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Automotive Semiconductor Technologies Contributing to Downsizing of Electric Power Steering Systems
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The dissemination of electric power steering (EPS) systems, which use electric motors to assist the driver of a vehicle in operating the steering
wheel, has been expanding due to their ability to both reduce the burden on drivers and enhance the stability of automobiles running at high speed.
Moreover, since the EPS system achieves an approximately 5% reduction in fuel consumption compared with traditional hydraulic power steering
systems, the number of large-sized vehicles equipped with EPS systems has been increasing as a measure against global warming. In the fields of
advanced driver-assistance systems (ADAS) and fully automated driving systems, the steer-by-wire system is attracting attention as a next-gener-
ation EPS system for steering control without a mechanical linkage between the steering wheel and steering gear. In particular, it is important to
enhance the reliability of steer-by-wire systems so as to avoid the risk of failures by ensuring redundancy of the electronic control units (ECUs). This
redundancy, however, leads to a reduction in fuel consumption improvement and constraints on ECU placement due to increases in the number of
parts and the size of the ECUs.

To achieve the miniaturization of EPS systems, Toshiba Electronic Devices & Storage Corporation has developed a power metal-oxide-semiconductor
field-effect transistor (MOSFET) for driving automotive brushless motors that achieves a reduction in on-resistance by means of a state-of-the-art field
plate (FP) structure, as well as efficient heat dissipation through installation of the chip on a double-side-cooling DSOP Advance package. Furthermore,
this product complies with the AEC (Automotive Electronics Council)-Q101 automotive reliability standard. We are also promoting the development
of compact power MOSFET gate driver intelligent power devices (IPDs) and transient voltage suppressor (TVS) diodes for surge and electrostatic
discharge (ESD) protection.
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Trends in number of automobiles and automobiles equipped with
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Configuration of EPS system with redundancy
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Changes in structure and on-resistance of MOSFETs

28

v) 2iEd a2, U-MOSIVIZH A, R,A%64%
L7z (K3),

—F, R ADEIRIE, Fv 7 A XK E LR I
JOBEABEROM AL, BOBROH AL, EPSK
Fo®E—F—arbto—)VEIKIZBWT, AAfvFrrEE
DEALEHL LI BAA, Ty PRIEETO BT EK&E
EDDIZTYRIAL%2RATHE, E=9 =DM Iy
TIVLFRESETCLEI, 2%, Ty o1 L% Kk
720I2iE, RonA L ER T 24RO NHHTH S,
BHIZ, ZORAvF VI REOEEN Y — Y EEPEED
IR®) (V¥ )ik, EMI (BT H) 2FAEsE, 7
F AR EZRMEMEE5, U-MOS IXTlE, it T o
EfbickoT, A v F 7ROV —VEEPEEIRE O
TR 2 HIHIL, (% A4 A2 EH LTS (K4),

2.2 MOSFET @/ \wir—I 25 8

Wik, ST =YooV —RAEEMEE, RO E K
BAICEBTIVI=Y L (AD) YRV 25, ZAZHEA ORI
Pis (Cu) a2 78 —ICEE LTS, Ihickd, /Sy
=P A XH35 x 6 mm @ SOP (Small Outline Package)

— VI BEER
"U-MOS VI

gikiad

£ VGs:'/Z V/div. /\ Vis:5 V/div. [ Uvios
WA A% “""K/ EV '

Wy \JIF i d BN \ Vos:5 V/div.
; T3 fo:2 Afdiv. <t i = o2 Avdiv.

. | i i i J 'Y i i

N A i | ,_\7*f\§ LA MM
- 4 Megosnsih e EY &

Vtofﬁ')‘/*:‘/ﬁ‘ﬂ%laﬁf Vfoffﬂ"J‘/j(—“‘/Vﬂ%Fsﬁﬁ

3 1=1,400 ns 3 1=1,100 ns B

6200 ns/div.

RPN PO LI 11"/ P P TN TR/ ST DY

U-MOS Vil U-MOS IX
(8) 21y FL BT DL

3 3500 ton+ UV T BRI RS
m 2000 U-MOS I AIESA
I 2500 t4=500 ns
’(Q 2,000 / Ves=+10/0 V
i 1,500 Vop=12 V
1 1000 T\U-MOS IX o= 10 A
T 500 Res=2.5 kQ
S0 ' ' ' / ;=500 ns

0 20 40 60 80

Rs (Q)
(0) torr+) > F T HEB ERDIERD
div.:division
Vos  F—h-V—2XBEE

tor 17— AT
Voo EBIREBE

Io (KL
R 4=k U= B

Vos: RLAY -V —ZHEEE
Ros - 7'—h =V —ZEIEHT

Bl4. U-MOSIXDRA v F It

U-MOSVIIc iR, U-MOSIXiZ, AAvF v /R0y —UEECHEIVRE)
DOFERFEZIHIL, K/ A X EEEBL w5,

Switching characteristics of newly developed MOSFET

BEZLEa1—Vol.73No.6(2018%118)



