
USOORE47564E 
( 19 ) United States 
( 12 ) Reissued Patent 

Ozaki et al . 
( 10 ) Patent Number : US RE47 , 564 E 
( 45 ) Date of Reissued Patent : Aug . 6 , 2019 

( 54 ) MOTOR ( 58 ) 

( 71 ) Applicant : DENSO CORPORATION , Aichi - pref . 
( JP ) 

Field of Classification Search 
CPC . . HO2K 11 / 0084 ; HO2K 11 / 38 ; HO2K 11 / 215 ; 

GO1B 7 / 30 ; GOID 5 / 145 ; GO1R 33 / 07 
USPC . . . . . . . . . . . . . . . . . 324 / 207 . 25 
See application file for complete search history . 

( 56 ) ( 72 ) Inventors : Tomoaki Ozaki , Toyohashi ( JP ) ; 
Hiroshi Kokubu , Kosai ( JP ) ; Nobuo 
Mizutani , Toyohashi ( JP ) ; Mitsuhiro 
Takada , Hamamatsu ( JP ) 

References Cited 
U . S . PATENT DOCUMENTS 

4 , 992 , 734 A * 2 / 1991 Adachi 
( 73 ) Assignee : DENSO CORPORATION , Aichi - pref . 

( JP ) 
5 , 164 , 668 A * 11 / 1992 Alfors 

GO1D 5 / 142 
324 / 207 . 2 

GO1B 7 / 30 
324 / 207 . 12 
HO2K 5 / 143 

318 / 10 
5 , 245 , 258 A * 9 / 1993 Becker . . . . . . . . . . . . . 

( 21 ) Appl . No . : 15 / 641 , 859 ( Continued ) 
FOREIGN PATENT DOCUMENTS ( 22 ) Filed : Jul . 5 , 2017 

Related U . S . Patent Documents 
Reissue of : 
( 64 ) Patent No . : 9 , 077 , 231 

Issued : Jul . 7 , 2015 
Appl . No . : 13 / 867 , 540 
Filed : Apr . 22 , 2013 

CN 1762085 4 / 2006 
JP 2001251808 9 / 2001 

( Continued ) 
Primary Examiner — Kenneth Whittington 
( 74 ) Attorney , Agent , or Firm — Caesar Rivise , PC 

( 30 ) Foreign Application Priority Data 

. . . . . . . . . . . . . 
Apr . 26 , 2012 
Jun . 15 , 2012 
Oct . 22 , 2012 
Oct . 31 , 2012 

( JP ) . . . . . . . . . . 
( JP ) . . . . . 
( JP ) . . . . . . . . . . 
( JP ) . . . . . . . . . . . . . 

. . . . . . . 2012 - 100927 
2012 - 135760 

. . . . . . . . . 2012 - 232980 
. . . . . . . . . . . . . . 2012 - 240898 

( 57 ) ABSTRACT 
The axial direction of a worm wheel is defined as a motor 
short - transverse direction , and a plane orthogonal to the 
motor short - transverse direction is defined as a motor flat 
plane . An imaginary plane contacting a first end of a sensor 
magnet in a motor short - transverse direction and parallel 
with the flat plane is defined as a first imaginary plane . An 
imaginary plane contacting a second end of the sensor 
magnet in the motor short - transverse direction and parallel 
with the flat plane is defined as a second imaginary plane . A 
control circuit board is provided with a rotation detecting 
element that detects rotation of the rotary shaft of the motor . 
The control circuit board is arranged to be parallel with or 
inclined relative to the flat plane , and is provided between 
the first and second imaginary planes . 

( 51 ) Int . Ci . 
HO2K 11 / 00 ( 2016 . 01 ) 
HO2K 11 / 38 ( 2016 . 01 ) 
HO2K 11 / 215 ( 2016 . 01 ) 

( 52 ) U . S . CI . 
CPC . . . . . . . . . . . . H02K 11 / 38 ( 2016 . 01 ) ; H02K 11 / 215 

( 2016 . 01 ) 5 Claims , 12 Drawing Sheets 

Long - Transverse Direction 
? 1 ??? 

? 15 
- . - . - . - . - . 

til 
- 12 

X 
11a 46 

viib 
+ - 23 ( 21 ) " X 

SA 43 16 ID 
532 

62 - 01 

51 51 a 435 

47 
47 ( 42 ) 

45 

49 ( 42 ) 



US RE47 , 564 E 
Page 2 

( 56 ) References Cited 
U . S . PATENT DOCUMENTS 

. . . . . . . . . . . . 

6 , 072 , 254 A * 6 / 2000 Heib . . . . . . . . . . . . . . . . E05F 15 / 697 
310 / 68 B 

6 , 124 , 710 A * 9 / 2000 Kordecki GO1D 5 / 145 
310 / 68 B 

6 , 249 , 068 B1 * 6 / 2001 Knopp . . . . . . . . . . . . . . . . HO2K 5 / 225 
310 / 67 R 

8 , 890 , 514 B2 * 11 / 2014 Masson . . . . . . . . . . . . . . . B62D 6 / 10 
324 / 207 . 21 

2003 / 0008746 A11 / 2003 Meier et al . 
2005 / 0012412 AL 1 / 2005 Buss et al . 
2005 / 0184606 A1 * 8 / 2005 Kokubu et al . . . . . . . . . . . . . . 310 / 75 R 
2006 / 0113852 A1 * 6 / 2006 Adachi et al . . . . . . . . . . HO2K 5 / 225 

310 / 71 
2007 / 0103013 A1 * 5 / 2007 Sakohira et al . . . . . . . . . . . . . . 310 / 71 
2008 / 0203833 A1 * 8 / 2008 Mizutani . . . . . 310 / 71 
2008 / 0211325 A1 * 9 / 2008 Rienhardt . . . . . . . . . . . . . . HO2K 5 / 10 

310 / 43 
2010 / 0164333 A1 * 7 / 2010 Uchimura et al . . . . . . . . . . . 310 / 68 B 
2010 / 0176696 A1 * 7 / 2010 Mizutani et al . . . . . . . . . . . . 310 / 68 B 
2012 / 0025643 A1 * 2 / 2012 Shibusawa et al . . . . . . . . . . . . . 310 / 71 
2012 / 0112579 A1 * 5 / 2012 Kokubu . . . . . . . . . . . . . . . . . . . . . . . . . . 310 / 71 

FOREIGN PATENT DOCUMENTS 

SSSSSSSS 
2001268841 
2003047204 
2004289920 
2007006549 
2008020299 
2008141912 
2009023457 
2009171734 
03 / 071073 Al 

WO 03 / 071073 

9 / 2001 
2 / 2003 

10 / 2004 
1 / 2007 
1 / 2008 
6 / 2008 
2 / 2009 
7 / 2009 
8 / 2003 
8 / 2003 

WO 
WO 

* cited by examiner 



U . S . Patent Aug . 6 , 2019 Sheet 1 of 12 US RE47 , 564 E 

Fig . 1 
Long - Transverse Direction 

1907 
15 

P T - M # # 

# # 

* * 

* * - 

- 
4 

- 

w 

- ARAMETRAX M20XXXXX MAW 
A 

W 

: 

when ALIU 

th toh * Wh 

What . 7 23 ( 21 ) 
43 WWW * 

* USA 
1 16 - 

5 14 , 48 MIL & CO 
17 

* N # 

w 

AR . WWW A 

tu 
W 

* * 

* * * 
* * 

har 
way 
. wwww ! 

the COLAR 
Www Kaki . . . ATT 

* * * 

* * * * * * * * th 

* 
i 

W 

2 

51 51 a 436 43 W A 

* 
WP 

the 

white wwwww ALS 

472 47a - th 

ver 47 ( 42 ) - 
O 44 - UN 

* * 

49 ( 42 ) 



U . S . Patent 

Fig . 2 

SMR 

Long - Transverse Direction 

53a 53 436 51a 21 

na 46 

Aug . 6 , 2019 

* KWA 
MAMAMARAAN teh . my 

34a ( 34 ) 

you 

K 

22 

. 

62 - OVA 

tig 

| - 64 

endal 

LLLLLLLL 

Sheet 2 of 12 

wwwwwww WALA 

63 

w * thw 

wwwwwwww . 

eh 

IR MY WYWR + + 

ch 

PS 

maxXWX 

H ANA 

wth 
* * * 

* * * 

hy 

. 

516 430 52 

US RE47 , 564 E 



US RE47 , 564 E 

11b 

176 23 25 26 

33 34a 

« » ? 

XXTT 
A 

* 

KERKRAAKARANUKAARTE 
572 

WWW ' W 

ww WWWWWWWWWWWWWW chann neve 

. . 

slutem 

MR AMMES WWWXXX 

WE Straw 

w 

* * * * 

MMMMMMMMM 
* 

WRC MERICA 

WA 

1 

wie 

. WW * * 

99 

WW 

Sheet 3 of 12 

51CA1 

W 

W 

AT WWW . 

TWww 
XRW Ah H 

W 

vegas 

TERS 
. 

www 
h 

luthatua ARAWWWWWWWWW MA 

CTXURIT 

WithRWYPRAR 
RERAMARRARNARAR MERRRRRERENAWARIRNAREA 

56 

iz gasa De L 22 

21€ €€ 

* * * 

* 

Aug . 6 , 2019 

REKK 

wwwADAAN 

Short - Transverse 
K M . M . M . M 

www Long - Transverse Direction 

ww 

W 

WWWWWWWWWWWWWWWWWWWWWW 
wwwwwwwwwwww 
w w 

w wwww * * * * * * * * * * * * * * 

* * * 

* * 

TAMAAAAAAAAAwwwww 
LELKEAKARRRRRAZREV 
A NAAEK M 

E 

LAX 

U . S . Patent 

Fig . 3 



U . S . Patent Aug . 6 , 2019 Sheet 4 of 12 US RE47 , 564 E 

Fig . 4 ( a ) 

* 

* * Owne * * * 

* 

M WWW * * ta WW 
oooo 

W Ayo 
* * * * * * * 

* Wenn WAK * 

* 
N 

* 

" 

Fig . 4 ( b ) 

om 
* ch 

ON 

w 

* C4 howr o 
WW * * 

His Mt 

WOW W * 

* 

wa USA 



U . S . Patent 

Fig . 5 

W 

W WWWWWWWWW 

W 

wwwwwwwwwwww 
* * * 

* 

* * 

. . . 

. . 

* 

wwwwwww 

wwwwwwwwwww 
w 

wwwwwwwwwww 
* * * * * * 

* 

O 

WWWWWW 

. 

Verkowito 

Aug . 6 , 2019 

KIRKKANAKAKAUSIKKAKKKKALACHA 

XXXCAMUWAW 

????????????? 
KARKAHARALLACERAAKKKKKKALEN 
EM KWA WWWX 

X XXXXWWARMY 

HAKKAK AK wwwwwwwwwwwwwwwwwwww 
K 

U 

* * 

* * * * * w 

* * * * * * * * * * * * wwwwwwwwM 
* * 

MUCKXMLMYM 

ANARRA 

WARE 

WWW 

KT 

. WMWWMR 
w wwwwwwwwwwwwwwwww 

. * & RR * ww 

* * * * * * * WWUWUKALLAKA 

EMMAN 

VANA 

LIHALLAwwww 

Short - Transverse Direction 

_ 

* v 

Sheet 5 of 12 

W 

A 

DIRECTEURS ACEITEN 

T257 

. . . 

