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(57) ABSTRACT

This semiconductor device includes: a circuit substrate; a
printed substrate disposed so as to face the circuit substrate;
switching elements attached to the circuit substrate; a circuit
impedance reduction element attached to the printed sub-
strate; a first conductive post; a second conductive post; a
first external connection terminal; and a second external
connection terminal. The switching elements collectively
have a first electrode and a second electrode. The circuit
impedance reduction element includes a third electrode and
a fourth electrode. A length of a current path between the
first external connection terminal and the third electrode 1s

HOIL 23/64 (2006.01) shorter than a length of a current path between the first
HOIL 25/07 (2006.01) external connection terminal and the first electrode. A length
HOIL 25/18 (2006.01) of a current path between the second external connection
HOIL 23/31 (2006.01) terminal and the fourth electrode 1s shorter than a length of
HOIL 23/498 (2006.01) a current path between the second external connection
HOIL 49/02 (2006.01) terminal and the second electrode.
£ 2
R wdoon Siia
N
- ) SEUEE 11 - T
2ia Y oo 1 248
I I e o o B O e T Ty Wit o &":
““‘:\E‘,;E:"““’:.':L! """::‘.I‘.I‘.‘TT:TT"":%{
22k 2ib




£

*‘
l\'\‘\'\‘\'\‘\'\‘\'\‘*- T EIEIEEY Y YR Y Y Y -
4 -

Apr. 30,2020 Sheet 1 of 9

Patent Application Publication

US 2020/0135668 Al

N

L1
rid
i
-9
L
"
[4

" ........
¢ PO —._I_llt. :
i 200 B s

.H ety .n.l\!i.--s.\

™~

. .l.ll -Ir.\n\.r\r\.\.\'s-
v e

N

E

et

- s A "
\

! .\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\*\.\.\.\.\.\.\.\.\.\.\.\.\.\

@ g |
k) a0
% o
- “,
' . PN |
1‘ I..M ) _ M H ‘\l‘!\l\i W g
. e .\.\\.\.\\.\.\\.\.\\.\.\\.\\\.\\\.\\\v{\.\\\.\\\.\\\.\\\ O LSS .\i\. i
4. ey, o bJ—. %
A > K‘lln i\ [
. NG -y o
e oy \3_..&. : o

&

.l
\
L}

B B

L

LS

-

~

3
N
N
]
N
\\\E\\\\\\\\\
\

"
%
. 8 4
: "
!
\%\\\\\\\\\\\\
r
S
A

r

# s;mikﬂsh

0000000000000000000000000000000000000000000

llllllllll

. - w A
g pppp I

Ny

-

L)

]
4

...':*::,

P\\» " oy e
it .u_ % v " ...\v..b
4, ...\\ l).\\
% e
-~ P )
-.-..m\.\u s Y . ! e gl
g - o e / _
. .\ll il . Ry " -
. \)\ ‘ ﬁ'\-ﬂ t
: EAd N w
%m -\-1& l 1 v -
* “\.\.\\.\.\\.\.\\.\.\\.\.\\.\.\\.\.\\\.\\.\.\\.\.\\.\.\\.\.\\.\.\\.\.\\\.\\.\.\\.\.\\.\.\\.\.v —”.\\.ﬁ_
m m g
’ . . \ .\-..b\.!i : ,
’ / T it
m 5 B Ny ..m\ L
P PRI b .
i 7 ;- - S Ny
] A L.....I\ - A - .\\-.i\v ..“
[ YT ? / i
i’ 5 “ o~ i
\ \ ..\I f p
m m P o e
’ . ’ e
i 7 ! ¢ [
-W...M‘c.n ., m - ) o - m
. . : A ,
Cood B 7 B & 7 o
. ’ ..“ R q\r\n :
: P
’ A ot
A L 2
t m Ve
» .. m _.o. m
e m m
| / /
’ ’
’ ’
’ ’
: “
7 /




Apr. 30, 2020 Sheet 2 of 9 US 2020/0135668 Al

Patent Application Publication

1 . y ¢
m 1< B
: e 1

Ei-
87
%

3

by

é_. Lt

: \**I

Uik £ .

/ .. N e . .
-, Py . .

4™ . ~ o . -

A F ) .- b dd 44 L85 VPV Fabdddidrrptrrtydy £ .9 4 J " A » A 4 Q%; s M

L +
w 4
Ta Ay

¥

-
" M

1
M- N M mww-w-mw'm' ey b
wy
-y

“ »"\*ﬁ"
\""
A
3
%
'l .
»
. LaY
7.1"'
5

LY N .
i

"Ny . y \M - . w J
”‘
“~4 -, { _ £3
L - -
i , =y } ! 4
.m -, . WL-... o ]
i, . R LRt B * A i » H | [
LD T B | . |
r I B pn t(,...u..ﬁa..,i /A 1
o A “\Q\‘
A >
‘” .ﬁlﬁ‘ .!...l‘.h' - ‘:\.lll. \.\.# s-‘\’ﬂ.!.\.ﬂ.!.\.ﬂ.!.\.-“. o~y n o . .W W
L 4 LR P ﬁ m. :
iyl ) i ﬂ\\ )
‘. L - Iw?, ’
gt\(.«i%\.v I e v N N\nx H a..\..-
e WAL . - : } L3 -
—p){ I GF O SN s .:vcr._ . vey
- \- - - o
fp « Q) £

{cc._ . I - - i e W Mnﬁ.w
) e Y e e ) .
7. S Do .
' ~m . 3 a' B v ) » -
y ‘l-_r‘.l.. !l-\.v). i g
v = I . . h |

“ TR o5 '

Qw & . = »l(r\. T

-
AV b

p—

LS A Wbt
L |
.' ‘-i |

7

" o , ,
ol caersirssnsmssssssodclmsmrr oy oririber . |
v ] P e
i IRIas _ - . |-
ni?\twm M.‘C.J.u.l\.ql..-\i o e etk M!- o

. Ck - .

