AM A Duty (Max Output) DR L®IZKE N/A N/A
. 1/1024
(€] ~ 0 0
® HOE{EZ 1 (Speed Slope 1) 0~16 HAWANA% SPEEDSLOP / 1024 9%/ A $1%
{7121k Duty (Change Duty) | 0.4 ~ 99.6% CHANGEDUTY x 2 /512 0.4%
1/1024
- _

@ MFH{BE= 2 (Speed Slope 2) 0~16 HAWAN% SPEEDSLOP2 / 1024 1196/ A 1%

MR ZENT 256, 17124 Duty Z#E) Duty & H K Duty ORIICERE L TS 7ZE 0,
OB RZEH L ngpa . CHANGEDUTY % 0 12 E L TS 2SN,

© 2019-2022 39 2022-06-27

Toshiba Electronic Devices & Storage Corporation Rev.5.0



TOSHIBA

TC78BO09FTG

INT A =B — DR EB:

AE H AR

ELE) Duty = 20%, {% 1k Duty = 18%. # X Duty = 90%. Z{ti Duty = 50%

/M7 Duty = 10%., 2 (ks Duty K /) Duty = 40%. i KH 7] Duty = 95%

% 850 ZAFL 3 (3)M Open loop /185 A—45 —E&EHI

LORR—

s o - & B E E
7 FLZ LORE—% S EHE TE +E 51
STARTDUTY 0~ 255
. E =
3[7:0] 7:0] (0% ~ 49.8%) #2H8) Duty x 512 0.20 x 512 = 102
_ STOPDUTY 0~ 127 N ~
2[6:0] 6:0] (0% ~ 49.6%) {1t Duty x 256 0.18 x 256 = 46
MAXDUTY 0~ 255 - ~
5[7:0] o (50.2% ~ 100%) B Duty x 512 — 257 0.90 x 512 — 257 = 204
CHANGEDUTY 1~ 255
: A =
4A[7:0] [7:0] (0.4% ~ 99.6%) Z1{c = Duty x 256 0.50 x 256 = 128
STARTRPM 0~ 255 _ ~
6[7:0] 11:4] (0% ~ 49.8%) /N F1 Duty x 512 0.10 x 512 = 51
0 - 16383 1024 x (£1b = Duty Bt h
8[7:0] SPEEDSLOP (© 706 A% ~ Duty x 512 — STARTRPM) / | (0.40 x 512 — 51) / (128 x 2
9[7:2] [13:0] 1 M;/M;’/) (CHANGEDUTY x 2 — —102) x 1024 = 1022
> ° STARTDUTY)
1024 x (FKHi 71 Duty x 512
10[7:0] SPEEDSLOP2 0 - 16383 _ #5{tA Duty Bt 5 Duty) / | (095 * 512-0:40x512)/
(0 B 1%/ A H% ~ (204 + 257 — 128 x 2) x
17:2] [13:0] 16 H 5%/ A F1%) (MAXDUTY — 1024 = 1404
> ° CHANGEDUTY x 2 + 257) -
HAOZ bR ZBINIA 7> a Q). @QEPFHTE £,
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8.3.1°C & NVM

RCHEATHEL Y AZ —LBfET 5 ZENTE, FERE T A—F—%Z NVM bt L Ty A H

—IZRIFLET,

8.3.1. P'C BEEAE

soa \ [

/__ SDA/

SCL ST\ /_-_\ /SP SCL

FrgR S

B 821 RX%#—F2O

- 2CEF FEDOEEAHLTFIR
1) A —FrarvsF gy

2) 12C DAL —77F7 KL A + Write

3) LYAZ—DT KL &
4) HIET — 2 EEIAL
5) Ay Fars 13igy

T4

BT &N

/

SDA Bl fR#

f

SDA Z B AT RefRE

YavERbyFTarFalavET—RiEE

# 8.51 IPCHEEEEIAHHE SDA &/IMNT—42 5

S I2C Slave Address

A

Register Address

A

Control Data

A6|A5|A4|A3|A2|A1|Ao|mw

A7|A6|A5|A4|A3|A2|A1|AO

D7|D6|D5|D4|D3|D2|D1|DO

+ S: START condition
- A : Acknowledge
- P : STOP condition

- 12C BEFHHEOTAH LFIE

1) AZ—harvs gy

2) 12C DAL —77F KL A+ Write

3 LYAX—DT FL A
4) AHA—harTF 4 gy

5) I2C DAL —77 FL A+Read

6) T — 2 FE L
N ARy Farss gy
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8.3.2. NVM E&JE

- ID2 ¥, IDI T+ CAL—T T RLRZBEBIRTAZENTEXET,
ID2 ¥+ =Low. ID1 i+ =Low D&, VLI AKX —IEBEDOAL—T T L AZEXALZ L TAL—
TT RVAEZERTH LW TEET,

® 852 AL—TZ7FLADEE

ID2 #%F ID1 ¥%F AL—TF7EKLR wE
L £ X% —25[7:1]:SLAVE_ADRS
Lo Lo 0101001 (#)EA1E -
W W (IAA1E) NVM ~NREFTEET
Low High 0101001 —
High Low 0101101 —
High High 0110010 —