WWW . MEMMALLALANY A 

# 

753 

with www 

51a 

HARM 

X 

* 

T 

* URY * x 

* * * * 

WYNAMA 
WwWYKKET hehehe . 
. 

. . 

www www . 

www . 

hw 

y 

ty 

ccxxwUUKKU 

NENU * * * * * * * * * * * * * * * KANAKAARAAMATKAKKARARKAYAAAAAAAAA membawy 

VAAKAMWAMWAMWAY 
272 

d51b 

- 51 

7 - 52 

US RE47 , 564 E 



U . S . Patent Aug . 6 , 2019 Sheet 6 of 12 US RE47 , 564 E 

Fig . 6 

Long - Transverse Direction USERNA 

51a 
The 

W 

5A THYMYWwwwwwwwwwwwwwww w www * * * * * * * * * 

56 LHR 

Wwwwww 151 
www 

57a W WWWWWWWWWWWWWW 
74 55 

???? ???????? wwwwwwwww 
with the 

* * 6 

* * * * 000 64 KST 

MW . . . w w * * * * * WHAAA MIWW * 

- 65 * * 

Hotel 
with 610 www ww DESTRUAR www 

. 

* * * 

wiwi - P uth 
LOORHAYKIR 

M MAHAL www * * * * 

rucu soner www . 

w Wwwwwwwwwwwwww 
WOOOOO 

516 52 



U . S . Patent Aug . 6 , 2019 Sheet 7 of 12 US RE47 , 564 E 

29 
KKKKKK sw * * * 253 1516 ACARA 

X * 

at - - 
* 

. 

H Ernesto yar ow To 

54 VAKARSKA 1 OP W 

he DOS * 

W 
HAMMAR . NOV ma 

OHA 
7 . est 

b 

732 73 74 

ROM 
L 2 . 

Fig . 7 
e wwwww 

AUTEMETELLEEEEEEEEEEEEEEEE wwwL W 



p1929 61 e 61 
wwwvwwwwwwwwwwwww ARCA www * * * * M 

???? * * * * * * * * * * wwwww * * * 2 . ' * * * * * * 

AND 

NOV * 

Fig . 9 

Ympning + + + + + CAM W ORK 

* * WARARAPEDOT 

29 
my www www WALA R A WYCIE I I CRK 

* 

DO 4E W 

Fig . 8 

US RE47 , 564 E Sheet 8 of 12 Aug . 6 , 2019 U . S . Patent 



MM - WAY 

. 

* * * . . 

U . S . Patent 

Wan 
neer 

* * 

or 
* * 

M 

. 

WA Kri 

then 

re 

Fig . 10 

wewe 

M 

V * 

* * * * * 

* 

www 

Hut 

gan 

. 

YA 

45 

51 436 43a 

UKR 

W 

Att 

Aug . 6 , 2019 

MM 

KHMAN ww 

w 

W 

47 ( 42 ) 

* * * 

* * * * 

* 

- - 717 

1483 

16 - 

* * 

* 

* * 

* 

* 

* 

* 

* 

SOL 

L 

The whole out why 
t 

w 

y 

+ 

+ 

www AL bahwa 

Mw * * * WW # 

# 

A . mum - 

WWW * * * * * Mmmmmh in Emminktet 

NYTT 

www mbo went basedom to homma 

Muhit 

# 

i 

o 

WWWWW 

st * * 

W WW 

Borse 

* H 

th 

SED 

Long - Transverse Direction 

. 

or 

YHLOUDS 

15 

Hola 46 the whow 

Sheet 9 of 12 

- an - ww 

when 

' 

P 

- 43 

49 ( 42 ) 

mer Dets 

CALAW 

. 

M 

. 

. . 

US RE47 , 564 E 



U . S . Patent 

WWW W 
e b 

- 

Reethatheter 

w 

wwwwwwwwwwwwwwwww 
* * XYwWwwWwtworten 

W 

AAA ! 

. 

. . 

. . . . . 

. * . . . . . 

w 

w 

w 

Fig . 11 

wwwwww 

* * * * * 

ww 

w wwwwwwww 

WWW . 

W 

wwww 

EKUMAR 

Aug . 6 , 2019 

W 

wwwwwwwwwwwwwwwwww wwwwwwwwwwwwwwwwwwhhhhhhhh te th th th th whith AhWith the 

* * * 

* 

* WWWWWWYWwwwwwwwwwwwwwwwwwwwwwwww 

* * 

WWW . 44 will with www 

* * 

with wwwwwwwwwwww 
* * * * * * 

W 

I 

LWhem 
ww * * * wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww 

WALNUW * * * 

NOW 

* 

Hin 

. . . . 

wwwwwwwwwwwwwwwwwww 
MOM 
w 

wwww 

* 

With WWW WWWWWWWWWWW 

* * 

i loilla 

T 

X 

+ + + + + 

+ 

+ + + + + + + 

V . 

* ' * WWW 

* 

* 

XXX * * * * 

* * * * * ZAMARAANANANAMAN * 

ME 

Kwowww 

62 

L AMEERAHMAWARKANALEZA 

wwwwwwwwwww 
w wwww 

* * * * EX 

UNDER 

nnnnn WWWMWWW 

Short - Transverse Direction 

Sheet 10 of 12 

1 

* 

* * 

Ww wWw wW . 

WWWWW 

2 . 

MA 

53 
XXWR 

WWWAAAAw 
wwwwwwwwww 

* * * * * 
HAMMAR 

w 

WWWWWWWWWWWWW 
* * * * * * * www 

www CREDEVLET 

Www 
T472 

74 WMNMMWWMMWWMWWWWWWWWWWWWWWW 
# 4510 

515 
752 

US RE47 , 564 E 



U . S . Patent 

. 

WWWWWWWWW 

WWW 

Fig . 12 

tene 

?? ???? ?? ? ??? ??? 

* 

i Luwu 

kertek SEXXXXX * * 

564 

Lahh 

Www 

Aug . 6 , 2019 

51a 

the 

610 

- 65 a 

512 

wwwwwwwwwwwwwww 

www . cmanumo 

www . 
JANAKKAAKKKKKKKKKKKKKKKRARRARARAJA 

C OM 

- - - - - 

Long - Transverse Direction 

+ + + 

- - - - - 

Sheet 11 of 12 

WWWWWWWW 

516 52 

www 

* 
W EZIZ * 

WW * * * 
EEEEEEEIIE3 . 

* 

+ 

4 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

wwwwwwwwwwwwwwwwvine 

AUG 

* * * WWWWWWWWWWWWWWWWYyyy RTLASTA 

ktnk 
WM 

w 

# 

# 

# 

# 

# 

# * * 

W 

M WWWMWW AWW 

K W 

W 

* 11 * * * * * 

* * 

* * * * 

* 

Wyrywatywy 

US RE47 , 564 E 



with 

wwwww 
www . Fig . 13 Www 

wwwwww 71 @ 64 73a 73 74 

WOWA angadag 
AAAAAAAA 

WWWW * * * 

ILLALKULALAMANLALMATIKY worm 
H www . 

che 

* 61a Wit2 berri 
RES ou 

* * 

* * * * * * * * 
of a 

Awwy 

" . 

US RE47 , 564 E Sheet 12 of 12 Aug . 6 , 2019 U . S . Patent 



US RE47 , 564 E 

MOTOR meshed with the worm shaft . The sensor magnet rotates 
integrally with the rotary shaft . The connector module 
includes a connector portion for establishing an electrical 

Matter enclosed in heavy brackets [ ] appears in the connection between the outside and the motor unit and a 
original patent but forms no part of this reissue specifica - 5 tabular control circuit board provided with a rotation detect 
tion ; matter printed in italics indicates the additions ing element that detects rotation of the sensor magnet . An 
made by reissue ; a claim printed with strikethrough axial direction of the worm wheel is defined as a motor 
indicates that the claim was canceled , disclaimed , or held short - transverse direction . A plane orthogonal to the motor 
invalid by a prior post - patent action or proceeding . short - transverse direction is defined as a flat plane of the 

10 motor . The sensor magnet has a first end in the motor 
BACKGROUND short - transverse direction and a second end opposite to the 

first end . An imaginary plane contacting the first end and 
The present disclosure relates to a motor used as , for being parallel with the flat plane is defined as a first 

example , a drive source of a vehicular power window imaginary plane . An imaginary plane contacting the second 
device . 15 end and being parallel with the flat plane is defined as a 

The motor disclosed in International Patent Publication second imaginary plane . The control circuit board is 
No . WO 03 / 71073 includes a motor unit having a rotary arranged to be parallel with or inclined relative to the flat 
shaft , a speed reduction unit , which is attached to the output plane and is located between the first and second imaginary 
end of the motor unit , reduces the rotation speed of the rotary planes . 
shaft , and outputs the decelerated rotation , a sensor magnet , 20 According to this aspect , the control circuit board is 
which rotates integrally with the rotary shaft , and a connec - provided between the first imaginary plane and the second 
tor module , which electrically connects the motor unit with imaginary plane , which are parallel with the flat surface of 
the outside . The speed reduction unit includes a speed the motor and hold therebetween the sensor magnet . More 
reduction mechanism having a worm shaft , which is over , the control circuit board is parallel with or tilted 
arranged to be coaxial with the rotary shaft and integrally 25 relative to the flat plane of the motor . Accordingly , the 
rotational with the rotary shaft , and a worm wheel meshed control circuit board is within the width of the sensor magnet 
with the worm shaft . The motor unit is attached to a gear in the short - transverse direction of the motor , and thus the 
housing . The gear housing accommodates the speed reduc - size of the motor is reduced in the short - transverse direction . 
tion mechanism , and is provided with the connector module . According to one form of the disclosure , the rotation 
The connector module includes a connector that is electri - 30 detecting element is located between the first and second 
cally connected with the outside and a tabular board pro - imaginary planes . 
vided with a rotation detecting element like a Hall Effect IC According to this aspect , not only the control circuit board 
that detects rotation of the sensor magnet . That is , the but also the rotation detecting element are within the width 
connector module includes a control circuit component that of the sensor magnet in the short - transverse direction of the 
controls the rotation of the rotary shaft . 35 motor . This enables a further reduction of size of the motor 

Recently , the amount of electrical components mounted in the short - transverse direction . 
on the board for a control circuit has been increasing According to one form of the present disclosure , the 
together with the advancement of a multifunctional motor control circuit board is located at a position shifted in the 
control . Hence , the size of the board increases . This leads to motor short - transverse direction relative to an imaginary 
increase in the size of the gear housing accommodating the 40 straight line that is parallel with the flat plane and intersects 
board , and thus the size of motor . an axis of the rotary shaft at right angle . The rotation 

In particular , according to the motor disclosed in Inter - detecting element is located on a side of the control circuit 
national Patent Publication No . WO 03 / 71073 , due to the board that faces the imaginary straight line . 
limited installation space , a reduction in the thickness direc According to this aspect , the rotation detecting element is 
tion ( short - transverse direction ) along the axis of the worm 45 brought closer to the sensor magnet , and thus the rotation 
wheel is necessary . A structure in which the board is parallel detecting element is allowed to readily detect magnetic flux 
with the flat surface of the motor like the above - described from the sensor magnet . 
motor , i . e . , a structure in which the board is parallel with the According to one form of the present disclosure , the 
flat plane orthogonal to the short - transverse direction , it is rotation detecting element is mounted on the control circuit 
advantageous for size reduction in the short - transverse 50 board by the surface - mount technology . 
direction of the motor . According to this motor , however , According to this aspect , the rotation detecting element is 
since the board is arranged to face the sensor magnet in the mounted on the control circuit board by the surface - mount 
motor short - transverse direction , the size of the motor technology . This contributes to space saving . 
increases in the short - transverse direction by a distance According to one form of the present disclosure , a tangent 
corresponding to the board . 55 line of an outer circumference of the sensor magnet orthogo 

nal to both first and second imaginary planes is defined as a 
SUMMARY sensor magnet tangent line . When the sensor magnet tangent 

line traverses the control circuit board as viewed along the 
An object of the present disclosure is to provide a motor axis of the rotary shaft , an end portion of the control circuit 

that prevents its size from being increasing . 60 board is located on a side of the sensor magnet tangent line 
In accordance with one aspect of the present disclosure , a that corresponds to the sensor - magnet . 