-, 4
(7 “nwa .&W\.‘\c\.\mﬂ-

oA oy
e

\%
5%

1

ot 3
- - v’ 3
w _ . b \\ w .
. T el ; b 3 . e it o 2
b v aep~r A . "o .
£ N e g e 4 ot A, &
N L R s 4 u ; U : L E
_— s ] .s\l\vcs* 7%
i .Nv \Q‘ot Q‘t.\‘ » : . -\!‘.accci.‘vit;{ .\.-.!v..r..s r..f R
A r .3 i _ e, s ! e
A & ) 3 L

1

£ %
s.\.‘.% >, Al v.ulv.\v.'om\uo-vavl ..1.

..... . . . i 1 ”
. - » : e S |
3 WAX\ F . . “l “.. W o}}\?‘u’ ] ' -k
- " K ' 1 ’ ..
.(*.'..2 W ppin s . % g Q &. .g - r .f-tu ¥ _ xuv.: et
LA § . 250 e, b, ; " pgp
v .. cr ™ 3 i 0y il
ﬁ%& ’ R el + 4, ) . P rn - ||»Il B ' [
S, i il n)\r. Nowmt e
L |-ll-t..\-r\| E ' / \-.\.‘(% ++ e ry + +
T g Ay et “\Jq. M ALt o LA Vi m— -
] 2y 3 g
%-f ’ + A ! ...,4!&. .\..\{.....\.SLI .
LW > Y T —.’Hlvw y rm.{«x.w MAL SN . 2
4 e . o ™
. . E,
¥ e L -
‘..‘l-(M Lt !l\.‘.\( ﬁ.\.v\.%.h u.inifl .\J\.
re ” [] < - 4 ..\-r\u-\ -
¥ ey [ E st At d -
_ § \.ﬂv&“ gty RS L T LD 7\(...& ) t.....\n.\
- .& (.07\3} ! \3. ¥
L M e ; .
(L A : e i i FaaX
Shahon A= tlnl..i‘n NP PR T LA A A LI S, . ."tl\.- 4 \ 0.
. - “ .W g o $.i . \_1\. Aw—t\.( .ll .\-v‘.. 3
: . . i - A‘CNM
-3 3 =i ¥ N, e ..\ — W 1 2
. v ‘(0-\\1‘..\.-\! . . -l.)i apiy = - - ’ —f“ﬁ 1 .
R o %ul‘.-llclul.\t(l 1. . M L) I.a!\.-nl.\.lk)}.\..\ru. _—— s W. 3 . L |
Vw-\ﬁ Rt JrIpI o SRdb A R N F 3 T
% QM ‘ LR RN e R R N m q_....t.?t w\ . Yo [
. o z%:?gg% 3 uy__
-‘{-u)r MUY I 3w > 1
- -# - - . Q.\.O s‘. . a . E
A" I : .
oy L i ~ L 3 _&wu .,\w
4 ’\.!\I..\h\s.}.l.'. - B e e e ' 3 vu, Q “ - N W m m = a i
b | P L e
. . ) ' e 3 q. Sl P
e A £ w 1
K vl g _ _ “

IR e o TR S R P

/ s Lt . "
?{lx*.’{\x.\b"}.\"ﬂ!n!;i ” \Ea‘d‘(

S | . |

K
r ¢
" £yt L 2 . N
v, &.t,tcc..tcvt..;....#%fo&f\..ﬁr\\%#_ s .?ta..tx”osauah
: 'S ™ 4
a
. "ull .ﬂ&\ A
~ . 3 v
Bl " " b - » . .

) . | = -

~ . - < 2 . a ., _ g 'n l) .
E ) ; | Ay o ~- ﬁ. \L

m W\wﬂ

r i,_,_,._ ,_.__._.__\:_‘ VERAMV IS AATREARS MW

\
(*e
“
\‘-E
D
%
A
*"'\
AT WL
b & o
e e
V‘F"l

A _ . : " s pr Rt
; ol m\.w:-:... w«.‘ wmm. ol B R B
W«M x\\. g e = - et sl e S e 1
Sl s IR s I . Ve Y
. n 3 v d o ’ I “ m".
" s Mx% MB mri_ L, A
L (46T LR S
O] o e )
g i e
. i |
b




Apr. 30, 2020 Sheet 3 of 9 US 2020/0135668 Al

Patent Application Publication

R
7.
-

[

AN
-y
-
s
k‘

53

‘ .\\\*

R
L X
Y
Ry

t*
-

s

“\\‘(a— .Ah MW
. -’.

3

10

{.
3
i3
ﬂﬂﬁ;il;;‘

£ |
5 ™ "

wn
-

- i.
WW*W‘W‘WWWNW'VW‘WMWVV&

",
Pt

‘* 4"?'
»'.
. .u
N
-
\‘%:
;'.:
."0“~'

4

- am I1x 'm M) M mw 1w

e N
|

S Yu -
ee ek
- w

3?5.

- \..\..l.‘.l-l..'».\(l.! K

—
";;Em

23
-A..kt

el B el g PPNy

. B
" g

QW~mwvwvwvww~m«v#mwww W WY N W

%

F—__

.
'~
.

.t

.
’ v'y
»
TR e, i
X 4 . « ag? T
..ll.!\! . ‘.vul

. " x\t“h..osV!n.tV%.ir’ﬁ\L\.\..\‘

i1

L g
PPV I

e

L AL s AP -’

{1

VWY e MW M PR WYY W W W A

"s\ 'd,

A s\d\s\\* a7 ,v Fataly to&v‘ .\M
L)

. - - l.‘ - o - - "l. s
Lbd~, A~ ¥Z ..ﬁm,mm@ A
. )y OO
? L3 Sogeed \&”..,..._,.éw&m&»a...“
s i “, : ®
. L g
\....;. L' B, o
.ﬁ.\'v.u - TN EILN PP AP A Ay e u.t_."h
00 "_
. ? h&l. .\‘..\%- . .5 M’ﬂ}l.}‘
-f...u‘n\n DONSSIANN * “‘.\k R e e PR mqhk
=
\uf ?\.. \)\ - \\hll.\.s_-;ﬁo}.\t

oA

:M
\m‘
]
‘. “ﬂ‘ ‘. “ “ ‘.‘: “ ‘. ‘. “ “ ‘. “ “‘: ‘*‘\“‘ “ ‘. ‘.‘: “ ‘. ““ ‘. ‘. “ ‘.‘: “ “ “.“
g
"1
.
&
:

'.