8UIAT, v —VEPIEERICIER0.35 m QIEIF L
7eEIRESEEIL, MBI AL WS, HICSE, FH7o

2Dy =T, Cuatry—%2EHEELL TSy —
Y EH»PSBHEIELIET, Ny —VEE» OIS
WRAOEINZ, HfFifE2 AL CREShsE—tr v
AT —Y B GEIFERRETES, DSOP (Dou-

BIESMH
SOP Advance:TPHR7904PB
DSOP Advance:TPWR7904PB
HiR:25.4(18) x 50.8 (RE) x 1.6 (EE) mm
$AIF<E:70 um (=2 0z (A X))
MR 25.4 mmx25.4 mmx5 mm Al{R
WU 17> 7 (#F) BRET) —R (5 W/ (m-K)) &
100E  50p Advance
= -- 76 AR
~ 10
55 [
) r
[ B
B 1k DSOP Advance
N % F 1.\.\.‘
> 5 F
LN @ r
¢ 618 B ) — 2
0.01 TR RTTT I R AR TTT B R R RTT| MR R RTTT| M SRR T1T| AR ARTIi|
0.0001 0.001 0.01 0.1 1 10 100
tu(s)
(@) B HIEHT DL
St SOP Advance DSOP Advance
e ATermar=44°C Wi 5287
EEE=RIZZAN G
SRS
SOP Advance ;ﬁgﬂi DSOP Advance — FEZEEIR
EfkPR*

ENNEE=2 W, &

AREE:Ta=25"C

ERY X100 (R&E)x 70 (18)x1.6 (BZ) mm

CuCiR# 48 (1BL/cDDEZFE70 um)

DSOP Advanceld EHit—hk>> 7 (Al) 3D

EEE—RY Y1 X100 (RE)x 70 (@) x5 (BE) mm

Iy = FRE—RY YA XF v 7105 mm
®ET)—2Z:5 W/ (m-K)

*DSOP Advanceld, EEE—h VI EMERT ) —ZEDICIERT

(o) FEEY 22 L — 3 VEEROHER

5. DSOP Advance /N4 — DEFE
B BIESTHHIT6 BRI T B, F7e, FKE oL —var T,
A Tenmax 2559 21 *CAERIH T 2RI R D HER S N7z,

Comparison of transient thermal impedance of SOP (Small Outline
Package) Advance and DSOP Advance packages

BER/NT—RTFT7Y VI Y AT LADNEL % BIREIC T 2 FEARRAMT

455 SPECIAL REPORTS

ble-Side-Cooling SOP) Advance #Bi%§ L7z, Cua s>
G =03, By —VAANBHLTw R0, BiEETE
T = VWP > CF Y T T A=V % 5%
ok, BiEP TRERELL,

ZORRICED, EPSTHRES NS AT bR (¢,)
3 s TOMMEEIESZ, FI76 %KL (F5@), %77,
EPS 2 L7 BB MM TOHE 22— a v TR, &
WIS 2 WOHIMEMHZB YT, Fv 2VIRE (AT )
D EFHAEN 21 CIEJHCE DR RDBIER L7 (K5(0)),

2.3  MOSFET D{S#aE M1t

ECU DIEFSHT O KICE D T P v — LA AT,
HERLT, FERIE, RERE (Ty) TI50°C, E—72
M (Ty) TL175 CERAET 20T H 5,

ZZT, ZOMEERED RO 60D, KEOHEHHE
e ERE MR e e L A AEC (Automotive Electron-
ics Council) ®##& AEC-Q101 rev-D1IcEET 5728
TNA NG, BUE RO YRR, &Uﬁ::::#ﬁﬁ@ﬂﬂ?
ZEMBL TS

F7z, Yt AEC-Q101 X koA 7L — PR IMEE
PELHERL T 528, B, BEMEIy T IcBwThFv 7R
M OBHEHBEEL ~ L E2BENML TS, 2.2 CHR~R725 x
6 mm ¥4 XD, — MOSFETClZ, i [ Dbt ig %
ZRATAHIET, 1,000 94 2V OikES4 2 )ViREk (TCT)
BicBWVT, Fv7 LoRBEIHICEY L (K6),

Hio, EREZFAZEAREOAS LY RELE
(AOD) IcH g 7280, U—RUGT1&, Wi A FA0HE
EHET2v TN T7 507 (WE) I LTz, Zofifick->
TRALEAME R Ly, HIFEETCT (2,560094
7, =40 ~ 125°C) T, RBARBESEOUWERSTE LS,

24 RSAIN\—

TTVT =2 a v RERMRIE Ule 731 A 23 IR
LTHD, " AE—5—+CMOS (FHHFIHIS 8 Ml g
&) +LDMOS (#77 [ — EALEAIMOS) 1 7' BiCD-
0.13pm&, CMOS+LDMOS %4 7® CD-0.13 um o 2 i
o775y b7+ —sxAELTHEY,