motor includes a motor unit , a speed reduction mechanism , According to this aspect , the control circuit board is 
a sensor magnet , and a connector module . The motor unit located between the first imaginary plane and the second 
includes a rotary shaft . The speed reduction mechanism imaginary plane . This accomplishes a reduction in the size 
includes a worm shaft and a worm wheel . The worm shaft 65 of the motor in the short - transverse direction , while at the 
is arranged coaxially with the rotary shaft and is integrally same time , the control circuit board can be arranged closer 
rotational with the rotary shaft , and the worm wheel is to the sensor magnet . As a result , the distance between the 
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rotation detecting element , which is mounted on the control According to one form of the present disclosure , the gear 
circuit board by the surface - mount technology , and the housing has a flat shape that is thin in the motor short 
sensor magnet is shortened . The shortening of the distance transverse direction , and the control circuit board and the 
between the rotation detecting element and the sensor mag - second board are arranged to face each other in the motor 
net allows the magnetic force of the sensor magnet to be 5 short - transverse direction . 
reduced without deteriorating the rotation detecting perfor According to this aspect , the control circuit board and the 
mance . This contributes to cost reduction . second board are arranged in conformity with the flat shape 

According to one form of the present disclosure , the of a gear housing . Accordingly , an increase in size of the 
connector module includes a second board that is parallel gear housing in the short - transverse direction is suppressed 
with the control circuit board and faces the control circuit 10 while maintaining the area of each board . 
board in the motor short - transverse direction , and the control According to one form of the present disclosure , a width 
circuit board and the second board are electrically connected of the second board in a board planar direction is within a 
to each other . The second board has on it a switch circuit that width of the control circuit board in a board planar direction 
generates a drive current to be supplied to the motor unit , 15 as viewed in an attaching direction of the connector module . 
and the control circuit board has on it a control circuit that According to this aspect , the size of a connector module 
controls the switch circuit . ( connector housing ) in the board planar direction of the 

According to this aspect , the control circuit and the switch control circuit board can be set in accordance with the width 
circuit are provided on separate boards , and thus the planar of the control circuit board regardless of the width of the 
area of each board is reduced . Since such two boards are 20 second board . Accordingly , an increase in size of the con 
arranged to face each other , an increase in size of the nector module in the board planar direction of the control 
connector module in a board planar direction is suppressed . circuit board can be suppressed , while at the same time , the 

According to one form of the present disclosure , the control circuit board and the second board are arranged in 
switch circuit is a relay circuit , and a clearance between the the connector module . Moreover , when a low - cost structure 
control circuit board and the second board in the motor 25 omitting the second board from the connector module is 
short - transverse direction is set to be smaller than a height employed , no wasted space of the control circuit board in the 
dimension of the relay circuit . board planar direction is formed in the connector module 

According to this aspect , the installation space of the ( connector housing ) , contributing to space saving in the 
control circuit board and the second board ( including the connector module . Furthermore , when the second board is 
relay circuit ) is minimized in the motor short - transverse 30 added to the low - cost structure , it can be accepted without 
direction . Thus an increase in the size of the motor in the changing the size of the connector module in the board 
short - transverse direction is limited although a structure is planar direction of the control circuit board . 
employed in which the two boards are arranged side by side Other aspects and advantages of the discloser will become 
in the motor short - transverse direction . apparent from the following description , taken in conjunc 

According to one form of the present disclosure , the 35 tion with the accompanying drawings , illustrating by way of 
motor unit further includes a gear housing and a second example the principles of the disclosure . 
board . The gear housing is assembled with the motor unit 
and accommodates the speed reduction mechanism , which BRIEF DESCRIPTION OF THE DRAWINGS 
outputs rotation of the rotary shaft after reducing the speed 
of the rotation . The second board faces the control circuit 40 The features of the present disclosure that are believed to 
board in a surface - to - surface manner and is electrically be novel are set forth with particularity in the appended 
connected with the control circuit board . The connector claims . The disclosure , together with objects and advantages 
module is attached to the gear housing . Electrical compo - thereof , may best be understood by reference to the follow 
nents are provided on the facing surfaces of the control ing description of the presently preferred embodiments 
circuit board and the second board . The electrical compo - 45 together with the accompanying drawings in which : 
nent on the control circuit board and the electrical compo - FIG . 1 is a side view illustrating a motor according to a 
nent on the second board are shifted in a board planar first embodiment ; 
direction so as not to interfere with each other . FIG . 2 is a partial cross - sectional view of the motor in 

According to this aspect , the electrical components are FIG . 1 ; 
separately provided for the control circuit board and the 50 FIG . 3 is a plan view illustrating a motor unit and a 
second board , and thus the area of each board can be connector module in FIG . 1 as viewed from the direction of 
reduced . Even if the clearance between the control circuit a gear housing ; 
board and the second board facing each other in a surface - FIG . 4 ( a ) is an explanatory diagram illustrating how a 
to - surface manner is reduced , the electrical components of Hall Effect IC detects rotation ; 
the respective boards are structured not to interfere with 55 FIG . 4 ( b ) is an explanatory diagram illustrating how the 
each other . Accordingly , by narrowing down the clearance Hall Effect IC detects rotation ; 
between the control circuit board and the second board , an FIG . 5 is a side view illustrating a connector module 
increase in size of the motor is suppressed . according to a modification as viewed from a motor long 

According to one form of the present disclosure , an transverse direction ; 
insertion portion is formed in at least one of the control 60 FIG . 6 is a side view illustrating a connector module in 
circuit board and the second board , and the insertion portion FIG . 5 as viewed from a motor short - transverse direction ; 
receives in it the electrical component provided on the other FIG . 7 is an exploded perspective view illustrating the 
board . connector module in FIG . 5 ; 

According to this aspect , the structure is employed in FIG . 8 is an explanatory diagram illustrating a board 
which the board and the electrical component do not inter - 65 layout structure according to a modification ; 
fere with each other although the clearance between the FIG . 9 is an explanatory diagram illustrating a board 
control circuit board and the second board is reduced . layout structure according to another modification ; 
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FIG . 10 is a front view illustrating a motor according to The commutator 16 is fitted about and fastened to a 
a second embodiment ; portion of the rotary shaft 13 protruding outwardly from the 

FIG . 11 is a side view illustrating a connector module in yoke 11 . Hence , the commutator 16 is located outside the 
FIG . 10 as viewed from a motor long - transverse direction ; yoke 11 , and is structured to be integrally rotational with the 

FIG . 12 is a back view illustrating the connector module 5 rotary shaft 13 . This commutator 16 is in a cylindrical shape , 
in FIG . 10 as viewed from a motor short - transverse direc and a plurality of segments 16a are arranged side by side on 
tion ; and the outer circumference of the commutator 16 to be spaced 

FIG . 13 is an exploded perspective view illustrating the from each other in the circumferential direction . Some of or 
all of the segments 16a are electrically connected to the coil connector module in FIG . 10 . 10 15 . That is , power is supplied to the coil 15 through the 

DESCRIPTION OF THE PREFERRED segments 16a of the commutator 16 . 
EMBODIMENTS As illustrated in FIG . 3 , the motor unit 2 includes a plastic 

brush holder 21 provided at the output - side end 11a of the 
yoke 11 . The brush holder 21 includes a tabular holder base First Embodiment 15 22 located outward of the output - side end 11a of the yoke 11 . 
The holder base 22 is formed such that the size thereof in the Hereinafter , a preferred embodiment according to the direction orthogonal to the axis is slightly larger than the present disclosure will be described . opening of the output - side end 11a . A sealing member 23 is 

A motor 1 of the present embodiment illustrated in FIG . provided at the outer edge of the holder base 22 , and the 
1 is used as a drive source of a power window device that 20 sealing member 23 ensures a liquid - tightness between a gear 
lifts up and lowers a window glass of a vehicle by electric housing 41 of the speed reduction unit 3 , which will be 
power . The motor 1 includes a motor unit 2 located in the discussed below , and the yoke 11 . The sealing member 23 is 
upper part of FIG . 1 , a speed reduction unit 3 provided at the formed of , for example , elastomer . 
output side of the motor unit 2 , i . e . , in the lower part of the commutator accommodating portion 24 protruding in 
FIG . 1 , and a connector module 4 assembled at a side of the 25 the axial direction toward the opposite side of the yoke is 
speed reduction unit 3 , i . e . , in the left of FIG . 1 . The motor formed at the center portion of the holder base 22 integrally 
1 is in a flat shape as a whole , and has a thin thickness in a with the holder base 22 . The commutator 16 is located in the 
direction orthogonal to the axis ( axis L1 of rotary shaft 13 ) commutator accommodating portion 24 . Hence , the outer 
of the motor unit 2 ( a direction orthogonal to the sheet of circumference of the commutator 16 and the end thereof in 
FIG . 1 ) . The term in - plane direction means the motor 30 the axial direction opposite to the yoke are covered by the 
long - transverse direction when the motor 1 is viewed from commutator accommodating portion 24 . The rotary shaft 13 
the axial direction , i . e . , the horizontal direction in FIG . 1 , has its tip end protruding from the commutator accommo 
and is referred to as a motor long - transverse direction in the dating portion 24 . 
following description . The term thickness direction means Brush accommodating portions 25 protruding outwardly 
the motor short - transverse direction , i . e . , the direction 35 in the radial direction are formed integrally with the com 
orthogonal to the sheet of FIG . 1 , and is referred to as a mutator accommodating portion 24 . As illustrated in FIG . 3 , 
motor short - transverse direction in the following descrip - an imaginary straight line parallel with the long - transverse 
tion . That is , the axial direction , in - plane direction and direction of the motor 1 and orthogonal to the axis L1 of the 
thickness direction of the motor 1 intersect with each other rotary shaft 13 is defined as an imaginary straight line L2 . 
at right angle . 40 The pair of brush accommodating portions 25 is arranged to 
Structure of Motor Unit be symmetrical with each other with respect to the imagi 

The motor unit 2 has a yoke housing 11 ( in the following nary straight line L2 . Each brush accommodating portion 25 
description , referred to as a yoke 11 for the purpose of is also integral with the holder base 22 . Each brush accom 
simplification ) formed in a cylindrical shape with a closed modating portion 25 is in communication with the interior of 
end , and an end thereof opposite to the output side , i . e . , an 45 the commutator accommodating portion 24 , and a power 
upper end in FIG . 1 is closed . The yoke 11 has an output - side feeding brush 26 is accommodated in each brush accom 
end lla opened in the axial direction of the motor 1 modating portion 25 to be movable in the radial direction . A 
( downward direction in FIG . 1 ) . A flange 11b extending tip of each power feeding brush 26 , i . e . , the internal end 
outwardly in the radial direction is formed at the output - side thereof in the radial direction is structured to abut against the 
end 11a . The yoke 11 has an inner circumference to which 50 outer circumference of the commutator 16 in the commu 
magnets ( not shown ) are attached , and an armature 12 is tator accommodating portion 24 . The commutator accom 
located inward of the magnets . modating portion 24 suppresses shattering of brush powder 