1

..\ .
\ . . -. ..aL
ol L o
A 3 Sl
_. h. .—.f\.\w m.ua — 2 Wy, FOTAS T mx u 3
. uu. ...Fn\ el AL v AN a \0\
ré.‘ 1\-- * -m‘n‘.l..“...\‘ I{...\H-‘ \- )
g o gt h oy
e r i Y *r5T P \ﬁ\..uﬁh. R4y i
AEE R R I il 2o lt.\. "
ta " g.“ (X \t Pl tux.“\- v «q,
A | o )
. . - - : N
& . o T ; A0 A..}_

.1\-..»:.

.ltc. .Nﬁ ¢, e - \o-\..d._. ..1..
- | R m(( 3..“ u( wyr g
* .&h. .ﬁh\unnn.\f\.&\.l.lv s _ ] W»__nl l ) ) -v w‘w ..0
: ..“.“.”.m,....... r o 0 . B '
vexof | i, e g "

8
N
:
3
S N
“X
Z
-2 e,
ﬂﬂ-
W
(""

3
. ' . " v T4,
}lh Mt 2 igj —l rvved M 4 i
e r -Lr(”)um‘.b. tlh LA W ﬂ\ -. M
; P E
. o e . e " 3 Vi
winid o y Vil i - A T, e
nvi. . * i .s»}.i}v W&?&h
Ly *f.t - s 'l .&% et r ..Js S et "z
4 Ta's'e } N .174 N(}
53 i, G K
: e A7 3 .
o &ns...ch Tﬁ‘.ﬂ\ \i’..v..o\ﬂ A e e T « ¥ x ¥t -A W a%.\l. M.SL.
. . _ I A R w Tl
& e ) || | o
RS X # .h. L "R e, Al
s :
v e
- ,
(7o Laet |
e, T !
S W w
3
. I Mwl
<A £ ;e
. .
¥ ..ﬂ.u“.il“
“ X
; n
.. 4 {.m
st

0
&3

WM\.M h }t \(}_}.&

Ao o QW PN N R
lc'l-

i
2
2

R

s



Patent Application Publication  Apr. 30, 2020 Sheet 4 of 9 US 2020/0135668 Al

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




Patent Application Publication  Apr. 30, 2020 Sheet 5 of 9 US 2020/0135668 Al

First Path wecond Path

External Connectlion
Terminal 132 (P Terminal)

External Connection
terminatl 132 (P Terminal)

Circuit Plate 31 ~11 Circutt Plate 31

3
+
%
¥
*
b vy

Conductive Post 101

External

Connechion
Terminal 143

Second Semiconductor Chip Tr2 | |

- External Connection
Terminal 142 (N Terminal))

Circuit Plate 32

Conductive Post 123 | |

_ 62, 72

| ~L3
| Conductive Post 125 | |
Circuit Plate 35
....... \ v
xtemal Connection | Li>L2

Herminal 142 (N T@rmimai} L3>14




Apr. 30, 2020 Sheet 6 of 9 US 2020/0135668 Al

Patent Application Publication

R

-2

%.r.._ .(M.)m “.\.mt.n\l

o g
:..w NAﬁu : e '§
3 AM.W 1< BT
.ur¢. w.\mmﬁw .st« z . ﬁ”ﬂw_ \\W”.V.\_u“ m “
o4 R £ 7] L e b |
. Y..\..\..w N.. i mw\tu}}m WMW.\JA ., m “
: i 1
, q
Y
“

b
b
i . )
.A w .30..&01 *ﬂ t’& -inh\\ J u cr\.\ m m
m).# * 4 e @..M:M*.. .
w -. .m .whm.. wm ix.qgf..k. m w. &(.'s\. t..s%ﬂ.ﬁ.\t\r* m.w‘l.v H “ u H" u
% WA R LA R AN RN E AN A RN AT AN A WAL AAAARAARAAASAA LA L OO LA AL A LA AR b, : § ’ < ) m e [
: i) ! :
..r.w. 2 mnu . ;..s.f\.}ﬂ . ..._.xsa) o M \.?\.....wa 4«%...‘_...&‘ " n
«Q»# x Wo.._..s ?a..v’. e o .3-1 ‘ kA ‘-.m o y ¥ ” b .
Aaad § g o ' 1, y ? e
,..m ., . J 7o e ' :.% : “ by ul_
. )lu*:.t&v{:.t..v. - L X P : - a&. ) v » v -*u v(\‘n ) Aol
& % iy | e e S N R
VAT S Wu\c u »..r.w.ef 4 u :
e B s i O A |
N mT.,..k..t.\\..(.. AT AP EIE S AN LY AP “ PRV R A BEE ST S ' B .n___fﬂw g e, - i !
57 ‘ z 5 i Pl |
R » .ﬁ » 5 %-w _r i % ..2...,.;..“.”.. AT .Ahh,. e . d
. W < M .._.......... ] (" .\a. _-.rr_r w " b e
” . o . - ' . -
e .\w‘m " __“.\\\.\\\.\\\.\\.\.\NN\\\\\\\\\&N\\%\\\\\N&\%\.ﬂ < e - . .ﬂ_.A.A.A._ i i y A_.“.E-m :
L s % . £or e : R 1i * :
- ., p 4 e ” 2 . ¥ > e i i z
" , 7 B 7 2 g : 7 '} :
" ¢ A " » I X . ! ! -
i, ol ’ " PR St _ - AR PR
a\... . \ f ’ ol i - o e : M._- . .
o ., coom L et L e L R
o SN . £ od e s 1R 4 { v
¥ ..u..nw:; Yo, ﬁ..\.m.\. LB R R NI < R NI & R R .m“ﬂ = a - R .h TTre, uw.. = .\\ :
e “Na, g T, ' ¥ A Tfﬁ. rtaa I .
i '1%0 ?‘“\Qci . “ *- ) \n“\ ..f\-‘l!\’sl‘ b Ml S SPUPSRSRPL) JL) + “ “ W m
\ \ . . E
/ A T A ety _ '
’ . X | %
“ & w‘ “ \- tﬁ hl\! ' m u u r et b e - Ir.!h.l‘!.... £ - M
\ “ \ujcu-\a *\u‘-\lll\.- = U ll‘.— ’ u “
“ \U.‘\l“ﬂ. ..*ll.‘l\t.\-..lllv alh K “ u i M
x . oot d |
;7 ¥ Z : ™4 % N | I i
\ x - .
’ s i »tht‘M |
/ 7 i’ il JJ.L rves : L PR et g L wm.v.m
m m .x.s.t&\? ) Wo.‘w...w Q«#w. “ “. VI et SALERA S S . \-...w«..‘ .\w
y %5 o aas 9 soisied % |
’ o
’ b3 " . A
\ ¥ -
: 4 b e s
. \ R i N i’ .Y . o }
4 A . SRR " oL " \._v“- i ' ..c B
“ .‘..W m AR SRR T At axucwh & _..}.eh ﬂ&&}? P VN bbb wwer &
7 PARE R SR Y “ . Lodow oo i
¢ i g P’ B
“ »W “ .«.& . ; cie.sc..p. . o W¥, - .
‘_ . x ) -a.3 4. Y u g : . tt\....lt:vr .\.v
«an% a&.f,r:,a\,v..\.:.?:c . . .
% . : :
oY W L