* NVM (ZIFZEL R O FNETHEAH L/EZ AL AREICR D £,

« NVM DA H UFIE

1) LY REZ—7 FL Z:86 12 8 b0000_0000 % X AT,

2) LYAX—T KL A:87128 b0000_0001 2 EXIALT, NVM DFisH LA

3) FFAIREH]

4) VIAZ—=T RLA:87% U —FKL, 8 b0000_0000 (272> T35 Z & ZHERT 5,

* NVM D& &iAHFIE
1) LYPREZ—7 KL Z:86 12 8 b0000_0001 % X AT,
2) LYAX—T FLA:87128 b0000_0001 2 EXIALT, NVM DO EEIALBLA
3) FFIHIRER
4) LIAZ =T FLA:87% U —FKL, 8 b0000_000 (272> T3 Z & aMERT D,
¥ BRI o THEZIALBENTE T LWgGE
5) LY AKX —T KL A:87(28 b0000_0000 % EEIiAAL T, NVM OEEALBEZREIK T35,

1. Register Adress:86
WRITE :2'h0000 0001

2. Register Adress: 87
WRITE 2 h0000_0001

l

3. Wait100ms

L

4. Register Adress:87
READ

2. Regist‘er Adress 87
WRITE 2" k0000 0000

B 8.22 NVM DEZEAA70O—

Mo

8h0000 Qo007
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8.33. LYRA—
%« 853 LPRA—TvS
0 76 |- — — R 0
0 5 |[cP_Low Fy—URUTEEBTEREIRRE (0: Normal, 1: Error) — R 0
0 4 |TSD BEAEEIKEE (0: Normal, 1: Error) — R 0
0 3 |[IsD BEREEIKEE (0: Normal, 1: Error) — R 0
0 2 |ov_sPD RAEEHEEIRE (0: Normal, 1: Error) — R 0
0 1 |UD_SPD B/MEIEHEFIRE (0: Normal, 1: Error) — R 0
0 0 |ST_FALL HEEIREIREE (0: Normal, 1: Error) — R 0
1 7:0 |USERID 71— @) R/W 0
2 7 |[NosTOP fZIELEWE—F (0: £&ES, 1. ) @) R/W 0
2 6:0 |STOPDUTY £ 1t Duty @) RW 0
3 7:0 |STARTDUTY #28) Duty O RW 0
4 7:0 |CHANGEDUTY ZEph s Duty @) R/W 0
5 7:0 |MAXDUTY &K Duty O RW 0
6 7.0 |STARTRPM HEENE iR o RIW 0
7 7:4 |STARTRPM ECENEIER %K O RW 0
7 3:0 [MAXDUTYHYS Open loop ¢ Closed loop DERXT 1)L R O RW 0
8 7:0 |SPEEDSLOP IEAE = @) RW 0
9 7:2 |SPEEDSLOP IEAE = @) RW 0
9 MAXOPEN &K Duty ELE Open loop (0: &3, 1. A%h) (@) RIW 0
9 0 |MAXOFF SPD #5% OFF B¥23&E (0: &%, 1. A%) (©) RIW 0
10 7:0 |SPEEDSLOP2 TR UEQINRIE S O RW 0
11 7:2 | SPEEDSLOP2 TR LEOIMRIE S O R/W 0
11 1 |VCP_MASK — R TEEEHREHEE 0 A%, 10 £%) (@) RIW 0
11 OPENLOOP EEFI{E (0: Closed loop, 1: Open loop) @) R/W 0
12 KIX KI x 8 f& (0:1 &%, 1:8 &) O R/W 0
12 6:0 [KI KI (0 ~ 127) O RW 0
13 7 |KPX KP x 8 f& (0:1 1%, 1:8 f&) O R/W 0
13 6:0 |KP KP (0 ~ 127) O R/W 0
14 STBY_MODE ABUNLE—F @) R/W 0
14 DIR CWCCW inFDEERAROEHS (0: RERES, 11 REHE) (@] RIW 0
14 5:3 |POLEPAIR 1Bt O R/W 0
14 21 | MAXSPEED ijéjbfgﬁibxeﬁlﬁia“é L EDMHH S Duty ZRH DR o RIW 0
ERE R E