The armature 12 includes a columnar rotary shaft 13 produced by the power feeding brush 26 sliding against the 
arranged at the center of the yoke 11 in the radial direction , commutator 16 and being scraped . 
an armature core 14 fastened to the rotary shaft 13 to be 55 A pair of supporting pillars 31 protruding toward the 
integrally rotational with the rotary shaft 13 , a coil 15 wound opposite side to the yoke ( toward the gear housing 41 ) in the 
around the armature core 14 , and a commutator 16 fastened axial direction from the holder base 22 are formed in a space 
to a part the rotary shaft 13 that is closer to the tip than the in the circumferential direction between the pair of brush 
armature core 14 , i . e . , the bottom - end in FIG . 1 . accommodating portions 25 . The supporting pillars 31 are 

The rotary shaft 13 has a basal end ( upper end in FIG . 1 ) 60 formed to be symmetrical with respect to the imaginary 
supported by an unillustrated bearing provided at the bottom straight line L2 like the brush accommodating portions 25 . 
center of the yoke 11 . The tip end of the rotary shaft 13 Each supporting pillar 31 has a circular cross section , and a 
protrudes from the opening of the output - side end 11a of the coil part of a torsion spring 32 that pushes the power feeding 
yoke 11 to the outside . The armature core 14 is fastened to brush 26 inwardly in the radial direction ( i . e . , toward the 
a part of the rotary shaft 13 located inside the yoke 11 , and 65 commutator 16 ) is fitted about to each supporting pillar 31 , 
faces the above - described magnets ( not shown ) in the radial and is held by the supporting pillar 31 . Each supporting 
direction . pillar 31 abuts against the gear housing 41 in the axial 
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direction and in the radial direction , thereby determining the 48a fastened to a tip of the rotary shaft 13 , and a driven 
position relative to the gear housing 41 in the axial direction rotator 48b , which is coupled to the driving rotator 48a to 
and in the radial direction . rotate integrally therewith . The driven rotator 48b is fastened 

In the brush holder 21 , the position of the brush accom - to an end in FIG . 1 , upper end ) of the worm shaft 47 in the 
modating portion 25 and the supporting pillar 31 are defined 5 axial direction . The clutch 48 operates to transmit rotation of 
a first end in the long - transverse direction , and an end of the the driving rotator 48a to the driven rotator 48b , but not to 
brush holder 21 that is opposite to the first end is defined as transmit rotational force of the driven rotator 48b to the 
a second end in the long - transverse direction . A pair of driving rotator 48a . That is , the clutch 48 outputs rotational 
choke coils 33 and a pair of power feeding terminals 34 are input from the rotary shaft 13 to the worm shaft 47 , but 
provided at the second end . The pair of choke coils 33 is 10 blocks rotational input from the worm shaft 47 . 
structured to be symmetrical with each other with respect to The internal space of the wheel accommodating portion 
the imaginary straight line L2 . The pair of power feeding 45 is in communication with the internal space of the worm 
terminals 34 is structured to be symmetrical with each other shaft accommodating portion 44 . A worm wheel 49 in a disc 
with respect to the imaginary straight line L2 . Each power shape meshed with the worm 47a is accommodated in the 
feeding terminal 34 is electrically connected to the corre - 15 interior of the wheel accommodating portion 45 . The worm 
sponding power feeding brush 26 through the choke coil 33 . shaft 47 and the worm wheel 49 construct the speed reduc 
The choke coils 33 are noise eliminators for eliminating tion mechanism 42 . The worm wheel 49 is arranged such 
noises contained in power supplied to the armature 12 . The that the rotation axis L3 is parallel with the motor short 
power feeding terminal 34 is formed of a metal plate , and transverse direction . The worm wheel 49 is rotationally 
includes an insertion portion 34a connected to a connector - 20 supported by the wheel accommodating portion 45 . The 
side terminal 57 , which will be discussed below . The inser - worm wheel 49 is formed in a flat disc shape that is thin in 
tion portion 34a is formed in a planar shape that is parallel the direction of the rotation axis L3 . An output shaft 50 , 
with the in - plane direction ( a plane orthogonal to the motor which extends in the axial direction of the worm wheel 49 , 
short - transverse direction ) of the motor 1 . is provided at the center of the worm wheel 49 to be 
Structure of Speed Reduction Unit 25 integrally rotational with the worm wheel 49 . A tip of the 
As illustrated in FIG . 1 , the speed reduction unit 3 output shaft 50 protrudes to the outside of the gear housing 

includes the gear housing 41 , and a speed reduction mecha - 41 , and a window glass of the vehicle is coupled to the tip 
nism 42 accommodated in the gear housing 41 . The gear of the output shaft 50 through an unillustrated window 
housing 41 includes a holder accommodating portion 43 regulator . 
fastened to the flange 11b of the yoke 11 , and a worm shaft 30 The sensor magnet 17 in an annular shape is fastened to 
accommodating portion 44 , which extends from the holder the driving rotator 48a of the clutch 48 . As illustrated in FIG . 
accommodating portion 43 in the direction opposite to the 2 , the sensor magnet 17 is coaxial with the axis L1 of the 
yoke 11 along the axis Ll of the rotary shaft 13 . Moreover , rotary shaft 13 , and has a rectangular cross section in the 
the gear housing 41 includes a wheel accommodating por radial direction . The sensor magnet 17 is structured to be 
tion 45 formed to extend from the worm shaft accommo - 35 integrally rotational with the rotary shaft 13 and the driving 
dating portion 44 in the motor long - transverse direction , i . e . , rotator 48a . 
rightward in FIG . 1 . Since the motor 1 is flat , the gear Structure of Connector 
housing 41 is also flat , and the long - transverse direction of As illustrated in FIG . 1 , a connector attaching portion 43a 
the motor 1 is also the long - transverse of the gear housing extending toward one side in the motor long - transverse 
41 . That is , the long - transverse direction of the gear housing 40 direction ( in the direction opposite to the wheel accommo 
41 is the horizontal direction in FIG . 1 , and the short dating portion , i . e . , toward the connector module 4 ) is 
transverse direction of the motor 1 is the short - transverse formed at the holder accommodating portion 43 . The con 
direction of the gear housing 41 . nector module 4 is attached to the connector attaching 

The holder accommodating portion 43 abutting against portion 43a . The connector module 4 is structured to pro 
the flange 11b in the axial direction and is fastened to the 45 trude toward one side in the motor long - transverse direction 
flange 11b by a plurality of screws 46 , so that the gear ( direction opposite to the direction in which the wheel 
housing 41 is fastened to the yoke 11 . A tip end portion of accommodating portion 45 extends ) from the central axis of 
the rotary shaft 13 is located in the interior of the holder the motor 1 , i . e . , the axis L1 of the rotary shaft 13 . 
accommodating portion 43 , and the commutator 16 is also As illustrated in FIGS . 1 and 2 , the connector module 4 
located in the holder accommodating portion 43 . Moreover , 50 includes a plastic connector housing 51 attached to the 
a portion of the brush holder 21 protruding from the output connector attaching portion 43a . The connector housing 51 
side end 11a of the yoke 11 to the outside , e . g . , the has latching pieces 51a formed at both ends in the motor 
commutator accommodating portion 24 , the brush accom - axial direction , and each latching piece 51a is engaged with 
modating portion 25 , and each power feeding terminal 34 a latching - piece catcher 43b of the connector attaching 
are located in the interior of the holder accommodating 55 portion 43a . The engagement of the latching piece 51a with 
portion 43 . the latching - piece catchers 43b allows the connector housing 

A worm shaft 47 in a substantially columnar shape is 51 to be fastened to the gear housing 41 . When attaching the 
accommodated in the interior of the worm shaft accommo - connector module 4 , the connector module 4 is attached to 
dating portion 44 . Aworm 47a in a threaded shape is formed the connector attaching portion 43a in the long - transverse 
at a substantial center of the worm shaft 47 in the axial 60 direction of the motor 1 , i . e . , an attaching direction X . The 
direction . The worm shaft 47 is arranged to be coaxial with attaching direction X extends from the left in FIG . 1 to the 
the rotary shaft 13 , i . e . , arranged to have respective center right . 
axes matching with each other , and is rotationally supported As illustrated in FIG . 2 , an opening 51b opened toward 
in the worm shaft accommodating portion 44 . the gear housing 41 is formed in the connector housing 51 . 

The worm shaft 47 and the rotary shaft 13 are coupled to 65 As illustrated in FIG . 2 , an opening 43c opened toward the 
each other via a clutch 48 located in the holder accommo - connector module 4 is formed in the connector attaching 
dating portion 43 . The clutch 48 includes a driving rotator portion 43a as illustrated in FIG . 1 . Respective edges of the 
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openings 51b and 43c abut against each other via a sealing imaginary planes P1 and P2 ( in the present embodiment , 
member 52 . Accordingly , the space between the openings second imaginary plane P2 ) and the imaginary straight line 
51b and 43c are air - tightly sealed and closed . As illustrated L2 
in FIG . 3 , an end face of the opening 51b of the connector As illustrated in FIG . 1 , a part of the control circuit board 
housing 51 is inclined relative to the motor short - transverse 5 61 extends to face the external connection portion 53 in the 
direction . That is , the motor 1 is structured such that the motor short - transverse direction . A plurality of connector 
boundary face between the connector attaching portion 43a terminals 55 are embedded in the external connection por 
and the connector housing 51 is inclined relative to the tion 53 by insert molding . A first end of each connector 
motor short - transverse direction . terminal 55 is connected to the control circuit board 61 , 

As illustrated in FIG . 1 , an external connection portion 53 " while a second end of each connector terminal 55 protrudes 
is formed at a side face of the connector housing 51 in the in the internal space of the receptacle 53a of the external 
motor short - transverse direction to extend in the motor connection portion 53 . The second end of each connector 
short - transverse direction . As illustrated in FIG . 2 , the terminal 55 is connected to an external connector plugged in 
external connection portion 53 is provided with a receptacle the receptacle 53a . Input / output of electric signals relative to 
53a that extends up to the interior of the connector housing the motor 1 and power supply thereto are carried out through 
51 . The receptacle 53a is recessed in the motor short - the external connector . That is , the external connection 
transverse direction , and has an internal surface that con - portion 53 and the connector terminals 55 form a connector . 
forms to the external shape of an unillustrated external As illustrated in FIGS . 2 and 3 , a Hall Effect IC 62 as a 
connector to be plugged in the receptacle 53a . As illustrated 20 rotation detecting element , a control circuit 63 , a relay 
in FIGS . 1 and 3 , the external connection portion 53 has an circuit 64 ( a switch circuit ) as a drive circuit , and a capacitor 
external surface surrounded by a substantially cylindrical 65 as a noise eliminator are mounted on a surface 61a ( the 
connector boot 54 . The connector boot 54 prevents entrance surface facing the imaginary straight line L2 ) of the control 
of water into the receptacle 53a . The connector boot 54 in circuit board 61 by the surface - mount technology . As illus 
the present embodiment is formed of elastomer and is 25 trated in FIG . 2 , the relay circuit 64 and the capacitor 65 are 
formed integrally with the connector housing 51 . located in a space formed downward the external connection 

