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Brushless DC Motor Control Technology to Realize Efficient Driving of Cooling Fans

e Bl WANG Shen

*i%@?‘&“@%»rﬁ‘—aaytdﬂém TV —DEBEENMEALTWS, T—FEF—DH—/\—DBHNTIEZ LD

BHT77YIMERINTED, TV Y —BROHEEENZHIRTZHIC, 77VE—F—DREZHEDOME EARAIR
[CTE>TWB,

RETINARKARL—Y (#) 1&, IhETIKIFEDR—ILEoY—EBAW=7Z>LADC (Ej) E—%— (LT,
—tEBLDCE—%—¢B&i) OEMEREZFXIRT 5, BENEAHIEEM INPAC (Intelligent Phase Control) %z %
BHTHD. SH, T—9EVI—DAEHNT7VEFIC, ZOINPACERRLTR—ILEyY—(UBDRMIEMKEEICE>T
TEDR—=ILEo I —T=ZHBLDCE—Y—ICEATEDLSICT 2L LI, BEEEICINDLSTRE UIOEmERE%
RIFY DOEREE AR RE U E—Y—R54/\—IC TC78B025FTG%, 20184F 4 AlcfEmIt LTz,

The demand for data centers is increasing with the ongoing digitalization of society. To reduce the power consumption of data centers, it has
become indispensable to improve the efficiency of the large number of motors that power the cooling fans generally used in data center servers.

Toshiba Electronic Devices & Storage Corporation developed the InPAC, an intelligent phase control technology that can achieve high-efficiency
driving of a three-phase brushless DC (BLDC) motor using three Hall sensors, and applied this technology to a three-phase BLDC motor driver
integrated circuit (IC) in February 2016. We have newly developed both a Hall sensor position compensation function to reduce the number of Hall
sensors from three to one in order to save the installation space for cooling fans and a closed-loop speed control function to realize stable rotation
performance under any load conditions. We commercialized the TC78B025FTG three-phase BLDC motor driver IC with the InPAC incorporating

these functionsin April 2018.

SN H -7z,
HEFNARKARL =Y (FR) 12, ZhETIK3EDF—
Ve —%AvsSPM BLDC E—4 —[aitic, g7y

1. FADE

W, By 57 —4%10T (Internet of Things) & dD

TR, EROMERNEE2ITS T — 9y —DE 25 LRER, DOBHEITE— Y —OEEIRE 2 EH L7
FEHREENIL TS, F—F2ry—IcB I NEEHDEL FVYFVEMINPACZBIFEL, E—F—FI14 13— ICHL

iR LCELY, coclk, InPACOIEEE, 1{Hok—
I R e Y ARV A R LN A ) Vot | 7 VA [E1 Ly e |
BLDCE—¥ —ICEAT 57D INPACOKE, KUE—

HINLTED, fﬁfﬂi HRT I F —FEEH2EDR
2% % EDB5FETIC oz, T—9R VI —CHHAZINDE
HD35H, F930%IGHATHLY, BHIIZTFEH
W28 T RIS, 20D, F—39+1y 7 —F 54 35— [CADEH Iz DN TR S,
Y —DOWEBEENEEIHT 2%, 77 E—Y —DEE)

2. |
K XD LA EECHD, B ARER

F—Z I —DEHI T 7 I, BIAET TR, 2.1 =#BLDCE—Z—DERS)A T LA FITH

FRIREI OB S50, =HHBLDCE—Y —2AINS X
SN TE, HWH 77 A ZMBLDCE —% —

B85 F-F i % B - 74k 0 SPM (Surface Perma-
nent Magnet) BLDCE®—% —28— U TH 5, EahERAl
DIDITIE, T—F — OB LI EFE OMAH%
I (EAFIE) L, E—2—0FHEEF LB HROIMHE
—HIELNENH LD, A OFEICFR»EH2E L

B2 Lt a2—Vol.74No.6 (201911 8)

ZMBLDCE—% — 0B #E /5 iciE, €—%—IcHE
(KFv) Fko Bz i 3 RS (R1(@) &, EX
PR DOE IR Z WS K ENE) (X1 (b), () D 2% 5,