14 0 |FG_ON FG i 0 il 1 (@) RIW 0
15 7:5 |FGSEL FG i FD/NIL A% O R/W 0
15 TSPSEL SPD ##FARESER (0:7F+-0YERE, 1:PWM Duty) (@] RIW 0
15 SPDINV SPD AA#EM (0: EAC Y, 1 #FATvy) (@) R/W 0
15 LATCH EXRHEREE 0 HEER, 1. SvF) @) RW 0
15 1:0 [OCPMASK OCP 7 1 L2 —B§EF%E O R/W 0
16 7 |LOCKDIS RHEERFOEBESEL O B3, 1. BY) O R/W 0
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AEDSDSR Bit &% HEA NVM VT/?i&tlg:::/?V M
16 6:4 |DUTYCHGLIMIT Duty ZE1E @) R/W
16 3:1 |STARTCURRENT EEHAER) IV O RIW
16 0 |OCPDIS HABRY S v bgEE (0 B, 1 ER) O RW
17 76 |ss_ADD_SEL %2?&?& DIy rALEEERY S Y MBITHOBRYI Y b o RAW 0
17 514 |sS_UP SEL ESQS%ADD_SEL REMNOD 350ms CEDHABRY v MEME o RIW 0
17 3:1 |SS_DUTYCHGLIMIT |V 7 kX% — LEED Duty hnijsE IR O RIW 0
17 0 |DUTY_UP_TIME Duty DESHEDFHEER (0:2.7ms, 1:10.8ms) (@) RIW 0
18 7:5 |RPMLIMIT EEHEL2DFHIREE O R/W 0
18 BRK_INV BRAKE ifF DB RERRFE (0: &3, 1. H) O RW 0
18 isd_mask HBEFRRHBEEE (00 A%, 1 &) ©) R/W 0
18 2:1 |RS_SEL RSAMGFDT7FOT 7 4L —HKRE O R/IW 0
18 0 |ANTITHROUGH B &) Dead time #lf# (0: %), 1: E®) O RW 0
19 7:5 |WAIT_TIME TL—%o—5 U XDEMRE O R/IW 0
19 WAIT_MODE TL—F =45 U RABOHABEDIKE O R/IW 0
19 WAIT_CON TL—F =7 REBEOBITIRE O RW 0
19 2 |Lock BRK BNEGHRELEHREOREFOMERE (0: OFF, 1: ¥3 | RIW 0
—rIL—%)
19 alertinv ALERT ifiF D EEIKEE DB (0: High=Error, 1: Low=Error) (@) RIW 0
19 0 |tsd_mask BGEBTHEEE(O: BR, 10 &) O R/W 0
20 7:5 |TRE HEHNRBOSRTE O RIW 0
20 4:3 |PreTIP 1 BB OERMEREORE O RW 0
20 2.0 |TIP 2 Bl B OEFREEE DR E O RW 0
21 7:4 LA EADHE O RW 0
21 3:2 |FMAX RAREGERBEEREOREHDHEE O R/W 0
21 1:0 |FST RHERR AR DEE O R/W 0
22 7 |sLopP VI RRAYFUTDEHRTE O RW 0
22 6:5 |LAP BEAEORE O RW 0
22 4:2 |FPWM tHh PWM BiE# DR E O R/W 0
22 1:0 |DEADTIME TV R LOFEE O R/W 0
23 ISD_LVL ISD EEEBEDHE (0:1V, 1:0.5V) @] R/W 0
23 OCP_LVL BEEANERY v b VOC DERE O R/IW 0
23 5:3 |SOURCE LRIBLUTHEY —RERDERE O RW 0
23 2:0 [SINK FRIBLUTRIS VY ERDERE O RW 0
24 7:6 |COMP_HYS MEBEREIV/IAL—F2—DERT) S RBEREDHRE O RIW 0
24 5:0 |— — O R/W 0
25 7:1 |SLAVE_ADRS PC AL—T7 FLRDHE O R/W 0x29
25 0 |— — @) R/W 0
26 7.0 |— — — R/W 0
27 7:0 |SPD EEHEIES DT — R/W 0
28 7:6 |SPD REHHERORE - R/W 0
28 50 |— — — R/W 0
29 7:0 |hz_cnt B &5 B R - R 0
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30 7:0 |hz_cnt EERER: € — R 0
86 71 |— — — R/W 0
86 0 [NVM_W/R NVM @ READ/WRITE (0:READ ®],1:WRITE ) — RW 0
87 71 |— — — RW 0
87 0 |NVM_ST NVM L2 (0:ALER#R2T,1 ALERBHLR) — R/W 0

8.4 REBHMEE (x5—E—F)
8.4.1. RIEREBRHMEE
B SRR T ERSEIE R B BBERR . v — R FEIEE T BGERHSAS . i KRS
BoNEsE R EERE NS T,
BHRBEA RN LT E, =7 —F— REA20 | BFEIKEERLIT IC BfEEE L3, B RRERmRH.
F v — VR FEEET, BUERHEEE, RREEERT L, 17 FET £ OFF L7220 £3, HK/Nalisk i m,
HEREIIL A —REICL YA FET £ OFF, v a— 7 L—%Lt7/40 £, £/~ ALERT S TR

FRIOREZ2 ) LET, \ ‘ )
UVLO PAMET T —F— FRFZ I2C 1T X Y EORFERIBRES R L2 Z2 LY A Z =0 b5A s 2 &
MTEET,
%= 8.54 EERHisaE
BEERH J—FLORE— RHEH RREH
EREEERY _ VM < 3.9V or VM > 4.2 and
(UVLO) VREG < 3.7V VREG > 4.0V
= Output current < ISD

H A ERR ISD threshold AND
(1SD) 0[3] Output current>1SD threshold . Auto restart after TRE

OR Release operate
Fr—SRY FEBE CP_LOW * VCP-VM> 4.0V AND
¥ H (CPVSD) 0[5] VCP -VM < 3.7V * Auto restart after TRE