As illustrated in FIG . 3 , a tabular control circuit board 61 portion 53 in the axial direction . An extended board portion 
is fastened to the connector housing 51 . The control circuit 61b is formed at a portion of the control circuit board 61 that 
board 61 is provided on the connector housing 51 such that is the same position as that of the sensor magnet 17 in the 
a part of the board 61 protrudes from the opening 51b . A 30 motor axial direction in the control circuit board 61 . The 
positioning member 51c extending in the motor short - extended board portion 61b extends toward the sensor 
transverse direction is formed on the connector housing 51 . magnet 17 in the motor long - transverse direction , and has a 
The position of the control circuit board 61 is determined in tip facing the outer circumference of the sensor magnet 17 
the short - transverse , axial and long - transverse directions of in the motor long - transverse direction . The Hall Effect IC 62 
the motor 1 by the positioning member 51c . The control 35 is provided at the extended board portion 61b . That is , the 
circuit board 61 is arranged to have a surface orthogonal to extended board portion 61b is a portion of the control circuit 
the motor short - transverse direction . In other words , the board 61 formed to extended such that the Hall Effect IC 62 
control circuit board 61 is provided such that the surface is located near the sensor magnet 17 . 
thereof is parallel with the flat plane of the motor 1 . This As illustrated in FIG . 2 , the Hall Effect IC 62 is provided 
ensures the planar area of the control circuit board 61 , and 40 at the same position as that of the sensor magnet 17 in the 
enables in the size of the motor to be reduced in the motor axial direction . As illustrated in FIG . 3 , the Hall Effect 
short - transverse direction . IC 62 is mounted on a surface of the control circuit board 61 
As illustrated in FIG . 3 , the control circuit board 61 is ( surface 61a ) facing the imaginary straight line L2 . That is , 

located between a first imaginary plane P1 and a second the Hall Effect IC 62 is provided between the control circuit 
imaginary plane P2 , which are defined based on the shape 45 board 61 and the imaginary straight line L2 , and the control 
and size of the sensor magnet 17 , e . g . , the external diameter circuit board 61 is not present between the Hall Effect IC 62 
of the sensor magnet 17 . In other words , the first imaginary and the sensor magnet 17 . Accordingly , the Hall Effect IC 62 
plane P1 is a plane parallel with the motor flat plane ( an is structured to be close to the sensor magnet 17 . According 
imaginary plane orthogonal to the motor short - transverse to the present embodiment , since the control circuit board 61 
direction , and contacting a first end 17a of the sensor magnet 50 and the sensor magnet 17 are in the above - described posi 
17 in the motor short - transverse direction . The second tional relationship , the surface ( a surface parallel with the 
imaginary plane P2 is a plane parallel with the motor flat surface 61a of the control circuit board 61 ) of the Hall Effect 
plane and contacting a second end 17b of the sensor magnet IC 62 mounted on the control circuit board 61 by the 
17 in the motor short - transverse direction . The control surface - mount technology is substantially orthogonal to the 
circuit board 61 is provided between the first imaginary 55 rotation direction of the rotary shaft 13 . That is , a tangent 
plane P1 and the second imaginary plane P2 to be parallel line of a circle passing through the surface of the Hall Effect 
with the motor flat plane , so that the control circuit board 61 IC 62 and around the axis L1 of the rotary shaft 13 is slightly 
is within the width of the sensor magnet 17 in the motor inclined relative to the surface of the Hall Effect IC 62 or 
short - transverse direction . As a result , the size of the motor intersects therewith at right angle . 
1 is reduced in the motor short - transverse direction . 60 As illustrated in FIG . 3 , a terminal holder 56 is formed at 
As illustrated in FIG . 3 , the imaginary straight line L2 is the connector housing 51 , and extends in the motor long 

parallel with the motor long - transverse direction and transverse direction ( the attaching direction X of the con 
orthogonal to the axis L1 of the rotary shaft 13 . The control nector module 4 ) from the external connection portion 53 . 
circuit board 61 is provided at a position ( offset position ) The terminal holder 56 protrudes from an end face of the 
shifted in the motor short - transverse direction relative to the 65 opening 51b toward the rotary shaft 13 . The terminal holder 
imaginary straight line L2 . That is , the control circuit board 56 has a press - fit portion 51e ( see FIG . 1 ) protrudes in the 
61 is located between either one of the first and second attaching direction X of the connector module 4 to deter 
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mine the position of the terminal holder 56 relative to the After the connector - side terminal 57 and the power feed 
connector attaching portion 43a of the gear housing 41 . ing terminal 34 are connected with each other , each latching 

As illustrated in FIGS . 2 and 3 , a pair of connector - side piece 51a of the connector housing 51 is elastically latched 
terminals 57 ( tuning - fork terminals ) are fastened to the with each latching - piece catcher 43b of the gear housing 41 
terminal holder 56 . Each connector - side terminal 57 is 5 when the connector module 4 is further pushed in the 
connected to the surface 61a of the control circuit board 61 . attaching direction X . Accordingly , the connector housing 
Each connector - side terminal 57 is bent in a predetermined 51 is fastened to the gear housing 41 . At this time , the 
shape , and has a branched portion 57a formed at the tip of press - fit portion 51e illustrated in FIG . 1 is further pushed in 
each connector - side terminal 57 and extending in the motor the press - fit hole 41a in the attaching direction X , and the 
long - transverse direction toward the rotary shaft 13 . The 10 branched portion 57a of each connector - side terminal 57 is 
branched portions 57a of the respective connector - side ter - further pushed in the insertion portion 34a of the power 
minals 57 are provided at the same location in the axial feeding terminal 34 in the attaching direction X . 
direction , and are arranged side by side in the motor short - Next , operation of the present embodiment will be 
transverse direction . described 
As illustrated in FIG . 3 , an insertion portion 34a of the 15 When power is supplied from the external connector 

power feeding terminal 34 located in the gear housing 41 is plugged in the receptacle 53a of the external connection 
fitted with the branched portion 57a of each connector - side portion 53 to the armature 12 through the connector terminal 
terminal 57 . The branched portion 57a holds the insertion 55 , the control circuit board 61 , the connector - side terminal 
portion 34a in the motor short - transverse direction by its 57 , and the power feeding terminal 34 of the brush holder 
own elastic force . Accordingly , each connector - side terminal 20 21 , the armature 12 ( rotary shaft 13 ) is rotated . When the 
57 and each power feeding terminal 34 are electrically armature 12 is being rotated , the sensor magnet 17 rotates 
connected to each other . The connector module 4 is attached integrally with the rotary shaft 13 . At this time , the Hall 
to the connector attaching portion 43a in the attaching Effect IC 62 detects changes in the magnetic field by the 
direction X , while at the same time , the insertion portion 34a rotation of the sensor magnet 17 . 
is fitted with the branched portion 57a of each connector - 25 The Hall Effect IC 62 of the present embodiment alter 
side terminal 57 . The control circuit board 61 is located nately detects a first magnetic field ( vertical magnetic field ) 
between the branched portions 57a ( more specifically , the vertically entering a surface thereof , i . e . , a plane parallel 
connection portions each between the branched portion 57a with the surface 61a of the control circuit board 61 and a 
and the insertion portion 34a ) as viewed in the motor axial horizontally entering second magnetic field ( horizontal mag 
direction . 30 netic field ) . More specifically , as illustrated in FIGS . 4 ( a ) 
Next , a description will be given of attachment of the and 4 ( b ) , the Hall Effect IC 62 alternately detects a magnetic 

connector module 4 . flux 01 ( vertical magnetic field ) substantially in the circum 
When the connector module 4 is attached to the connector ferential direction of the sensor magnet 17 and a magnetic 

attaching portion 43a of the gear housing 41 in the motor flux 02 ( magnetic flux at the magnetic pole center of the 
long - transverse direction ( attaching direction X ) , first , the 35 sensor magnet 17 , horizontal magnetic field ) in the radial 
press - fit portion 51e at the connector - module - 4 illustrated in direction of the sensor magnet 17 . Next , the Hall Effect IC 
FIG . 1 is press - fitted in a press - fit hole 41a formed inward 62 outputs two - phase pulse signals based on the detected 
of the connector attaching portion 43a as a press - fit target magnetic fluxes 01 and 02 to the control circuit 63 . When the 
portion . Accordingly , the position of the connector module sensor magnet 17 is rotating , a pulse signal obtained from 
4 is determined relative to the connector attaching portion 40 the magnetic flux 01 ( first magnetic field ) and a pulse signal 
43a . At this time , the insertion portion 34a of the power obtained from the magnetic flux 02 ( second magnetic field ) 
feeding terminal 34 illustrated in FIG . 3 is not fitted with the change at a phase difference of 90 degrees ( electric angle ) 
branched portion 57a of the connector - side terminal 57 , and from each other . The control circuit 63 detects rotation 
the latching piece 51a of the connector housing 51 illustrated information ( rotation position ( rotation angle ) , rotation 
in FIG . 2 is not latched with the latching - piece catcher 43b 45 direction and rotation speed ) of the sensor magnet 17 , i . e . , 
of the connector attaching portion 43a . the rotary shaft 13 based on the two - phase pulse signals . The 

Thereafter , when the connector module 4 is further control circuit 63 controls the relay circuit 64 based on the 
pushed in the attaching direction X , the insertion portion 34a rotation information of the rotary shaft 13 , thereby supply 
of the power feeding terminal 34 is fitted in the branched ing a drive current to the armature 12 . Accordingly , a 
portion 57a of each connector - side terminal 57 . Accordingly , 50 desirable rotation of the armature 12 is realized . 
the branched portions 57a hold the insertion portion 34a in According to the present embodiment , by using the Hall 
the motor thickness direction by its own elastic force , and Effect IC 62 capable of detecting the above - described two 
thus each connector - side terminal 57 is electrically con phase pulse signals , the flexibility for placement of the Hall 
nected with each power feeding terminal 34 . At this time , the Effect IC 62 is improved . Hence , even if the surface of the 
latching piece 51a is not latched with the latching - piece 55 Hall Effect IC 62 mounted on the control circuit board 61 by 
catcher 43b , but the press - fit portion 51e is pushed in the the surface - mount technology is substantially orthogonal to 
press - fit hole 41a further in the attaching direction X . the rotation direction of the sensor magnet 17 as in the 

As described above , after the position of the connector present embodiment , rotation of the rotary shaft 13 is 
module 4 relative to the connector attaching portion 43a is detectable . 
determined by press - fitting the press - fit portion 51e into the 60 Next , characteristic advantages of the present embodi 
press - fit hole 41a , the connector - side terminal 57 and the ment will be described below . 
power feeding terminal 34 elastically contact each other , and ( 1 ) The connector module 4 includes the tabular control 
thus being electrically connected to each other . Hence , the circuit board 61 provided with the Hall Effect IC 62 , which 
connector module 4 is prevented from displaced relative to detects rotation of the sensor magnet 17 . The axial direction 
the gear housing 41 , and a mutual connection failure 65 of the worm wheel 49 is defined as the motor short 
between the connector - side terminal 57 and the power transverse direction , while a plane orthogonal to the motor 
feeding terminal 34 is prevented . short - transverse direction is defined as a motor flat plane 
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( imaginary plane ) . As illustrated in FIG . 3 , the first and orthogonal to the motor short - transverse direction ) . That is , 
second imaginary planes P1 and P2 are parallel with the the second board 71 is parallel with the control circuit board 
motor flat plane , and contact both ends of the sensor magnet 61 , and is arranged to face the control circuit board 61 in the 
17 in the motor short - transverse direction . The control motor short - transverse direction . The second board 71 is 
circuit board 61 is arranged to be parallel with the motor flat 5 located between the control circuit board 61 and the con 
plane , and is provided between the first and second imagi - nector boot 54 . 
nary planes P1 and P2 . That is , the control circuit board 61 As illustrated in FIG . 7 , a plastic connection member 73 
is arranged in parallel with the motor flat plane between the is provided on the second board 71 . An attaching portion 73a 
first imaginary plane and the second imaginary plane P2 is formed with the connection member 73 . The attaching 
parallel with the motor flat plane and holding the sensor 10 portion 73a is engaged with an engagement recess 51d 
magnet 17 therebetween . Accordingly , since the control formed in the connector housing 51 . Accordingly , the second 
circuit board 61 is within the width of the sensor magnet 17 board 71 is fastened to the connector housing 51 . The 
in the motor short - transverse direction , the motor 1 has a connection member 73 accommodates a choke coil 72 , 
reduced thickness . which is a noise eliminator . 