B
%
&
&
*®
&
&..
i

Lok

‘t.‘- . .
e ¥ e g v >
PRt o £ PR AR PRy 22 AP I ) B Kt it e et T R &

1.1 - . ) ..t.ﬂfﬂ\wh W.M_Vw
r (e - | A
£ - MM..N ..u..)\\.\ﬁwwm&..

ra® . % N
........... - . ”..H ["ny, AMM%
.%.a.s.. _3.:&

ﬂw :

el

- a Y LS

L]
\
4

- - oa
A -
4 = & 4

v
%
5
2
‘. w' s re. o _ £
- . e Iyt .m ]
o " .k "
T
¥
= 2. :
-
& "
& :
z
- * P—
i . g .1.....\{.......“ o e LS S b : m\hww
- o a rF .&- ha..{a.- s.u“v
’ - 4 % — PO e |
. R e ﬂ
3 > XL " " . T :
,V-x.ih - ” . ” z, '
N S " % " - * :
1 I ’ ” % . :
* .\ v .\- “
v ‘n * . 5
» ‘ -.‘\ - > & .h.r‘.‘.l.‘\ e l.b.\.wt- “
et bl el A b ekl e e Y e St ekt ?
r %
. 4 R
s : . g &
/ _ ; :
s 1 Ay n N
P A e K % W e - n A KA e s
7 e
..Lv.b?:\s “ \
W \ 7 “
’ “_. g
“ . v “ N R
/ ? g WO, :
; e,
L ERAAWATR TN ?\ “No, A
..\v..&
e
: oy :
e "y
. , ‘
,.,.\....
._5\..
It a
..\ ™
- 3 '
o, Ly
¥
“4&.. 4 al
. p 1
i _ .—.ﬁ&-ﬂa ..‘“ . i
| .“‘ lu -
u \\\d - 1 A-
“ H\....v ..ﬁu ¥ ......M

=

3

;.g;;

T &
X

d'q

2

1
2



Patent Application Publication  Apr. 30, 2020 Sheet 7 of 9 US 2020/0135668 Al

1A




Patent Application Publication

Exiernal
Connection

Termingl 143

First Path
B External Connection
lerminal 132 (P Terminal)

Circuit Plate 31

irst Semcmcﬁucmr
Chip Tr1

-

TV A e A M AR AB M AR AR M b A0

Y

Conductive Layer 61, 71

Conductive Post 101

Circuit Plate 32

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 wrrfs

H
| Conductive Post 123 |
 Conductive Layer 62, 72
.......... . _ na

External Conneclion |

Terminal 142 (N Terminal) |

Apr. 30, 2020 Sheet 8 of 9

ferminai 132 (P lermiinal)

Termmai 142 (N Terminal)

US 2020/0135668 Al

second Path
xternal Connection

Conductive Post 114 | 9

el e

Conductive Layer 64

Capacitor ¢ }

J

4
K

Hasisior Hiement K

iy
;r;
1
‘l’
F

Conductive Layer 62 | ’

Conductive Post 124 | |

E Circuit Plate 35 i

Fxternal Conneclion

A T A S WL W WP S Oy U L WALSNSDD WS\




Patent Application Publication  Apr. 30, 2020 Sheet 9 of 9 US 2020/0135668 Al

12

69 Ck2Z CB CE1 64

_‘ -l I.""‘d

72




US 2020/0135668 Al

SEMICONDUCTOR DEVICE
BACKGROUND OF THE INVENTION

Technical Field

[0001] The present invention relates to a semiconductor
device.

Background Art
[0002] In an inverter device, uninterruptible power supply

device, machine tool, industrial robot, etc., a semiconductor
device (heremnafter also referred to as a power semiconduc-
tor module) on which power semiconductor elements are
mounted 1s used separately from the main body device (see
Patent Documents 1 and 2, for example).

RELATED ART DOCUMENTS

Patent Documents

[0003] Patent Document 1: WO 2014/185050
[0004] Patent Document 2: Japanese Patent Application
Laid-Open Publication No. 2013-222950

SUMMARY OF THE INVENTION

[0005] In the power semiconductor module disclosed 1n
Patent Document 1, oscillation of the gate electrode voltage
of a semiconductor chip 1s suppressed, but there are no
oscillation suppressing effects for the source-drain voltage.
In particular, a power semiconductor module (hereinafter
also referred to as a S1C module) on which 1s mounted an
S1C (s1licon carbide)-MOSFET (metal oxide semiconductor
field-eflect transistor) as the power semiconductor element
has faster switching than an IGBT (insulated gate bipolar
transistor), and thus the drain-source surge voltage tends to
be large. Due to this, in a SiC module, 1t 1s desirable to
reduce the surge voltage of the drain-source (namely, 1n the
current path of the switching element) and to suppress
oscillation of voltage.

[0006] The present invention was made with attention to
the aforementioned problems and aims at providing a semi-
conductor device with which it 1s possible to reduce surge
voltage 1n the current path of the switching element and to
suppress oscillation of voltage.

[0007] Additional or separate features and advantages of
the invention will be set forth 1n the descriptions that follow
and 1n part will be apparent from the description, or may be
learned by practice of the invention. The objectives and
other advantages of the invention will be realized and
attained by the structure particularly pointed out in the
written description and claims thereof as well as the
appended drawings.