OR Release operate

- - Tj<130°C AND

?’LSJED&)J? 1(-)?4? Tj>170°C + Auto restart after TRE

OR Release operate
RABEHER OV_SPD FMAX B&BE < REDOREIKH + Auto restart after TRE
(FMAX ERROR) 0[2] FMAX:0.75kHz/1.5kHz/3kHz/disable OR Release operate
=/NEEEHES UD_SPD FST #&% > BREDORRE - Auto restart after TRE
(FMIN ERROR) 0[1] FST:1.6Hz/3.2Hz/6.4Hz/12.8Hz OR Release operate
EHEE ST_FAIL BWEEER T4 EEELTH, T — L REEENC - Auto restart after TRE
(STARTUP FAIL) 0[0] BITTERGL OR Release operate
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8.4.2. REBRHEN S EIREIME

UVLO LS o BEEREAZBH L T —F— N84, EREMEZBENER N E T v F A28
RTxFET,

HElER UL, =7 —F— ’&., L IUVR X —REOFEESRFRRBZIZER LET, 72, MBREIMETH
HIRLES,

7 v FHRIT, =7 —F— N&, BEREWET D2 ETHERLEEA,

® fEpRENE
CHEERETE T EZ 0 AT D,
c AL AT = FIT D,

- &% OFF 123 %,

TC78BO09FTG

& 8.55 HEREERTE

LORE—EE
15[2] HIREE
LATCH
0 BEEEAR
1 IYvFARK

% 8.56 MHEBIFREO®RTE

LR A—8&E
20[7:5] BEBRME (s)

TRE

000 0
001 0.5
010 1
011 1.5
100

101 4
110

111 10

8.4.3. ALERT
ALERT i 134 —7> R A T, BERELARE LGSR —F— RNk, HhLE
9, ALERT 81O H 1 O I3 E T& £,

% 8.57 ALERT i FOEREREBOIBIERE

LORA—BTE
19[1] BEReE
alertinv
0 High
1 Low
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TSD/ISD/CPVSD ‘
FMAX/FMIN/STARTUP FAIL

Detect error Release error

Restart time

START STOP

Operation mode Normal mode Error mode Startup Sensorless mode

ALERT i
(Polarity:positve:0) |

ALERT
(Polarity: negative:1)

Each error signal in register

GHU/GHV/GHW |Normal operation Normal operation |

GLU/GLV/GLW Normal o erationl Normal operation |
(When FMIN and Startup fail set OFF.) P
GLU/GLV/GLW 5 : t' | N : " |
(When FMIN and Startup fail set short brake.) IMI SUULEL ClEEEUIL

K 8.23 HEERARXEBOIS—E—FODEAIVTFv— M

SPD=0 SPD=ON

TSD/ISD/CPVSD 1 § 3

FMAX/FMIN/STARTUP FAIL

‘
Detect érror Release error

Operation mode | Normal mode Error mode Idle mode | Startup | Sensorless mode

ALERT ‘
(Polarity:positve:0)

ALERT -
(Polarity: negative:1)

I

Normal operation |

Each error signal in register

GHU/GHV/GHW |Normal operation‘
GLU/GLV/GLW —
(When FMIN and Startup fail set OFF.) [Normal operation

GLU/GLV/GLW —
(When FMIN and Startup fail set short brake.) Normal operation

Normal operation |

Normal operation |

B 824 SywFARBIS—E— FOEEFEIESHEBROZAI VT Fo— M
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TSD/ISD/CPVSD

FMAX/FMIN/STARTUP FAIL

Detect érror

Standby mode:ON
Power supply:OFF

Standby mode:OFF
Power supply:ON

Release e

rror

Operation mode | Normal mode

Error mode

Standby mode
Power supply off

Normal mode |

ALERT

(Polarity:positve:0)

ALERT 1

(Polarity: negative:1)

A

Each error signal in register

GHU/GHV/GHW |Normal operationl

GLU/GLV/GLW :
(When FMIN and Startup fail set OFF.) [Normal operation

GLU/GLV/GLW

(When FMIN and Startup fail set short brake.) |[Normal °pe"’ti°"|

x|
Hi-Z i Normal operation |
| i Hi-Z i Normal operation |
i Hi-Z | Normal operation |

B 825 SYFAXBIS—FE—FORE2/IN\AE—FIEROFFBBRDSAIVTFv— Ml
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8.4.4 RXEEHRE. /IEAGEHRE. EBRE
B REMESE L, — & — ORI R KRR R EEOELL B2 > 72556
3 FET O /1% 4 OFF IC L £ 7,

TC78BO09FTG

T —%—RF&RD ., 4
A/ NEREUER T, T —F —OEEEEDMET U CRHERE BB Il > 756, =7 —F—FLRD
F9, BRIEFFOEMEZ, SMHT FET O )22 O0FF REL v a — M7 L—FRELRINTEET,

EENRE L, RS CE— % — % 4AiE L CH B — L RERENCRBIT CX WS, =9 —F— K&
720 F£9, mHEEOEEIL, M FET OH 22 O0FF &R EL Y a— b L —FREZBIRTE 77,

E—H—=Hu T LIS,
e NP AL/ = N

T —=PEEETE W, m/hEERERE >, EBREZRE LT —

*& 858 BAMERBB(BRKEEHLL)RE

LORE—8&E
21[3:2] A EER AR
FMAX
00 0.75kHz
01 1.5kHz
10 3kHz
11 mL

#& 850 MHERARBE/MEGEHER)RE

LYRS—E/E 21[1:0] T EniR tH B
FsT ERAREA ESEAER)
00 1.6Hz 200ms (5Hz)
01 3.2Hz 100ms (10Hz)
10 6.4Hz 50ms (20Hz)
11 12.8Hz 25ms (40Hz)