Since the control circuit board 61 is arranged in parallel 15 As illustrated in FIGS . 5 and 7 , connection terminals 74 
with the motor flat plane between the first and second are provided on the connection member 73 . The connection 
imaginary planes P1 and P2 , the extended board portion 61b , terminals 74 are connected to the control circuit board 61 . 
on which the Hall Effect IC 62 is arranged , can be shortened The control circuit board 61 and the second board 71 are 
in the motor long - transverse direction . Accordingly , vibra - electrically connected with each other through the connec 
tion of the control circuit board 61 ( extended board portion 20 tion terminals 74 . 
61b ) originating from vibration of the motor 1 is suppressed . Unlike the first embodiment , the relay circuit 64 is pro 
As a result , reduction of the rotation detection precision of vided on the second board 71 . The relay circuit 64 is 
the Hall Effect IC 62 due to a vibration is suppressed . provided on a surface of the second board 71 facing the 

According to the first embodiment , the Hall Effect IC 62 control circuit board 61 , and is provided at a position not 
is provided between the first and second imaginary planes 25 facing the control circuit board 61 in the motor short 
P1 and P2 , and thus the Hall Effect IC 62 is within the width transverse direction . As illustrated in FIG . 5 , the relay circuit 
of the sensor magnet 17 in the motor short - transverse 64 has a height dimension H ( a dimension in the motor 
direction . Accordingly , the motor 1 has a further reduced short - transverse direction ) set to be larger than a clearance 
thickness . D between the control circuit board 61 and the second board 

( 2 ) The control circuit board 61 is provided at a position 30 71 in the motor short - transverse direction . That is , the relay 
shifted in the motor short - transverse direction relative to the circuit 64 is set to have a height over the control circuit board 
imaginary straight line L2 in parallel with the motor flat 61 , and has an upper end ( an end in the motor short 
plane and orthogonal to the axis Ll of the rotary shaft 13 . transverse direction ) located at the opposite side to the 
The Hall Effect IC 62 is provided on a surface of the control second board over the control circuit board 61 . Likewise , the 
circuit board 61 facing the imaginary straight line L2 , i . e . , 35 choke coil 72 has a height dimension set to be larger than the 
the surface 61a . Accordingly , the Hall Effect IC 62 can be clearance D between the control circuit board 61 and the 
made further closer to the sensor magnet 17 , and thus the second board 71 , and an upper end of the choke coil 72 is 
Hall Effect IC 62 is allowed to readily detect magnetic flux located at the opposite side to the second board over the 
from the sensor magnet 17 . control circuit board 61 . That is , both upper end of the relay 

( 3 ) The Hall Effect IC 62 is mounted on the control circuit 40 circuit 64 and upper end of the choke coil 72 protrude from 
board 61 by the surface - mount technology . This contributes the control circuit board 61 . 
to space saving . As illustrated in FIGS . 6 and 7 , a cutout 61c correspond 

The embodiment of this disclosure may be modified as ing to the external shape of the relay circuit 64 is formed in 
follows . the control circuit board 61 . This cutout 61c suppresses 

In the first embodiment , a pulse width modulation circuit 45 interference between the control circuit board 61 and the 
( PWM circuit ) for controlling a rotation speed is not par - relay circuit 64 . 
ticularly mentioned . However , the embodiment may employ According to the above - described structure , the control 
a structure in which a PWM circuit is provided on the circuit 63 controls the relay circuit 64 based on rotation 
control circuit board 61 , and the pulse width of the drive information of the rotary shaft 13 , thereby supplying a drive 
current supplied to the armature 12 is changed by the PWM 50 current to the armature 12 , and causes the PWM circuit to 
circuit , thereby controlling the rotation speed of the rotary change the pulse width of the drive current , thereby con 
shaft 13 . trolling the rotation speed of the rotary shaft 13 . 

According to the structure illustrated in FIGS . 5 to 7 , the 
5 to 7 , a second board 71 separated from the control circuit control circuit 63 and the relay circuit 64 are provided on 
board 61 as a first board may be provided in the connector 55 separate boards ( the control circuit board 61 and the second 
module 4 , and a PWM circuit may be built in the control board 71 ) , and thus the planar area of each board 61 , 71 is 
circuit 63 . The structure illustrated in FIGS . 5 to 7 includes reduced . Since the two boards 61 and 71 are arranged to face 
modifications in the circuit structure including boards and each other , an increase in size of the connector module 4 in 
the shape of the connector housing 51 to retain the two the direction of the plane of the board is suppressed . 
boards with respect to those of the first embodiment . Other 60 Moreover , the clearance D between the control circuit 
structures , however , such as the terminal holder 56 , the board 61 and the second board 71 in the motor short 
press - fit portion 51e formed on the terminal holder 56 , and transverse direction is set to be smaller than the height 
each connector - side terminal 57 held by the terminal holder dimension H of the relay circuit 64 . Accordingly , the space 
56 , are the same as those of the first embodiment . for the control circuit board 61 and the second board 71 

As illustrated in FIG . 5 , the second board 71 accommo - 65 ( including the relay circuit 64 ) in the motor short - transverse 
dated in the connector housing 51 together with the control direction can be minimized . Hence , an increase in size in the 
circuit board 61 is parallel with the motor flat plane ( a plane motor short - transverse direction is suppressed although a 

ytro 
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structure in which the two boards 61 and 71 are arranged Accordingly , the control circuit board 61 is fitted in between 
side by side in the motor short - transverse direction is the first and second imaginary planes P1 and P2 to reduce 
employed . the size of the motor 1 in the short - transverse direction . At 

According to the first embodiment , only one Hall Effect the same time , the control circuit board 61 may be arranged 
IC 62 , which detects the vertical magnetic field and the 5 at a location further close to the sensor magnet 17 . As a 
horizontal magnetic field and outputs two - phase pulse sig - result , the distance between the Hall Effect IC 62 mounted 
nals , is provided . However , the embodiment is not particu on the control circuit board 61 by the surface - mount tech 
larly limited to this structure . For example , a structure may nology and the sensor magnet 17 is reduced . By causing the 
be employed in which a plurality of general Hall Effect ICs , Hall Effect IC 62 to be closer to the sensor magnet 17 , 
which detect only magnetic fields vertically entering the 10 magnetic force by the sensor magnet 17 can be suppressed 
surface , are provided and each Hall Effect IC outputs a pulse without deteriorating the rotation detection performance , 
signal to the control circuit 63 . and the present embodiment contributes to a cost reduction . 

In the first embodiment , the mount surface ( the surface According to the structure illustrated in FIG . 8 , the Hall 
61a ) of the control circuit board 61 , on which the Hall Effect Effect IC 62 is provided on the surface 61a ( the surface 
IC 62 is mounted , is located between the first and second 15 facing the imaginary straight line L2 ) of the control circuit 
imaginary planes P1 and P2 . In addition to such a structure , board 61 . Alternatively , as illustrated in FIG . 9 , the Hall 
for example , the embodiment may employ a structure in Effect IC 62 may be provided on a surface 6le of the control 
which the mount surface ( the surface 61a ) of the control circuit board 61 that faces the second imaginary plane P2 . 
circuit board 61 is located on the first or second imaginary In the first embodiment , the relay circuit 64 as a switch 
plane P1 or P2 . 20 circuit that generates a drive current to be supplied to the 

In the first embodiment , the Hall Effect IC 62 is mounted motor unit 2 is used . Instead of the relay circuit , for example , 
on the control circuit board 61 by the surface - mount tech - a semiconductor switch may be used . 
nology . In addition to such a structure , the embodiment may In the first embodiment , the press - fit portion 51e of the 
employ a structure in which , for example , the Hall Effect IC connector module 4 has a protruding shape and a press - fit 
62 is spaced apart from the surface 61a of the control circuit 25 counterpart portion of the gear housing 41 is the press - fit 
board 61 , and a terminal extending from the Hall Effect IC hole 41a . Conversely , the press - fit portion of the connector 
62 is welded and connected to the control circuit board 61 . module 4 may have a recessed shape and the press - fit 
The Hall Effect IC 62 may be attached to the edge portion counterpart portion of the gear housing 41 may have a 
of a tip or the like of the extended board portion 61b of the protruding shape . 
control circuit board 61 directly or via a holder member . 30 In the first embodiment , a connection structure is 

According to the first embodiment , the Hall Effect IC 62 employed in which the branched portion 57a is formed at the 
is provided on the surface 61a of the control circuit board 61 . connector - side terminal 57 , and the power feeding terminal 
However , the Hall Effect IC 62 may be provided on the back 34 is held between the pieces of the branched portion 57a . 
surface ( the surface facing the second imaginary plane P2 ) Conversely , the embodiment may employ a connection 
of the control circuit board 61 . 35 structure in which the branched portion may be formed at the 

According to the first embodiment , an edge ( a tip of the power feeding terminal 34 , and the connector - side terminal 
extended board portion 61b ) of the control circuit board 61 57 may be held between the pieces of the branched portion . 
is arranged to face the outer circumference of the sensor In the first embodiment , the connector module 4 is 
magnet 17 in the motor long - transverse direction , and the assembled with the gear housing 41 in the direction orthogo 
sensor magnet 17 and the Hall Effect IC 62 are located on 40 nal to the axial direction ( motor long - transverse direction ) . 
the same straight line extending in the motor long - transverse In addition to such a structure , for example , the embodiment 
direction . However , the embodiment is not particularly may employ a structure in which the connector module 4 is 

cture . For example , the extended board assembled in the motor axial direction . 
portion 61b may be located above or below the sensor In the first embodiment , the present disclosure is applied 
magnet 17 in the motor axial direction , and the sensor 45 to the motor 1 used as a drive source of a power window 
magnet 17 and the Hall Effect IC 62 may be located on the device . The present disclosure may be applied to a motor 
same straight line extending in the motor axial direction . used as a drive source for other devices than the power 

According to the first embodiment , the control circuit window device , such as a vehicular wiper device . 
board 61 is arranged in parallel with the motor flat plane . 
The embodiment is , however , not particularly limited to this 50 Second Embodiment 
structure . As long as a structure is employed in which the 
control circuit board 61 is located in between the first and A second embodiment of the present disclosure will now 
second imaginary planes P1 and P2 , the control circuit board be described with reference to FIGS . 10 to 13 . Like or the 
61 may be inclined relative to the motor flat plane . This same reference numerals are given to those components that 
structure also brings about the same advantages described in 55 are like or the same as the corresponding components 
the above embodiment . described above . 