ERGIREREN, AT ERENIC LT RV 2 DREIDS A 7o
70, EIREIEKENCERITH S,

EREEE O, K1boXS5i, -9 —DFiEE
JEICH L CE—o —EiioNHENSHLE, TL—F ML

21



FBHBEE
JR— I
I ! —5—FieE
5 (% Y—HEBE
e : : - :
i 7R
\/ i
(a) 4B HERED
EBHERE
| e o — =5
B U, TR LS /
i | o wE
E—Y—HREE - -
o) ER%RERED A AL
BBHEE
e ET—5—BR
ﬂ% ,.( B JIL
A

(c) %R ERED EAHIEBD

1. =Z1EBLDCE—Z—DEREA XL ESFIEDIIR
IEGRERE T, BREEEOMME L TE—y —FEiliL -2 —iFilL
BEOMMAEAOESLILT, WARNEIZHEIIT 5,

Comparison of BLDC motor driving methods and effect of lead angle
control
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Configuration of INPAC system
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Block diagram of InPAC system with one Hall sensor
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Effect of Hall sensor position compensation function
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Drive waveforms of cooling fan motor
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Reduction of motor current
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TCT78B025FTG three-phase BLDC motor driver IC

24

1. TC78B025FTG DEHx {4k
Main specifications of TC78B025FTG

E B Tt
BEREE (BH1FEEH) 45~16V
HAER RBAR35A (E—=7)
RENA R SRR BN X 1d 15078 E
HER I INPAC HAEH
HAA A (LT 0.2 Q (1F%)
EEEHIEA T PWMES AR, ZFOJBEAAICHIE
REREHAE BERE, BERBRY, E—5—Ovoidi
[ElERER A 1 (BAJL— 754 Hehe
Z0f - KR RG> INAHERE
R—ILF&F, KR—=ILICICRE
INyr—3 VQFN24 (11X @ 4 (#ft) x4 (#) x0.9 (F&) mm)

F7, ERERET 20PN E R, EHilkr A
AL R 27 052 AL, ®—% — [RIEEHIFIER DG 2
~_R=2{GICHEBEL T 5,

5. HEHE

T =y —IIBITBWHT 7 DB T FERITIGZ S
7ed, INPACEZWET2EEDIC, F—ibtr P —(iiEDOH
IERERE M O R E R € — 9 — F A4 v — ICIC
L, W7 7o OERDREEE) L€ — & — [BlRTH R
DEAR= 2 EFHIA LTz,

S8y, Ty —HFEOIRIHE, mHT v
D EHEALRLE L2 E OB IR KD LN D LD
FHRIND, Uthid, HiasERNEOERE 7
DHOa7 AT EED, FEEERFELTOL,

S Bk

(1) The Green Grid. "Guidelines for energy-efficient datacenters".
EETimes. <https://www.eetimes.com/document.asp?doc_id=
1273184&utm_source=electronicproducts&utm_medium=
relatedcontent#>, (accessed 2019-07-19).

@) EEGE, (E0. EIERCEENEER TSI L ADCE—
o — A, HZLveEa— 2017, 72, 2, p.63-56, <https://
www.toshiba.co.jp/tech/review/2017/02/72_02pdf/f05.pdf>, (£
4 2019-07-19).

(B) HZFNAARKAML =, "TC78BO25FTG", #5HFEM. <https://
toshiba.semicon-storage.com/jp/product/linear/motordriver/
detail. TC78B025FTG.html>, (£ 2019-07-19).

x EH  WANG Shen
g BTN ZA&KA L — (BR)
y SAT LT NA AHHEER

i bR

‘ Kh Toshiba Electronic Devices & Storage Corp.

HZLEa—Vol.74No.6 (2019411 8)


https://toshiba.semicon-storage.com/jp/product/linear/motordriver/detail.TC78B025FTG.html
https://toshiba.semicon-storage.com/jp/product/linear/motordriver/detail.TC78B025FTG.html
https://toshiba.semicon-storage.com/jp/product/linear/motordriver/detail.TC78B025FTG.html

