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Technology for Control of Brushless DC Motors to Achieve High Efficiency
through Simple Configuration
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Brushless DC motors are widely used in information equipment and home appliances due to their high efficiency and quiet operation. Unlike
other types of motors such as brush motors, however, when driving them there is a need for feedback control according to the motor rotation angle.
Furthermore, it is essential to appropriately adjust the phase of the drive voltage in order to achieve high efficiency, because the appropriate phase
may change due to the operating status of the motor such as the rotation speed and load torque. Consequently, complicated control is required to
drive brushless DC motors with high efficiency.

Against this background, Toshiba has developed a technology for brushless DC motors that achieves high efficiency without the need for
complicated phase adjustment. Focusing on the polarity of the motor current and induced voltage, this technology makes it possible to automatically
adjust the phase of the drive voltage by matching the point of change of each polarity. We have applied this technology to a motor driver integrated

circuit (IC).
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Brushless DC motor driving circuit
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Phase adjustment using advance control
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Conventional automatic advance control according to DC-link current

180°DEX M TEELTWADT, FREILEIIHLTE—
Y —BROMABNIEL L E, M2@NIRTEIC, FHEE
JEL =5 —BROHF 5 VR LH T MV 7 58Ol (7
L—FMV2) &), E—F—DRRIMLTLTLE ) ZD
7o, FRBEELE—F—BROMHEGDEL P EE
275,

2.2 PERBEMORRE

TI7YVADCE =Y — % RE)§5LAMi % VAT ELT
E—F—FIAN—ICHFHINT V5, ERDE—F—F
FAN=ICIE, YA BETHEAEZZRETLHE (BEE
A BERH SN TS, Bz, H2NEEETORELE
{§ 57280, FRETLELE—F—BROMAP—HTH I
A% [ 2 L7236, M T35 L FREEEICH LT

54

E—F—BIMOMAAITAEAR, A LDZ LENL720,
PAE S AR B DA TORFRIFETLTLE ),

K3IIRTENC, £ 23=F—=DGND (F5UF) 54 71
WNAHER) V7 BRORE SIS U CTHE Tl 25
2HENHBHY, ZoFETE, T—F—EBRIJSUTHEEY
VIBIMOAREL LD ZEEZFH LT 2785 WIEERLEY -2
RV REEE RS 2T 50012, earFry—ie
DHMFTF I E, TNEOEETOEDLEARD LR
%o T2, TE—F—OWRIREIC Lo THRMITIHBI TEILT
DL, FICERIREE L L IHITHIEEN DT TIE ARV,

2.3 InPACOBE

VA, AT Gl R ZEREICRILT, T usoE—5—E
T (PR 220N L 727 Y8 VgL, A—IVIC
(FYINNBRE YT —) B EOREEAL#E & > — Tl
L7ZHRBEOT VI M SO, WiHORMEZELEE —3K
E¥%InPACZBIFS L 725,

InPACO¥EIZ, /M IF AP AETH B UM AT,
=S —OFEBRBIICUCHE CHEMEZRFETLILTH

2L Ea1—Vol.72 No.2 (2017)



R B A FEBITED LD, FERBMIT AR AT
HFINDLETH D, YATLDOH K412, InPACT
F =l %E— 5 —BHROMMH EFHEZE 5 IR,
BB E RSl =Y —BROBEICIHELT, A
UN=F —DEMM DO TEAA  F v 7 HIHAETLEE
PR 5, E—F—BRPTEAL v F VT EZF2PLE—
T =N DIERED EZICTEALNy F VTR FVA 55
L, AL —F— + T OANBEV 1 E-W T OATIEE
Vkile e he ZOEE, avsL—y—Hido— (L) LA
Weid (K5(a), —F, TE—F—BRNBE—F—05bTFE
ALY F YT RTNRNDEMUEDOL ZIITEAL v F V7%
FATBHE, VIV XVEL RS, Z0LE TR —
F—WHE A (H) Lvess (5(0),
COBERILICLT, MIERAE S —CHh L7z E
JEORBPEZAL I I, B e g oM Th 5 E—
5 —BIOBYE AL ATEN TV D A3 BRE) £ O [ A

ik, T—5 —HROWIEEAL A HEA TV DY 5 13 BRE)
BHEONAMZESED, ZOKR, FERELEOWIEL(LLE
TRRPEHE R OO A IV T H—BTHEHIC, H
B CIRE)EENAAZRETLI LN TE S,