The control circuit board 61 may be arranged as illus - As illustrated in FIGS . 10 and 11 , the connector housing 
trated in FIG . 8 . According to the structure illustrated in FIG . 51 is provided with the first board 61 and the second board 
8 , like the first embodiment , the control circuit board 61 is 71 each in a planar shape . As illustrated in FIGS . 11 and 12 , 
provided between the first and second imaginary planes P1 60 the first board 61 as the control circuit board and the second 
and P2 . A tangent line L4 of the sensor magnet is also a board 71 are arranged to be parallel with each other and to 
tangent line of the outer circumference of the sensor magnet be orthogonal to the motor short - transverse direction ( i . e . , 
17 orthogonal to both first and second imaginary planes P1 parallel with the flat plane of the motor 1 ) . That is , the first 
and P2 . Furthermore , in FIG . 8 , the tip of the control circuit board 61 and the second board 71 are arranged to face each 
board 61 , i . e . , a magnet - side end 61d is located on a side of 65 other in the motor short - transverse direction . The first board 
the sensor magnet tangent line L4 that corresponds to the 61 and the second board 71 are provided in the connector 
sensor - magnet - 17 ( the right side as viewed in FIG . 8 ) . housing 51 such that respective portions protrude from the 
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opening 51b . The first board 61 and the second board 71 Hall Effect IC 62 is mounted on the surface 61a of the first 
construct a control circuit member . board 61 . The Hall Effect IC 62 has a surface ( a surface 

A positioning member 51c extending in the motor short parallel with the surface 61a of the first board 61 ) is 
transverse direction is formed at the connector housing 51 . substantially orthogonal to the rotation direction of the 
The position of the first board 61 in the short - transverse , 5 rotary shaft 13 . 
axial , and long - transverse directions of the motor 1 is As illustrated in FIGS . 11 to 13 , electrical components , 
determined by the positioning member 51c . The first board such as a connection member 73 , the choke coil 72 as a noise 
61 is arranged to face the sensor magnet 17 in the motor eliminator , and the relay circuit 64 , are provided on a surface long - transverse direction . The first board 61 is provided at a 71a ( a surface facing the first board 61 ) of the second board position shifted in the motor short - transverse direction ( off - 10 
set position ) relative to the imaginary straight line L2 ( see The connection member 73 is formed of plastic . The FIG . 3 ) parallel with the motor long - transverse direction and 
orthogonal to the axis L1 of the rotary shaft 13 . The second attaching portion 73a is formed with the connection member 

73 . The attaching portion 73a is engaged with the engage board 71 is arranged on a side of the first board 61 that corresponds to the connector boot 54 while the second 15 ment recess 51d ( see FIG . 13 ) formed in the connector 
board 71 is located in a space formed below the external housing 51 . Accordingly , the second board 71 is fastened 
connection portion 53 in the axial direction . with the connector housing 51 . 
As illustrated in FIG . 11 , the first board 61 and the second The connection member 73 has the choke coil 72 as a 

board 71 are arranged such that respective surfaces are noise eliminator . The connection terminals 74 are provided 
parallel with the height direction of the connector housing 20 in the connection member 73 . The connection terminals 74 
51 ( a direction consistent with the direction of the axis Li , are connected with the first board 61 . The first board 61 and 
or the vertical direction as viewed in FIG . 11 ) . The first the second board 71 are electrically connected to each other 
board 61 and the second board 71 are structured such that a via the connection terminals 74 . 
width W2 of the second board 71 in the height direction of As illustrated in FIGS . 11 and 12 , each electrical com 
the connector housing 51 is within a width W1 of the first 25 ponent provided on the surface 61a of the first board 61 and 
board 61 in the height direction as viewed in the attaching each electrical component provided on the surface 71a of the 
direction X ( direction orthogonal to the sheet of FIG . 11 ) of second board 71 are arranged in an offset manner not to 
the connector module 4 . Accordingly , even if the dimension interfere with each other in the board planar direction ( the 
of the connector housing 51 ( opening 51b ) in the height direction of the sheet of FIG . 12 ) . 
direction is designed to be small in accordance with the 30 More specifically , in a portion where the first board 61 and 
width W1 of the first board 61 without taking the width W2 the second board 71 overlap with each other in the motor 
of the second board 71 into consideration , the first and short - transverse direction ( direction orthogonal to the sheet 
second boards 61 and 71 can be arranged in the connector of FIG . 12 ) , the control circuit 63 of the first board 61 and 
housing 51 . the capacitor 65 thereof are located below the connection 

As illustrated is FIG . 10 , a part of the first board 61 35 member 73 of the second board 71 ( downward the connec 
extends toward a side of the external connection portion 53 t ion member 73 in FIG . 12 ) . Accordingly , the control circuit 
in the motor short - transverse direction . The connector ter - 63 and the capacitor 65 do not interfere with the connection 
minals 55 are embedded in the external connection portion member 73 . 
53 by insert molding . Each connector terminal 55 has a first T he extended board portion 61b of the first board 61 does 
end connected to the first board 61 , and has a second end 40 not face the second board 71 in the motor short - transverse 
protruding in the internal space of the receptacle 53a of the direction ( direction orthogonal to the sheet in FIG . 12 ) , and 
external connection portion 53 . The second end of each thus the Hall Effect IC 62 mounted on the extended board 
connector terminal 55 is connected to the external connector portion 61b is shifted relative to the electrical component of 
to be plugged in the receptacle 53a . Inputting and outputting the second board 71 in the board planar direction ( direction 
of electric signals relative to the motor 1 and power supply 45 of sheet of FIG . 12 ) . 
thereto are performed through this external connector . A portion of the second board 71 where the choke coil 72 
As illustrated in FIGS . 11 and 13 , electrical components , is provided does not face the first board 61 in the motor 

such as the Hall Effect IC 62 as a rotation detecting element , short - transverse direction , and thus the choke coil 72 is 
the control circuit 63 , and the capacitor 65 as a noise shifted relative to the electrical component of the first board 
eliminator are mounted on the surface bla ( a surface facing 50 61 in the board planar direction . The choke coil 72 has a 
the second board 71 ) of the first board 61 by the surface - large height dimension ( a dimension in the direction 
mount technology . A pulse width modulation circuit ( PWM orthogonal to the board ( motor short - transverse direction ) ) . 
circuit ) for controlling a rotation speed is built in the control The height dimension is set to be larger than the clearance 
circuit 63 . The extended board portion 61b is formed at a D between the first board 61 and the second board 71 in the 
portion of the first board 61 that is located at the same 55 motor short - transverse direction . That is , as illustrated in 
position as that of the sensor magnet 17 in the motor axial FIG . 11 , the choke coil 72 has an upper end located on the 
direction . The extended board portion 61b extends toward back side of the first board 61 ( a side opposite to the second 
the sensor magnet 17 in the motor long - transverse direction , board ) . 
and a tip of the extended board portion 61b faces the outer The relay circuit 64 of the second board 71 is likewise has 
circumference of the sensor magnet 17 in the motor long - 60 a height dimension H set to be larger than the clearance D 
transverse direction . The Hall Effect IC 62 is provided on the between the first board 61 and the second board 71 . As 
extended board portion 61b . That is , the extended board illustrated in FIGS . 12 and 13 , in the first board 61 , the 
portion 61b is a portion that protrudes to arrange the Hall cutout 61c corresponding to the external shape of the relay 
Effect IC 62 near the sensor magnet 17 . circuit 64 is formed at a position facing the relay circuit 64 
As illustrated in FIG . 10 , the Hall Effect IC 62 is provided 65 in the motor short - transverse direction . The relay circuit 64 

at the same position as that of the sensor magnet 17 in the is fitted in the cutout 61c of the first board 61 . As illustrated 
motor axial direction . As illustrated in FIGS . 11 and 13 , the in FIG . 11 , the relay circuit 64 has an upper end located on 
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the back side of the first board 61 . That is , this cutout 61c 6 5 , and the like ) of the first board 61 and the electrical 
prevents interference between the first board 61 and the component ( the connection member 73 , the choke coil 72 , 
relay circuit 64 . the relay circuit 64 , and the like ) of the second board 71 are 

Next , operation of the present embodiment will be arranged to be shifted in the board planar direction not to 
described 5 interfere with each other . Accordingly , the electrical com 

When power is supplied to the armature 12 through the ponents can be divided into a group mounted on the first 
external connector plugged in the receptacle 53a of the board 61 and a group mounted on the second board 71 , and 
external connection portion 53 , and the armature 12 ( rotary thus the area of each board 61 , 71 can be reduced . The motor 
shaft 13 ) is rotated , the sensor magnet 17 rotates integrally 1 employs a structure in which the respective electrical 
with the rotary shaft 13 . At this time , the Hall Effect IC 62 10 components of the boards 61 and 71 do not interfere with 
detects changes in the magnetic field due to the rotation of each other although the clearance between the first and 
the sensor magnet 17 . second boards 61 and 71 , which face each other in a surface 

The Hall Effect IC 62 of the present embodiment alter - to surface manner , is reduced . Hence , an increase in size of 
nately detects a first magnetic field ( vertical magnetic field ) the motor 1 is suppressed by reducing the clearance between 
vertically entering a plane parallel with the surface 61a of 15 the first and second boards 61 and 71 . 
the first board 61 , and a horizontally entering second mag - ( 5 ) The cutout 61c ( insertion portion ) , in to which the 
netic field ( horizontal magnetic field ) , and generates respec - electrical component ( in the present embodiment , the relay 
tive pulse signals based on the magnetic fields . Next , the circuit 64 ) provided on the second board 71 is inserted , is 
Hall Effect IC 62 outputs two - phase pulse signals to the formed in the first board 61 . Accordingly , the first and 
control circuit 63 . When the sensor magnet 17 is rotating , a 20 second boards 61 and 71 are structured such that the 
pulse signal obtained based on the first magnetic field and a electrical components of the first and second boards 61 and 
pulse signal obtained based on the second magnetic field 71 do not interfere with each other while the clearance 
changes at a phase difference of 90 degrees ( electric angle ) between the first and second boards 61 and 71 is reduced . 
from each other . The control circuit 63 detects rotation ( 6 ) The gear housing 41 is in a flat shape that is thin in the 
information ( e . g . , a rotation position ( rotation angle ) , a 25 direction of the rotation axis L3 of the worm wheel 49 , and 
rotation direction , and a rotation speed ) of the sensor magnet the first and second boards 61 and 71 face each other in the 
17 ( the rotary shaft 13 ) based on the two - phase pulse signals . direction of the rotation axis L3 of the worm wheel 49 . 
The control circuit 63 controls the relay circuit 64 based on Hence , the first and second boards 61 and 71 are arranged in 
the rotation information of the rotary shaft 13 , thereby accordance with the flat shape of the gear housing 41 , and 
supplying a drive current to the armature 12 . Accordingly , a 30 thus an increase in size of the gear housing 41 in the motor 
desired rotation of the armature 12 is realized . short - transverse direction is suppressed while ensuring the 

According to the present embodiment , the use of the Hall area of each board 61 , 71 . 
Effect IC 62 , which can detect the above - described two - ( 7 ) As viewed in the attaching direction X of the connec 
phase pulse signals , improves the flexibility for placement of tor module 4 , the first board 61 and the second board 71 are 
the Hall Effect IC 62 . Accordingly , although the surface of 35 structured such that the width W2 of the second board 71 in 
the Hall Effect IC 62 mounted on the first board 61 by the the board planar direction ( the height direction of the 
surface - mount technology is substantially orthogonal to the connector module 4 ) is within the width W1 of the board 
rotation direction of the sensor magnet 17 as in the present planar direction of the first board 61 . Accordingly , the 
embodiment , the rotation of the rotary shaft 13 is detectable . dimension of the connector housing 51 in the height direc 