[0008] To achieve these and other advantages and 1n
accordance with the purpose of the present invention, as
embodied and broadly described, in one aspect, the present
disclosure provides a semiconductor device, comprising: a
circuit substrate; a printed substrate disposed above the
circuit substrate so as to face the circuit substrate; switching
clements attached to the circuit substrate, collectively hav-
ing a first electrode as a positive-side electrode and a second
electrode as a negative-side electrode; a circuit impedance
reduction element attached to the printed substrate; a first
conductive post electrically and mechanically connected to
the circuit substrate and the printed substrate; a second

Apr. 30, 2020

conductive post disposed 1n a position separated from the
first conductive post and electrically and mechanically con-
nected to the circuit substrate and the printed substrate; a
first external connection terminal going through the printed
substrate and mechanically connected to the circuit sub-
strate, and electrically connected to the first electrode; and a
second external connection terminal going through the
printed substrate and mechanically connected to the circuit
substrate, and electrically connected to the second electrode,
wherein the circuit impedance reduction element includes: a
third electrode electrically connected to the first external
connection terminal via the first conductive post; and a
fourth electrode electrically connected to the second external
connection terminal via the second conductive post, wherein
a length of a current path between the first external connec-
tion terminal and the third electrode 1s shorter than a length
of a current path between the first external connection
terminal and the first electrode, and wherein a length of a
current path between the second external connection termi-
nal and the fourth electrode 1s shorter than a length of a
current path between the second external connection termi-
nal and the second electrode.

[0009] The present invention makes 1t possible to provide
a semiconductor device with which it 1s possible to reduce
surge voltage 1n the current path of the switching element
and to suppress oscillation of voltage.

[0010] It 1s to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory, and are intended to provide
further explanation of the imnvention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 11s a plan view of a configuration example of
a semiconductor device according to Embodiment 1 of the
present invention.

[0012] FIG. 2 1s a plan view of a configuration example of
the semiconductor device according to Embodiment 1 of the

present invention.

[0013] FIG. 3 1s a plan view of a configuration example of
the semiconductor device according to Embodiment 1 of the
present invention.

[0014] FIG. 4 1s a cross-sectional view of a configuration
example of the semiconductor device according to Embodi-
ment 1 of the present invention.

[0015] FIG. 5 1s a cross-sectional view of a configuration
example of the semiconductor device according to Embodi-
ment 1 of the present invention.

[0016] FIG. 6 1s a cross-sectional view of a configuration
example of the semiconductor device according to Embodi-
ment 1 of the present invention.

[0017] FIG. 7 1s a circuit diagram of an equivalent circuit
of the semiconductor device according to Embodiment 1 of
the present invention.

[0018] FIG. 8 1s a view of current paths of the semicon-
ductor device according to Embodiment 1 of the present
ivention.

[0019] FIG. 9 1s a plan view of a configuration example of
a semiconductor device according to Embodiment 2 of the
present invention.

[0020] FIG. 10 1s a cross-sectional view of a configuration
example of the semiconductor device according to Embodi-
ment 2 of the present invention.
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[0021] FIG. 11 1s a circuit diagram of an equivalent circuit
of the semiconductor device according to Embodiment 2 of
the present invention.

[0022] FIG. 12 1s a view of current paths of the semicon-
ductor device according to Embodiment 2 of the present
invention.

[0023] FIG. 13 1s a cross-sectional view of a configuration
example of a printed substrate according to Embodiment 3
of the present invention.

[0024] FIG. 14 1s a cross-sectional view of a configuration
example of the printed substrate according to Embodiment
3 of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0025] Embodiments of the present invention will be
described below. In the drawings, parts that are the same or
similar will be assigned the same or similar reference
characters. However, it should be noted that the drawings are
schematic, and that the relationship between thickness and
the planar dimensions and the proportions or the like among
the thicknesses of each device and each member differ in
practice. Thus, specific thicknesses and dimensions should
be determined in reference to the description below. Fur-
thermore, 1t goes without saying that there are parts that
differ 1n the dimensional relationships and proportions
thereof even among the drawings. In particular, in the
disclosed semiconductor devices, the dimensions in the
thickness direction (the Z-axis direction below) are actually
significantly smaller than the dimensions in the planar
directions (the X-axis direction and Y-axis directions
below). Because of this, in the drawings, the dimensions in
the Z-axis direction are expanded relative to the X-axis and
Y-axis directions for ease of 1illustration.

[0026] In the descriptions regarding the drawings below,
there are cases where directions are indicated by using the
X-axis direction, Y-axis direction, and Z-axis direction. For
example, the X-axis direction and the Y-axis direction are
directions parallel to a front surface 10a of an insulating
circuit substrate 10, which 1s described later. The Z-axis
direction 1s the thickness direction of the insulating circuit
substrate 10, which 1s described later. The Z-axis direction
1s orthogonal to the X-axis direction, and the Y-axis direction
and the Z-axis direction are orthogonal to each other.
[0027] Furthermore, in the description below, there are
cases where the Z-axis positive direction 1s referred to as
“up” and the Z-axis negative direction 1s referred to as
“down.” “Up” and “down” do not necessarily signify a
vertical direction with respect to the ground. In other words,
the directions of “up” and “down” are not limited to the
gravitational direction. “Up” and “down” are merely expres-
sions of convenience for specitying the relative positional
relationship 1n a layer, substrate, etc., and do not limit the
technical idea of the present invention. If the sheet of paper
were turned 180 degrees, for example, then 1t goes without
saying that “up” would become “down” and “down” would
become “up.”

[0028] The term “‘electrically and mechanically con-
nected” in the description below 1s not limited to situations
in which the target objects are connected to each other by
direct bonding, but rather includes situations 1n which the
target objects are connected via a conductive bonding mate-
rial such as solder or a metallic sintering material. Further-
more, “the same” not only signifies completely the same, but
also 1ncludes approximately the same or practically the
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same. In addition, “plan view” means seen from a direction
normal to the front surtace 10a (in other words, from the
Z-axi1s direction).