4E, EPSHicBi%L7-TPD7212F &, BiCD-0.13 um
TavAERAL, 6F % 2V CAEEIEIRE L ST
REZ N L 727255, WQFN32 /8y — IS L ChEk i
WCRLAS 75 % /NI T 5 £ L i, AEC-Q1001C
HHEHLL T3, 7o, BEEEL AL, BIST (Built-In
Self-Test) #é#E 72 &, ASIL-D~O X% #ZE L7, CD-
0.13pum 7 a2 T 11 Fx 32V Z 47 DTBIOSIFG b (i

29




E H DSOP Advance RS BIES
" Iy =i %E
PUEsBIS 0.35 mOIESH
iR FHME
W5
= AOIXIE
ES]
*1

;Cgsk;);o*” 2 BT

FyT LR ;5 gk
HoBaRE FEMERLE

I5vUE=30% | 77v7E=80%

SAT: BERRERGERE
*1: BATCTIF, Ta=-55~150"C
*2 EAREETCTIE, Ta=-40~125C

6. DSOP Advance/\v7r—IDiEE

Cuatr —Ic kRIS, WEREE, MEOBEEEMGER
EoT, ML EERIEETMZL T2,

Comparison of features of conventional and DSOP Advance packages

L, HREIISU/HEREZRIBEICL T2,

S, ABEY —YhEOABREANCN T 244 H)
xS, DMOS (—EILHE MOS) DK R,A 7 &2
kB MR a2l L CRBD, HEEMARICEITS
A BB PTGER 2729 7 a2 ADFRFE Z D T,

25 RERF

K7 B ECU %, /4 X2 ESD (MEXIE) » 506
L, YATLOMEE, WMTT A ZADOWEEEZ
57121z, TVS %44 —TF (Transient Voltage Suppressor
Diodes) 2363, ZOF1A4—FEHV5AIE,
IWLAN 23135 CAN (Controller Area Network) %, LIN
(Local Interconnect Network), FlexRay3# {5, LVDS
(Low Voltage Differential Signaling) ¥ 7 & @& (2
B I 2 R0l AR (C) OREVSNETH
BEEBIC, BEETOVATLORELLT, ET OB

30

I (Rayn : A F Ty 7380 LEFENE (Visp) EOPL—
FA 7N EE 725, FriC, REABRTFICBV T,
Wi H o EAP (ESD Array Process) oAtz LS
LT, PL—FA7{EMEEHIE TS, ZNITkD,
Ry % K970 % K38 (55 21 AR EAP-II> 1.5 Q2> 5 5 5 i
REAP-VT0.5 Q) &4, Vesp %K 1.7657 v 7 (EAP-IID
12KV 5EAP-VD20kV) &€ 52t T, IEC 61000-4-2
LLA L EofitREE TS, EeREERELE S mEE
TR LTz,

3. HEHE

ADAS S H B IR OHEEICHE > TSR L T EPS v 27
LEZZDEAMMELT, NI —=F A ZRICHRT A ZADjE
HIFHERETRAIRTH S,

%7z, A8 VI AT LREV Ay 7Y —BEL V- HIH A
ORI L, 5B HEICKTEECU L DlmaihiE
LU FERWIEICIEZ, 7400 —ZEdi2 ML Tnl,

X R

(1) MW, RF7VV TV RATFLOFRBLESHOES. JTEKT Engi-
neering Journal, 2015, 1013, p.10-15,

(2) REFRFHHIET. BEI T —ZAF 7V 7Y AT LGSO RFTEN L
SEREEE 2017, 2017, 188p.

(3) MARKLINES, “A&2%n727/uy—k 2017 : E#j v —27
7Y 7 (EPS) £flioie: " EWT 7y b7+ —L4, <https://www.
marklines.com/ja/report/rep1602_201706>, (£ 2018-07-13).

(@) IAE—, 13, 3V F RO LIcEF 53 2B EE TN 2D
HRESHBOB, HEZLEa—, 2017, 72, 5, p.2-7. <https://
www.toshiba.co.jp/tech/review/2017/05/72_05pdf/a02.pdf>,
(£72018-07-13).

&F [£2Z YOSHIHIRA Takayuki
HFEFNAZKA L — (k)

FA ALY — A

T4 A7 — MR i 8 —

Toshiba Electronic Devices & Storage Corp.

$8A FTZE HOKOMOTO Yoshitaka
FHEFNAZKAIL— (FR)

F 4 220 — PR R

87 — PR RS AT

Toshiba Electronic Devices & Storage Corp.

AR 818 TSUJIMURA Toshihiro
HTEFNARKA L= ($R)
SRS 5 —
29— 2 — 3 TS

‘ @ ‘ Toshiba Electronic Devices & Storage Corp.

BEZLEa1—Vol.73No.6(2018%118)



	1806_表紙1
	00p_1806目次
	a01
	a02
	a03
	a04
	a05
	a06
	a07
	a08
	a09
	a10
	f01
	f02
	f03
	f04
	f05
	f06
	r01
	奥付
	1806_表紙4