» SRIFRTC I A T/ N RIS ORI AR R L R T2 0 | Z2fiski e & L4,

# 8.60 B/NOEBERELEDEREORUBOBIERE
LORE—
FRE 19[2] e
LOCK_BRK
0 HH FET £ OFF
HAFET Y 3—rJL—F

# 8.61 EEEEHBEOCHI/EISTE

LYRE—BTE
16[7] EBREHE
LOCKDIS
0 '
1 E: 3|
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8.4.5. BIRIEEE&HRH (UVLO)

EIEE T & X OMBYEZ < 72 EIREEABHEGH L ) FES & % A IC % OFF S ¢ %7,

VM IR & VREG SR A B L, VM EIREFER 3.9V (BT, 721X VREG HE7S 3.7V(E
DL CRINBEN B L S 1 08V (R 00 %7 1 & i VM AEIER 4 2VORHOL, |
73 VREG FIEAS 4.0V L ClRA BRI AR L %7

Error d&tecfiun Errl:llr releaze

Lo [ I

[ |
ALERT
(Polarity: positve: 0} [ I

ALERT

]
]
1
1
]
]
1
1
]
]
1
1
]
—_— -
1
1
]
]
1
1
]
]
1
1
]
i
- ] -

(Polarity. negative:1y _____________\____________\_________________
GHUWGHWIGHW | MNormal o peration Hi-Z Mormal o peration |

| |
GLUGLWIGLW | Mairmal o peration Hi-Z Mermal o peration |

B 8.26 UVLO BIERDAR A IV JFv— kil

8.4.6. BT (1SD)
SNFHT FET IO\ KAREBRDNTBENGT 5022, ==X —EmEaMIT v MEIiTHRHE L=
T, B—H—ERTIHMT v o MERBUSHEA L7=FEED RSA a2 A &, ISD E#EEE VISD KL
Rl o 285A . SMHF FET o %4 OFF iIc L £,

5% 8.62 ISDE#ZEBEHRTE

LURA—E .
VA —E ISD #&EE
23[7]
VISD
ISD_LVL
0 v
0.5V

= 8.63 ISD HEEDOH/EIERTE

LORF—E&TE 18[3]
isd_mask ISD HAe
0 A%
1 i)
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8.4.7. Fx—URY FIEEERH (CPVSD)
VCP & VM O -MEEN 3.TVUERE) LI T OBA ., T—F—HIH OFF Hi-ZDIZ7e 0 £7, 0.3V(E
YD AT U VAENRH Y . WA EOEEZED 4.0V GELE) DL ECEyEEfEIcEIR L £,

;& 8.64 CPVSD HeEDH /TR E

LORA—5&5E
11[1] CPVSD #45E
VCP_MASK
0 A%
1 3!

8.4.8. BMEMTHLEE (TSD)
BUEWTHEHE(TSD) 2 B L vk T,
Tj = 170°C (FEHELL 1127 5 & BUEWH&AE S BIE L, ) FET %4 OFF 12 L9, 40°CUE#) D &
AT U AMERH Y 130°CHENE) LITICR S &R L ET,

% 8.65 TSD #BEDH XN/ FXIERTE

LER2—ERE
19[0] TSD #ke
tsd_mask
0 a0
1 3
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9. X mAEMR
& 91 EFABRKEREFITHELLEVRY. Ta=25°C)
HH iLs EHE B e
E—4—EBRERE VMvmax 30 \Y VM
5VEEER VREGvmMax 6 (1) \% VREG
VCPvmax | VM+10 (X 1) Y VCP
Fr—URUTEBRE VCPMvmax VM \% CPM
VCPPvmax VM+10 Y CPP
mant | 0s-s | v | ST
ANBE Vmaxin2 30 v OUTU/OUTV/OUTW
Vmaxin3 6 \% RSA/RSB
Vmaxol 18 Y GLU/GLVIGLW
HAEE Vmaxo2 6 Y, ALERT/FG/PHBF/PH
Vmaxo3 VM+10 v GHU/GHVIGHW
Imax1 10 mA ALERT/FG
Imax2 -120 mA GHU/GHV/GHW/GLU/GLV/GHW
HAER Imax3 240 mA GHU/GHV/GHW/GLU/GLV/GHW
Imax4 2 mA PHBF
Imax5 30 mA VREG
HAREERF (4 BEMRFR4:76.2mm x
BRSPS Pb 4.1 W 114.3mm x 1.6mm)
Rth (j-a) = 30.5°C/W
EMERE Topr -40 ~ 105 °C —
RERE Tstg -55 ~ 150 °C —
EEEEE Tjmax 150 °C —