Embodiment 1

[0029] FIGS. 1 to 3 are plan views of configuration
examples of a semiconductor device according to Embodi-
ment 1 of the present mvention. FIGS. 4 to 6 are cross-
sectional views of configuration examples of the semicon-
ductor device according to Embodiment 1 of the present
invention. Specifically, FIG. 1 1s a plan view of a configu-
ration example of a front surface 50a side of a printed
substrate 50 of a semiconductor device 1 according to
Embodiment 1. FIG. 2 1s a plan view of a configuration
example of a rear surface 505 side of the printed substrate
50. FIG. 3 1s a plan view of a configuration example of an
insulating circuit substrate 10 of the semiconductor device 1.
FIG. 4 1s a cross-sectional view 1n which the semiconductor
device 1 has been cut along the A1-A2 line shown 1n FIG.
1 and FIG. 3. FIG. 5 1s a cross-sectional view 1n which the
semiconductor device 1 has been cut along the B1-B2 line
shown 1n FIG. 1 and FIG. 3. FIG. 6 1s a cross-sectional view
in which the semiconductor device 1 has been cut along the
C1-C2 line shown 1n FIG. 1 and FIG. 3.

[0030] The semiconductor device shown in FIGS. 1 to 6 1s
a power semiconductor module on which are mounted
power semiconductor elements, and 1s a 2-1n-1 module (the
upper and lower arms are packaged in one package). The
semiconductor device 1 includes: the msulating circuit sub-
strate 10; a first semiconductor chip Trl, which 1s a power
semiconductor element; a second semiconductor chip Tr2,
which 1s a power semiconductor element; the printed sub-
strate 50; conductive posts 101, 111 to 114, 116, 121 to 126;
external connection terminals 131, 132, 141 to 143; a
capacitor C; a first reflux diode SBD1; a second reflux diode
SBD2; and an msulating resin 80. The power semiconductor
clements are SIC-MOSFETs, for example. Furthermore, the
external connection terminal 132 1s used as a positive
potential-side external connection terminal (P terminal). The
external connection terminal 142 1s used as a negative
potential-side external connection terminal (N terminal).
The external connection terminal 143 1s used as an output
terminal (O terminal).

[0031] The nsulating circuit substrate 10 includes: 1nsu-
lating plates 21, 22; circuit plates 31, 33 fixed to a front
surtace 21a of the msulating plate 21; circuit plates 32, 34,
35 fixed to a front surface 22a of the insulating plate 22; and
metal plates 11, 12 fixed to rear surfaces 215, 2256 of the
insulating plates 21, 22, respectively. The insulating plates
21, 22 are made of an insulating member such as ceramic.
The circuits 31 to 35 and the metal plates 11 and 12 are made
of copper, aluminum, etc. The nsulating plates 21, 22 are
disposed so as to be separated from each other. The metal
plates 11, 12 are disposed so as to be separated from each
other. In addition, on the insulating plate 21, the circuit
plates 31, 33 are disposed so as to be separated from each
other. On the insulating plate 22, the circuit plates 32, 34,
and 35 are disposed so as to be separated from each other.
[0032] The printed substrate 50 1s disposed at a position
facing the front surface 10a of the insulating circuit substrate
10 (the surface on the side where the circuit plates 31 to 35
are fixed). The printed substrate 50 includes: an insulating
base member 51; conductive layers 61 to 65 disposed on a
front surface 51a side of the base member 51; and conduc-
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tive layers 71 to 75 disposed on a rear surface 515 side of the
base member 51. The conductive layers 61 to 65, 71 to 75
are made of a metal such as copper. The conductive layers
61, 71 have the same shape and the same size, for example.
In a plan view seeing through the base member 51, the
conductive layers 61, 71 are disposed 1n positions overlap-
ping each other. The conductive layers 61, 71 are electrically

connected to each other through the conductive posts 101,
113, 116 1nserted into through-holes in the printed substrate
50.

[0033] Similarly, the conductive layers 62, 72 have the
same shape and the same size, for example. In a plan view
seeing through the base member 51, the conductive layers
62, 72 are disposed 1n positions overlapping each other. The
conductive layers 62, 72 are electrically connected to each
other through the conductive posts 123 to 126 inserted into
through-holes in the printed substrate 50.

[0034] The conductive layers 63, 73 have the same shape
and the same size, for example. In a plan view seeing
through the base member 51, the conductive layers 63, 73
are disposed 1n positions overlapping each other. The con-
ductive layers 63, 73 are electrically connected to each other
through the conductive posts 111, 112 1nserted into through-
holes 1n the printed substrate 50.

[0035] The conductive layers 65, 75 have the same shape
and the same size, for example. In a plan view seeing
through the base member 51, the conductive layers 65, 75
are disposed 1n positions overlapping each other. The con-
ductive layers 65, 75 are electrically connected to each other
through the conductive posts 121, 122 inserted into through-
holes 1n the printed substrate 50.

[0036] The first semiconductor chip Trl 1s a S1C-MOS-
FET 1n which S1C, which 1s a wide-bandgap semiconductor,
1s used. The first semiconductor chip Trl has a gate electrode
(G1 and a source electrode S1 on the front surface, and a
drain electrode D1 on the rear surface. The drain electrode
D1 of the first semiconductor chip Trl 1s electrically and
mechanically connected via a conductive bonding material
to the circuit plate 31. Furthermore, the conductive post 113
1s disposed on the source electrode S1. The conductive post
113 1s electrically and mechanically connected via a con-
ductive bonding material to the source electrode S1 and the
conductive layers 61, 71 of the printed substrate 50. The
conductive post 112 1s disposed on the gate electrode G1.
The conductive post 112 1s electrically and mechanically
connected via a conductive bonding material to the gate
electrode G1 and the conductive layers 63, 73 of the printed
substrate 50. The first semiconductor chip Trl turns ON and
OFF current flowing between the drain electrode D1 and the
source electrode S1 on the basis of a voltage signal applied
to the gate electrode G1. The first semiconductor chip Trl 1s
used as a switching element.