According to the present embodiment , the control circuit 40 tion can be set in accordance with the width W1 of the first 
63 controls the relay circuit 64 based on the rotation infor - board 61 without taking the width W2 of the second board 
mation of the rotary shaft 13 to supply the drive current to 71 into consideration . Hence , the first and second boards 61 
the armature 12 , and controls the PWM circuit to cause the and 71 can be arranged in the connector module 4 while 
PWM circuit to change the pulse width of the drive current , suppressing an increase in size of the connector module 4 in 
thereby controlling the rotation speed of the rotary shaft 13 . 45 the height direction ( motor short - transverse direction , and 

The relay circuit 64 is provided on the second board 71 , direction of rotation axis L3 ) . 
and the control circuit 63 is provided on the first board 61 . When a low - cost structure having the second board 71 
Accordingly , in comparison with a structure as a compara - omitted from the connector module 4 is employed , no 
tive example in which only a board is provided , the area of wasted space in the height direction ( motor short - transverse 
each board 61 , 71 can be reduced , and thus an increase in 50 direction , direction of rotation axis L3 ) is formed in the 
size of the motor 1 in the board planar direction is sup - connector housing 51 . This structure contributes to a space 
pressed . According to the present embodiment , the clearance saving in the connector module 4 . Moreover , the second 
D between the first board 61 and the second board 71 is set board 71 can be added to the low - cost structure without 
to be smaller than the height dimension H of the relay circuit changing the height of the connector housing 51 . Accord 
64 and the height dimension of the choke coil 72 . Accord - 55 ingly , it is unnecessary to change the structure of the 
ingly , the installation space of the first and second boards 61 connector attaching portion 43a ( the gear housing 41 ) to 
and 71 in the motor short - transverse direction is minimized . which the connector housing 51 is attached , contributing to 
Hence , although a structure is employed in which the two the improvement of the versatility of the gear housing 41 . 
boards 61 and 71 are provided side by side in the motor The second embodiment of the present disclosure may be 
short - transverse direction , an increase in size of the motor 1 60 modified as follows . 
in the motor short - transverse direction is suppressed . In the second embodiment , the insertion portion into 
Next , characteristic advantages of the present embodi - which the relay circuit 64 is inserted is the cutout 61c . 

ment will be described . However , an insertion portion into which the relay circuit 64 
( 4 ) Respective electrical components are provided on the is inserted may be an insertion hole formed in the first board 

surface 61a of the first board 61 and the surface 71a of the 65 61 to pass all the way therethrough . 
second board 71 facing each other . The electric component In the second embodiment , the relay circuit 64 is inserted 
( the Hall Effect IC 62 , the control circuit 63 , the capacitor in the insertion portion ( the cutout 61c ) , but the electrical 
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component inserted in the insertion portion is not limited to coaxially with the rotary shaft and is integrally rota 
the relay circuit 64 . The motor 1 may employ a structure in tional with the rotary shaft , and the worm wheel is 
which other electrical components are inserted in the inser meshed with the worm shaft ] unit provided at an output 
tion portion . side of the motor unit and comprising a worm wheel ; 

According to the second embodiment , the cutout 61c is 5 a sensor magnet that rotates integrally with the rotary 
formed in the first board 61 . However , the cutout 61c may shaft ; and 
be formed in the second board 71 , and may be formed in [ a connector module that includes a connector portion for 
both first and second boards 61 and 71 . establishing an electrical connection between the out 

According to the second embodiment , the first and second side and the motor unit and a tabular control circuit 
boards 61 and 71 are arranged to be parallel with each other , 10 board provided with a rotation detecting element that 
and to intersect the direction of the rotation axis L3 of the detects rotation of the sensor magnet , wherein 
worm wheel 49 ( motor short - transverse direction ) at right an axial direction of the worm wheel is defined as a motor 
angle . The embodiment is not particularly limited to this short - transverse direction , 
structure . For example , the first and second boards 61 and 71 a plane orthogonal to the motor short - transverse direction 
may be arranged to intersect the direction of the axis L1 of 15 is defined as a flat plane of the motor , 
the rotary shaft 13 or the motor long - transverse direction at the sensor magnet has a first end in the motor short 
right angle . The first board 61 and the second board 71 may transverse direction and a second end opposite to the 
be arranged not to be parallel with each other but may be first end , 
slightly inclined relative to each other . an imaginary plane contacting the first end and being 

The structure of the electrical components provided on the 20 parallel with the flat plane is defined as a first imaginary 
respective boards 61 and 71 are not limited to the second plane , 
embodiments . For example , the structure of the electrical an imaginary plane contacting the second end and being 
component may be changed in accordance with the structure parallel with the flat plane is defined as a second 
of the motor 1 as needed . imaginary plane , and 

According to the second embodiment , one Hall Effect IC 25 the control circuit board is arranged to be parallel with or 
62 , which detects the vertical magnetic field and the hori inclined relative to the flat plane and is located between 
zontal magnetic field and outputs two - phase pulse signals , is the first and second imaginary planes ] 
provided . The embodiment is not particularly limited to such a tabular board provided with a rotation detector that 
a structure . For example , a plurality of general Hall Effect detects rotation of the sensor magnet , wherein 
ICs may be provided that detect only magnetic fields verti - 30 the worm wheel has a rotation axis that is parallel with a 
cally entering the surface In this case , each Hall Effect IC thickness direction of the motor ; 
outputs a pulse signal to the control circuit 63 . the motor has a flat plane that is orthogonal to the 

According to the second embodiment , the Hall Effect IC thickness direction of the motor ; 
62 is mounted on the first board 61 by the surface - mount the board extends parallel with the flat plane of the motor 
technology . In addition to such a structure , for example , the 35 and outwardly in a radial direction of the rotary shaft ; 
embodiment may employ a structure in which the Hall Effect 
IC 62 is spaced apart from the surface 61a of the first board the sensor magnet has a first end in the thickness direction 
61 , and a terminal extending from the Hall Effect IC 62 is of the motor and a second end opposite to the first end , 
welded and connected to the first board 61 . and the rotation detector is located within a range of 

According to the second embodiment , the edge of the first 40 the length of the sensor magnet in the axial direction 
board 61 ( the tip of the extended board portion 61b ) is and between a first imaginary plane that contacts the 
arranged to face the outer circumference of the sensor first end of the sensor magnet and a second imaginary 
magnet 17 in the motor long - transverse direction , and the plane that contacts the second end of the sensor mag 
sensor magnet 17 and the Hall Effect IC 62 are located on net . 
the same straight line in the motor long - transverse direction . 45 2 . The motor according to claim 1 , wherein the rotation 
The embodiment is , however , not particularly limited to this [ detecting element is located between the first and second 
structure . For example , a structure may be employed in imaginary planes ] detector is configured to detect a mag 
which the extended board portion 61b is located above or netic flux in a circumferential direction of the sensor magnet 
below the sensor magnet 17 in the motor axial direction , and and a magnetic flux in the radial direction of the sensor 
the sensor magnet 17 and the Hall Effect IC 62 are located 50 magnet . 
on the same straight line in the motor axial direction . 3 . The motor according to claim 1 , wherein 

According to the second embodiment , the connector the [ control circuit board is located at a position shifted in 
module 4 is attached to the gear housing 41 in the direction the motor short - transverse direction relative to an 
orthogonal to the axis ( motor long - transverse direction ) . imaginary straight line that is parallel with the flat plane 
Alternatively , the connector module 4 may be assembled in 55 and intersects an axis of the rotary shaft at right angle , 
the motor axial direction . 

According to the second embodiment , the present disclo the rotation detecting element is located on a side of the 
sure is applied to the motor 1 used as a drive source for a control circuit board that faces the imaginary straight 
power window apparatus . The present disclosure is , how line ] board is located between the first imaginary plane 
ever , applicable to a motor used as a drive source for other 60 and the second imaginary plane . 
devices than the power window device like a vehicular [ 4 . The motor according to any one of claim 1 , wherein 
wiper device . the rotation detecting element is mounted on the control 

The invention claimed is : circuit board by the surface - mount technology . ] 
1 . A motor comprising : 5 . The motor according to claim 4 , wherein 
a motor unit includes a rotary shaft ; 65 a tangent line of an outer circumference of the sensor 
a speed reduction [ mechanism that includes a worm shaft magnet orthogonal to both first and second imaginary 

and a worm wheel , wherein the worm shaft is arranged planes is defined as a sensor magnet tangent line and 

and 

and 
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when the sensor magnet tangent line traverses the control a second board that faces the control circuit board in a 
circuit board as viewed along the axis of the rotary surface - to - surface manner and is electrically connected 
shaft , an end portion of the control circuit board is with the control circuit board , 
located on a side of the sensor magnet tangent line that the connector module is attached to the gear housing , corresponds to the sensor - magnet ] 1 , further compris - 5 electrical components are provided on the facing surfaces ing 

the speed reduction unit provided at the output side of the of the control circuit board and the second board , and 
motor unit , the electrical component on the control circuit board and 

a connector module that includes a connector portion for the electrical component on the second board are 
establishing an electrical connection between the out - 10 shifted in a board planar direction so as not to interfere 
side and the motor unit , wherein with each other . ] 

the board is provided on the connector module , and [ 9 . The motor according to claim 8 , wherein 
the connector module is attached to a housing of the speed an insertion portion is formed in at least one of the control 

reduction unit inwardly in the radial direction of the circuit board and the second board , and 
rotary shaft . 

15 [ 6 . The motor according to claim 1 , wherein the insertion portion receives in it the electrical compo 
nent provided on the other board . ] the connector module includes a second board that is 

parallel with the control circuit board and faces the [ 10 . The motor according to claim 8 , wherein 
control circuit board in the motor short - transverse the gear housing has a flat shape that is thin in the motor 
direction , short - transverse direction , and 

the control circuit board and the second board are elec - 20 ec - 20 the control circuit board and the second board are 
trically connected to each other , arranged to face each other in the motor short - trans 

the second board has on it a switch circuit that generates verse direction . ] 
a drive current to be supplied to the motor unit , and [ 11 . The motor according to claim 8 , wherein a width of 

the control circuit board has on it a control circuit that the second board in a board planar direction is within a width 
controls the switch circuit . ] 25 of the control circuit board in a board planar direction as 

viewed in an attaching direction of the connector module . ] [ 7 . The motor according to claim 6 , wherein 
the switch circuit is a relay circuit , and 12 . The motor according to claim 1 , wherein 
a clearance between the control circuit board and the the rotation detector is secured on the board , thereby 

second board in the motor short - transverse direction is reducing the distance between the rotation detector and 
set to be smaller than a height dimension of the relay 30 the sensor magnet to allow a magnetic force of the 
circuit . ] sensor magnet to be reduced without deteriorating 

[ 8 . The motor according to claim 1 , wherein performance of the rotation detection , and 
the motor unit further includes : the rotation detector in the form of a rectangular prism , 
a gear housing that is assembled with the motor unit and said rectangular prism having a pair of opposing sides 

accommodates the speed reduction mechanism , which 35 exhibiting the largest surface areas of said prism and 
outputs rotation of the rotary shaft after reducing the wherein one of said opposing sides faces the board . 
speed of the rotation ; and 