E£1: VREG, VCP EEIX IC NECA RSN E T, A LELEHML 2N T 720,
1 2: u“jﬁ@(;miﬂ.{mg\ FEFHECLVHIRIND25E607H0 £, #AMIEELB 20
LK EHEIT o T TE &N,

e i RERS IBRRF 72 0 & B2 TIR S0 B T,

we i R ERS 22 % & IC DR H LG OIRK & 7220 | IC SN bIRESH G S e 525
BN Y T, W DEERMCB DT O L THTRRKER Z B RN L D ICREFT 21T > TS
W, TEEAICER L CiE, SRS VBRI T T < 72 E 0,
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10. ShEEEEH
& 10.1 EEEE (BICHEENLZULVMESE Ta=-40 ~ 105°C)
EH e | & | BE | &KX | HA L
VM EREE 1 Vm(oprt) 9 14.8 27 Vo=
BRMBHOESDE <
VM EBREE 2 VMopr2) | 5.5 — 9 V| RY, BXARHEREE
THELEELL,
VM EREFE 3 Vieps) | 108 | 148 | 27 | v |MESAHEVMBREEE
A1 PWM 1B EIREK frsp 1 — 100 kHz |[—
A7 2C CLK Bk % fsck — — 400 kHz |—

#F 10.2 NVM ¥
by = E3.3 BN | BK | B
EFHZ A Tj=0~90°C 10 — Cycle
10.1. FB B LS
Pp—-Ta
4.0 NG
N,
R N
3.0 N
[a)
* N
2.0
bl NS
" 1.0
0
0 25 50 75 100 125 150

AREE Ta (°C)

HiRERM(4 BEMR:FR4:76.2mm x 114.3mm x 1.6mm), Rth (j-a) = 30.5°C/W

10.1 FHFrEBELEMH
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11. EREHE

£ 111 XM FICHEELSLGLMES VM =148V, Ta=25°C)
i /(B B | s BE S &/ RE X Bifr
BRER1 lvma TA RILE—FR — 15 18 mA
BRER 2 lvmzste | R A 2734 E— K STBY=0V — 0 10 PA
VM UVLO EBiEEE Vuwown |VM BREE T 3.7 3.9 4.1 \%
UVLO ERXTY L RERE Vuvhywm | — — 300 — mv
UVLO ERREE Vuvrwm  |VM BEREE LR 4.0 4.2 4.4 \%
5V E#ZER Vvres  |lout = OmA 4.75 5.0 5.35 \%
5V EEBEHANER Vivree | lout =-10mA 4.75 5.0 5.35 v
VREG UVLO BiEEE Vuvovree | VREG EREX TR 35 3.7 3.9 \%
UVLO ERT UL RER VUVHYVREG |— — 300 — mvV
UVLO fRREE Vuwrvres |VREG BREX L REF 3.8 4.0 42 \Y,
VM=9V: 74 FILE—F
Fr—URUOTER Vwver  |VM — VCP ##FR/ : 0.1uF, VM+75| VM+8 | VM+85 Y,
CPP - CPM ¥R : 0.01pF
VCP CPVSD EIEEE Vcpvsbo xm ; \S/E\F; i F R T By 3.4 3.7 4.0 \Y,
CPVSD ERXATU VRERE VcpvspHY |— — 300 — mv
CPVSD fZIRERE Vcpvsbr xm ; XE\F; W ERBE LR 3.7 4.0 4.3 Vv
HAHEE VoreHx | lout = -1mA VCP-1.5| VCP-0.3 VCP \%
HhLERE VoLgHx |lout = ImA — 0.3 0.8 Vv
gns; HAV—RER 1 IsogHx1 |— -12 -10 -8 mA
GHW HAV—XEHR 2 IsogHx2 | — -120 -100 -80 mA
HAL HER IsiGhxt  |[— 16 20 24 mA
HhLVOBR2 Isighx2 | — 160 200 240 mA
HAHEE Vorex | lout = -1mA 6.9 7.7 8.5 \%
HhLERE VoLeLx  |lout = 1mA — 0.05 0.2 Vv
g::\L;’ HAV—RER 1 IsoeLxt  [— -12 -10 -8 mA
GLW HhY—REH 2 lsosixe | — -120 -100 -80 mA
HAL L HER IsioLxt | — 16 20 24 mA
HhLVOBR2 Isielxz | — 160 200 240 mA
avnNL—4—* oty FERE Veorsoutx |(BEIE) -1 0 1 mvV
88%9: AVNL—E—ERTUYLRERE 1| Venvourxt |(BEIE) +40 +100 +150 mv
ouTW AVIRL—E—ERTYPRERE 2| Venvourxz |(BEIE) +80 +200 +300 mv
AVNL—EF—ERTYPRERE 3| Venvourxs [ (BEIE) +120 +300 +450 mv
ABNHER Viuste |— 2.0 — 55 \Y
AALEE ViLsTB — -0.3 — 0.8 \Y
STBY EXTUIRERE VHystB | — — 200 — mVv
H AHER lhste | Vin =5V 17 25 33 HA
L ANER liste Vin = 0V — — 1 PA
AR N E— F{LBsE Tserste  [STBY:H—L 95 100 105 ms
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R/ E B EE iE e B/ b =N By
ABHERE ViuseD | — 2.0 — 5.5 \Y,
ABDLERE Vi,sep | — -0.3 — 0.8 \Y
EXTUIRERE Vhysep | — — 200 — mv
52—_2'?)9» HAADER lwseo  [Vin =5V — — 1 PA
Erljj L AAER liLspp Vin = 0V — — 1 PA
AN fispp — 1 — 100 kHz
100%Duty & H BERE tioospp | — — 1.5 — ms
0%Duty 4 H BfE toseo  |— — 100 — ms
SPD 100%AHNEE Viooseo | ADC = 512(100%) 3.9 4.0 4.1 v
7ray
F;#;i_:)\ﬁ 0%AHEBE Vospo | ADC = 0(%) 1.4 15 16 Vv
ABHERE ViHew  |— 2.0 — 5.5 \Y,
ABDLERE ViLew — -0.3 — 0.8 \
CWCCW |ERTYIRERE Vhyew  |— — 400 — mvV
H AHQER lew  |Vin =5V 70 100 130 HA
L AAER liLew Vin = 0V — — 1 PA
ADHERE ViHew  |— 2.0 — 5.5 \Y,
ANDLERE Vieew |— -0.3 — 0.8 \Y,
BRAKE EXTYIRERE Vhyew  |— — 400 — mvV
H AHQER lew  |Vin =5V 70 100 130 HA
L AAER liLew Vin = 0V — — 1 PA
ABHERE ViHseL |— 2.0 — 55 \
ANDLERE ViLseL  |— -0.3 — 0.8 \Y,
SEL EXTUIRER Vhyser |— — 400 — mV
H AHER lmser | Vin =5V 70 100 130 PA
L AATER lseL | Vin =0V — — 1 HA
G HhLEE Virs  |lout = 5mA — 0.15 0.30 Y%
HAhy—oER Lo Vout = 6V — — 1.0 HA
ALERT HhLERE Viatert | lout = 5mA — 0.15 0.30 Vv
Hh)—o &k ILatert | Vout = 6V — — 1.0 pA
HABHRY =y FEEEF 1 Vocr:  |0.25V FRTER 0.225 0.25 0.275 \Y
HWAOBRY Sy FEEERFE 2 Vocrz  |0.125V 5% TEBF 0.113 0.125 0.137 Y,
RSA BEREEEE 1 Vispr  |0.5V SRERF 0.45 0.5 0.55 \Y
BEREEEFE 2 Vispz |1V RERE 0.9 1 1.1 \Y
ARER lrsa |RSA=0V — 0.1 1 HA
RSB ABER1 lirser | Vin =5V, Gain = 10 35 45 65 HA
ANER 2 lrse2 | Vin =5V, Gain = 20 18 24 35 HA
HHHEE Voren | — VREG-12 | VRES™ | VREG v
HhLERE VoLrH — 0 0 0.1 \Y
HAEE 1 VopH1 | Gain = 10, RSB = 0.25V 2.4 25 2.6 \%
PH HAEE 2 VopHz | Gain = 20, RSB = 0.125V 2.4 2.5 2.6 Vv
HAEF 1 o | S8I1 220, RSB =0.125V, 400 840 1400 LA
HhER 2 oz | SaIN = 20, RSB=0.125V, 0 0 1.0 WA
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by HE LR BEEH =&/ RE =N Eifr
HHHEE VorpHer | VREG-1.2 | VRES™ | vREG v
HALERE VoLpHBF |— 0 0 0.1 Vv
HAEE 1 Voprerr | Gain = 10, RSB = 0.25V 2.4 2.5 2.6 \%