3 INPAC OEHFIRELHER

BB E R

avi E——Hi
L—&— "+ Jovy
- Tfﬁ*ﬂ%v‘i—

) i
(7FOJ1ER)

AR,

4. INPAC DR — FEAA v F 0 7 H P\ Pkt S 7= i a2k
ERBIZEY, E=F =Bz T7Fa/ G520 T VNG FITEH LT
HE)THEMH T2

Configuration of newly developed phase control system

BREEHERS
« 1" (HLAIL) XUE 0" (LLAL)
DT IRIVEB TR

0]1]0

E—4—Eii

1

| +BE
LIV HL~NIL vt
Hh HAH +
i E—5—
— Bt
V-

(b) E—2—BR-TTER
AAYF U IRFA B

(@) E—5—BR+ TTR
AAVF VIR A

5. E—4—EROBHEHERIE — -5 —BROMXIZI>TFE
ALY F 7 FHFMBELEOBEDZALTH I 2T S —F —CTHRAIT %o
Principle of motor current polarity detection

InPAC DZEERHIIIEEZFAIEL, V2 SlBREE 2 > Tl gy
ZZERT, 77 Y VADCE—S — DB FER 2T VAT L 720

BREFEBRI R A S W& LW &0 25 — A% F i
L., ZhThogyaTllE L7zE—7 —8ik, Eimie
B, RONEADOEILOFHZR6 R8T, £—F— Dl
i, PIEEALE > — TR L7 A B & R i b o 4 —
DLy VD HROTZHEE I DML TEY, FHEEEOM
HE—HLTnD, MIRMEE—F =B EOMAHTNIL,
ARV ET21°, WA T3.0° LRI/ EL, fff
MY ZIZ XSS AB THEMABIHSTEH 2 2R L7,

4 F—EF—RFMN—ICADEH

InPACHEREZ R L 72=M 7Y LADCE—F — A

HERES

BREY

(a) E¥REL =

(EIE7y::]

HEES

BREY

(b) E¥5E% 1K

6. INPAC TOIERT—3 — MR A D T b digahi 2 7 AH 2 i 4%
INTW5,
Waveforms adjusted by newly developed phase control system
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TC78B016FTG three-phase brushless DC motor driver IC

#1. TC78BO16FTG DE# %
Main specifications of TC78BO16FTG

B B * #
EREE (B1EHH) 6~30V
OB (B{eE) 3A
BEAR EHIEB AR
I INPAC ##8¢
Bl B> — A RFROK—IVICICHRS
EEHIEAS PWM{ESA KRG 7FO5BEANICHES
BEAREE BERE, BERRE, T—&—0v ik
WA IS (EFERORM) 0.23Q (typ.)
© VT MAS— MR, IIEEL — MRS
Z0ft - BEABYELST, 7L—FRTFHE
- EREE RIS LA
Nybr—s WQFN36 (# X : 5% 5x 0.8 mm)
800
__ 700 - B E R R L7
a B A
) 600 -
s
< 500 |-
E
F_S' 400 SR EERRFICRE L7
Iflﬂ’ B A
QI\ 300 [~
i) InPAC
200 [~
100 /
0 | | J
0 2,000 4,000 6,000

[Elé5#4 (rpm)

8. E—Z—EROHIAEZNE — 3,000 rpm D [IfEKE, HE K o> [ 5% A
IR TE— 7 —BHEZH 10 BHIRTE 5,
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