[0037] Similarly, the second semiconductor chip Tr2 1s a
S1IC-MOSFET in which S1C, which 1s a wide-bandgap
semiconductor, 1s used. The second semiconductor chip Tr2
has a gate electrode G2 and a source electrode S2 on the
front surface, and a drain electrode D2 on the rear surface.
The drain electrode D2 of the second semiconductor chip
Tr2 1s electrically and mechanically connected via a con-
ductive bonding material to the circuit plate 32. Further-
more, the conductive post 123 1s disposed on the source
electrode S2. The conductive post 123 1s electrically and
mechanically connected via a conductive bonding material
to the source electrode S2 and the conductive layers 62, 72
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of the printed substrate 50. The conductive post 122 1is
disposed on the gate electrode G2. The conductive post 122
1s electrically and mechanically connected via a conductive
bonding material to the gate electrode G2 and the conductive
layers 65, 75 of the printed substrate 50. The second
semiconductor chip Tr2 turns ON and OFF current flowing
between the drain electrode D2 and the source electrode S2
on the basis of a voltage signal applied to the gate electrode
(G2. The second semiconductor chip Tr2 1s used as a switch-
ing element.

[0038] The first reflux diode SBD1 1s a Zener diode. The
first reflux diode SBD1 has an anode electrode Anl (see
FIG. 7, which 1s described later) on the front surface, and a
cathode electrode Cal (refer to FIG. 7, which 1s described
later) on the rear surface. The cathode electrode Cal of the
first reflux diode SBD1 1s electrically and mechanically
connected via a conductive bonding material to the circuit
plate 31. The conductive post 116 1s disposed on the anode
electrode Anl of the first reflux diode SBD1. The conductive
post 116 1s electrically and mechanically connected via a
conductive bonding maternial to the anode electrode Anl of
the first reflux diode SBD1 and the conductive layers 61, 71
of the printed substrate 50. This connects the first reflux
diode SBD1 in parallel to the first semiconductor chip Trl.

[0039] Similarly, the second retlux diode SBD2 1s a Zener
diode. The second reflux diode SBD2 has an anode electrode
An2 (see FIG. 7, which 1s described later) on the front
surface, and a cathode electrode Ca2 (refer to FIG. 7, which
1s described later) on the rear surface. The cathode electrode
Ca2 of the second reflux diode SBD2 1s electrically and
mechanically connected via a conductive bonding material
to the circuit plate 32. The conductive post 126 1s disposed
on the anode electrode An2 of the second reflux diode
SBD2. The conductive post 126 1s electrically and mechani-
cally connected via a conductive bonding material to the
anode electrode An2 of the second reflux diode SBD2 and
the conductive layers 62, 72 of the printed substrate 50. This
connects the second reflux diode SBD2 1n parallel to the
second semiconductor chip Tr2, as shown 1n FIG. 7, which
1s described later.

[0040] The conductive post 114 and the external connec-
tion terminal 132 are disposed on the circuit plate 31. The
conductive post 114 1s electrically and mechanically con-
nected via a conductive bonding material to the circuit plate
31 and the conductive layer 64 of the printed substrate 50.
Furthermore, the external connection terminal 132 i1s elec-
trically and mechanically connected via a conductive bond-
ing material to the circuit plate 31. The external connection
terminal 132 1s 1nserted into a through-hole provided in the
printed substrate 50 and mechanically connected to the
printed substrate 50, but not electrically connected to the
printed substrate 50.

[0041] The conductive post 101 and the external connec-
tion terminal 143 are disposed on the circuit plate 32. The
conductive post 101 1s electrically and mechanically con-
nected via a conductive bonding material to the circuit plate
32 and the conductive layers 61, 71 of the printed substrate
50. Furthermore, the external connection terminal 143 1s
clectrically and mechanically connected via a conductive
bonding material to the circuit plate 32. The external con-
nection terminal 143 1s inserted into a through-hole provided
in the printed substrate 50 and mechanically connected to
the printed substrate 50, but not electrically connected to the
printed substrate 50.
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[0042] The conductive post 111 and the external connec-
tion terminal 131 are disposed on the circuit plate 33. The
conductive post 111 1s electrically and mechanically con-
nected via a conductive bonding material to the circuit plate
33 and the conductive layers 63, 73 of the printed substrate
50. Furthermore, the external connection terminal 131 1s
clectrically and mechanically connected via a conductive
bonding material to the circuit plate 33. The external con-
nection terminal 131 1s inserted into a through-hole provided
in the printed substrate 50 and mechanically connected to
the printed substrate 50, but not electrically connected to the
printed substrate 50.

[0043] The conductive post 121 and the external connec-
tion terminal 141 are disposed on the circuit plate 34. The
conductive post 121 1s electrically and mechanically con-
nected via a conductive bonding material to the circuit plate
34 and the conductive layers 65, 75 of the printed substrate
50. In addition, the external connection terminal 141 1is
electrically and mechanically connected via a conductive
bonding material to the circuit plate 34. The external con-
nection terminal 141 1s inserted into a through-hole provided
in the printed substrate 50 and mechanically connected to
the printed substrate 50, but not electrically connected to the
printed substrate 50.

[0044] The conductive posts 124, 125 and the external
connection terminal 142 are disposed on the circuit plate 35.
The conductive posts 124, 125 are electrically and mechani-
cally connected via a conductive bonding material to the
circuit plate 35 and the conductive layers 62, 72 of the
printed substrate 50. Furthermore, the external connection
terminal 142 1s electrically and mechanically connected via
a conductive bonding material to the circuit plate 35. The
external connection terminal 142 1s 1nserted into a through-
hole provided 1n the printed substrate 50 and mechanically
connected to the printed substrate 50, but not electrically
connected to the printed substrate 50.

[0045] A capacitor C 1s attached to the printed substrate
50. The capacitor C 1s a ceramic capacitor, for example, and
includes a ceramic capacitor body CB and electrodes CE1,
CE2 positioned on both ends of the body. The electrode CFE1
1s electrically and mechanically connected via a conductive
bonding matenal to the conductive layer 64. The electrode
CE2 1s electrically and mechanically connected via a con-
ductive bonding material to the conductive layer 62.

[0046] As shown in FIG. 1 and FIG. 6, 1n the printed
substrate 50, two of the conductive posts 114 are disposed
between the capacitor C and the external connection termi-
nal 132. In the printed substrate 50, two of the conductive
posts 124 are also disposed between the capacitor C and the
external connection terminal 142.