PHBF HAERE 2 Voprsrz | Gain = 20, RSB = 0.125V 2.4 25 2.6 Y,
HAOEE 3 Vorwers | SAI0= 20, RSB =0.125V, 2.4 253 2.75 v
HARE 4 Vopwsra | SAIN= 20, RSB =0.125V, 2.25 2.48 2.6 v
OSC AiR# fosc |— 11.64 12.00 12.36 MHz

REBEEE | PWM ARE 1 forwms |FPWM = 000 — 23.4 — kHz
Hh PWM BiE# 2 fopwmz |FPWM =011 — 187.5 — kHz
BT EN/ER BE T1sp RELREF (5EH) — 170 — °C

BERRHY |(BREXTUIREBE Thytso | (BE1E) — 40 — °C
ERT AR TrTsD BETEE (ZE) — 130 — °C
ADHERE ViHpx | — 2.0 — 5.5 \Y,
ABDLERE ViLiDx — -0.3 — 0.8 \%

:B; EXTFULRER Vhviox | — — 400 — mv
H AHQER Hox — [— 70 100 130 HA
L AAER liibx — — — 1 PA
ADHERE ViHze  |— 2.0 — 5.5 \Y,
ABDLERE ViLizc — -0.3 — 0.8 \
EXTULRER ViHvize  |— — 400 — mvV
ANER lnzc Vin = 0V to 5V -5 1 5 HA
SDAHALERE VoLspa |[lout = 6mA — — 0.4 \%
SDAHAY—VER ILspA Vout = 6V — — 1 HA
SCL 7 By ) AiR¥ fscL — — — 400 kHz
A= P — tHpstA  [— 0.6 — — ps

SDA RA—bavTaay
SCLY By Low #i/ tLow — 1.3 — — us
SCL ¥ Bv % High #if tHIGH — 0.6 — — us
F—AHR—)L FER tHDDAT — 0 — — ns
TF—4ty b7y TEM tsupar  |[— 100 — ns
LA jﬂfﬁﬂ s tsusTo — 0.6 — — us
AbyFarvsFaiay
NR 1) —B5E
AbyFIRE—baAVF4aY teur = 13 - - HS

ZEE: REHMETH Y, ®EHAREOT 2 MIFEmL TH Y 8 A,
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tauzra tHoara taupur tHoour tazro teur
e L I - ow r!—b'" H—ITI—FI'
—'—|,!| ' I : I
DA | L ilfl | | ﬂ : "Ii I.
oL I I 1 I I I I{
'—': — [
fiow thou

11.1 PCRAS VT Fr— FOESRKEYE
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12. it FA B &5l
W 7wy 2 FANOWIET 1 v 2 ERIES E I, AR B0, — BN - IR LTV B 5 A0
HYET,
01k
t 1
WGP 'l
VRES PP
BLDO Charge
(INIRRTYS
NAsF pump CPM .
STEY GHU I I
» U phase QUTL =, i
PO [P oty Pre-driver | | GLU = EI
I a0c
GHW
SEL ] ﬁ
Wphase [ | OUTW =
xlm Precdriver | | T GLW = ‘—E'I
KIDQ :[:
GiHW E
Sl |2C L Con-‘fr.o' Wy phasze _',\_,.;O LIT"'MH p—
. logic Pre—dr iver _,\_,v%—-_n_é
:E:)'U'I.I'GO .
ﬁmKE Input Grouit - Pozsttion -
detection
_g ZF'.LERT
g 1FG Cutput Gircuit
TESTI VM
Teszt Circut [
TESTOD TsD
FSh
PHEF Current Gontrol (}
%I 1 EPH 1 Peak hold AMP: 3¢ 10,5 20 e
5 | =0
IRFIY
T00kS20.1T 2 GMD

™

B SMHT FET 1257 — R L & WEEEIE Ta=25"CRE, i/ 1.0V DL EOAARRL L 2 HELE U F 5,

I

B 12-12.1 k:FAEERG
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13. 2
P_WQFN36_0505_0.50_001 "Unit:mm"
3.6TYP ;. 5
oo
A ‘ .
S RNTOOIOOO I
- ]
1 ]
1 - ] o
-Br-—t-—|&5— 5
-] - 3
| [
1 (-
1 Flannmnoonsy”
27 19
5 0.5
0.5TYP J_H 0.7510.05
B 13.1 TR
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RERBNTOBER

1. 7avsHE
IOy ENOKEET OV /ERERE EIE. BEEEHAT 5120, —BER - HRRILLTV2EENHYET.

2. H{fimER
SMERE. EHERAT 570, —HEH - BWIHIELTLIHENHYET,

3. BASVTF¥—F
AU Frv— MMIHEE- BEZSRBET S0, BHMELTLS5E/HYETS,

4. i FAEREA

ISRAEEEIE. SEZFTHY . EERFTICTHELTE, +2HFFHEZITo>TIZEL,
T, IXHAEOERDHFEZITILOTESHY FHA,

ERALED TEFRESUBEVER
FEALDOEESE

(GV)

2

(3

(4)

RAZKEBSEBRDEED. ENQO1DODELHER Y EBBATEIELLEWNEETT,
BHEOEBDOVTNITH L THIEADENTEEEA,
RARKERZEZ D EWR, BERLUSLORERRELRY ., HR - RECLIEEEES ELHYFT,

TNRAZADHFEZEL, ZLEV, FEEBEBROTIREIS FTRADFEMEILANTL LSV, BEROHEENLH
WEAREREEZ, WIE, BESIUVLLEORRICHSET TR, BR - RRICIYEETEESI ENHYFE
T BB, FELBLUVELEVDFFTRELET NS REIFEALGNTLEE,

BERDFELER IC DBEOHSICKERARNBMFLBEVES S, BULEBREL—XZEALTLEEWV, ICIK
RARAKEREEABENA, BOLER. BLURRCAFIGFTESNIERE IR/ A X G ENRRTH
BIBHELNHY. COBR. ICICKERVANKEITHET, RIEE - BRITEHZENHYFT . BIRISHIT
PRERDAREAZREL., REER/MRIZT B0, 2 —XDBEECBNEME., HFARKRMER EDBE L
ENBEEGYEYS,

TS —ORBLE. IMLDESBFEMEFAHLIBHE. ON BOEATRL OFF KOFEENICL 2818
HOBERITERT 5T /31 ADBREMEH DV IIBIRZFILET 5O DRERBREEFR L T ZEL, IC ABIRL
e, BEEESYRIE - RRICESEAHBYET,

REHEANB SN TS ICICE, RELLEREFALTLEEL., BRATRELGHS. REHESEEL
BT, ICHABIET D EDHYET, ICOBIRICEY, FFEESYRIE - RNTELZENHYFET,
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ERALOBER

(6]

@

3

4)

ﬁa};dﬁn‘ﬂ:‘@ﬁ%

BERFIREE BF: ALY M) Iv2ER) FEDLSHZETE IC 2RETLHDITTRHYFEEA, EE
‘T, BONMBERKEEHERTSEIEBLOLET,
RARAERZBACBAELGE, CEAFECRREICEY ., BERFREBRAERZICEELEN oY, BIET S
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