[0047] The insulating resin 80 covers and seals the front
surface 10a side of the insulating circuit substrate 10, the
first semiconductor chip Trl, the second semiconductor chip
1r2, the printed substrate 50, the capacitor C, and the
conductive posts 101, 111 to 114, 116, 121 to 126. The
external connection terminals 131, 132, 141 to 143 protrude
from the insulating resin 80. Furthermore, the metal plates
11 and 12 of the insulating circuit substrate 10 are exposed
from the msulating resin 80. The insulating resin 80 1s made
of an epoxy resin, which 1s a thermosetting resin, for
example.

[0048] FIG. 7 1s a circuit diagram of an equivalent circuit
of the semiconductor device according to Embodiment 1 of
the present invention. As shown 1n FIG. 7, 1n the semicon-
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ductor device 1, the first semiconductor chip Trl and the
second semiconductor chip Tr2 are connected to each other
in series. In other words, the source electrode S1 of the first
semiconductor chip Trl and the drain electrode D2 of the
second semiconductor chip Tr2 are connected to each other
in series. Furthermore, the capacitor C 1s connected 1n
parallel to the first semiconductor chip Trl and the second
semiconductor chip Tr2 that are connected to each other in
series.

[0049] InFIG. 7, one capacitor C 1s shown, but there 1s not
a limit on the number of capacitors C in the embodiments of
the present invention. As shown in FIG. 1, for example, the
semiconductor device 1 may have two capacitors C, and the
two capacitors may be connected to each other 1n parallel.

[0050] As shown in FIG. 7, the drain electrode D1 of the
first semiconductor chip Trl, the cathode electrode Cal of
the first reflux diode SBD1, and the electrode CE1 of the
capacitor C are electrically connected to the external con-
nection terminal 132. The gate electrode G1 of the first
semiconductor chip Trl 1s electrically connected to the
external connection terminal 131. The source electrode S1 of
the first semiconductor chip Trl, the anode electrode Anl of
the first reflux diode SBD1, the drain electrode D2 of the
second semiconductor chip Tr2, and the cathode electrode
Ca2 of the second reflux diode SBD2 are electrically con-
nected to the external connection terminal 143. The gate
clectrode G2 of the second semiconductor chip Tr2 is
clectrically connected to the external connection terminal
141. The source electrode S2 of the second semiconductor
chip Tr2, the anode electrode An2 of the second reflux diode
SBD?2, and the electrode CE2 of the capacitor C are elec-
trically connected to the external connection terminal 142.

[0051] FIG. 8 1s a view of current paths of the semicon-
ductor device according to Embodiment 1 of the present
invention. As shown 1n FIG. 8, the current paths of the
semiconductor device 1 include a first path going through
the first semiconductor chip Trl and the second semicon-
ductor chip Tr2, and a second path going through the
capacitor C.

[0052] In the first path, current flows 1n the order of
external connection terminal 132 (P terminal)—circuit plate
31—first semiconductor chip Trl—=conductive post
113—conductive layers 61, 71—conductive post 101—cir-
cuit plate 32—external connection terminal 143, and exter-
nal connection terminal 143—second semiconductor chip
Tr2—conductive post 123—conductive layers 62, 72—con-

ductive post 125—=circuit plate 35—external connection
terminal 142 (N terminal).

[0053] In the second path, following the charge/discharge
of the capacitor C, current flows 1n the order of external
connection terminal 132 (P terminal)—circuit plate
31—conductive post 114—conductive layer 64—capacitor
C—conductive layers 62, 72—conductive post 124—circuit
plate 35—external connection terminal 142 (N terminal).

[0054] In the semiconductor device 1, the length of the
current path from the external connection terminal 132 (P
terminal) to the electrode CE1 of the capacitor C 1s shorter
than the length of the current path from the external con-
nection terminal 132 (P terminal) to the drain electrode D1
of the first semiconductor chip Trl. For example, as shown
in FIGS. 3, 6, and 8, a length 1.2 of the current path from the
external connection terminal 132 (P terminal) to the elec-
trode CE1 of the capacitor C via the conductive post 114 and
the conductive layer 64 1s shorter than a length L1 of the
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current path from the external connection terminal 132 (P
terminal) to the drain electrode D1 of the first semiconductor
chip Trl via the circuit plate 31. As shown 1n FIGS. 3 and
6, the respective “length of the current path” between two
clements 1s defined as the shortest current path length (i.e.,
a sum of the shortest current path lengths successively
connecting intermediate nodes, 1f any) connecting the two
elements. In FIG. 6, the dimensions 1n the Z-axis direction
are exaggerated as compared with the dimensions in the
X-axis and Y-axis directions. In actuality, the length of the
current path along the conductive post 114 contributes only
a small amount to the length .2 of the current path from the
external connection terminal 132 (P terminal) to the elec-
trode CE1 of the capacitor C. Therefore, as shown 1n FIG.
3, 1t usually 1s suflicient 1f L2 1s shorter than L1 1n a plan
view (1.e., 1n terms of the lengths 1n the X-Y plane).

[0055] Furthermore, the length of the current path from
the electrode CE2 of the capacitor C to the external con-
nection terminal 142 (N terminal) 1s shorter than the length
of the current path from the source electrode S2 of the
second semiconductor chip Tr2 to the external connection
terminal 142 (N terminal). For example, as shown in FIG. 8,
a length L4 of the current path from the electrode CE2 of the
capacitor C to the external connection terminal 142 (N
terminal) via the conductive layer 62 (or the conductive
layer 72), the conductive post 124, and the circuit plate 35
1s shorter than a length L3 of the current path from the source
electrode S2 of the second semiconductor chip Tr2 to the
external connection terminal 142 via the conductive post
123, the conductive layer 62 (or the conductive layer 72), the
conductive post 125, and the circuit plate 35. As shown 1n
FIGS. 3 and 6, the respective “length of the current path”
between two elements 1s defined as the shortest current path
length (1.e., a sum of the shortest current path lengths
successively connecting intermediate nodes, 11 any) connect-
ing the two elements. As described above, in FIG. 6, the
dimensions in the Z-axis direction are exaggerated as com-
pared with the dimensions 1n the X-axis and Y-axis direc-
tions. In actuality, the lengths of the current paths along the
conductive posts 123, 125 contribute only a small amount to
the length L3 of the current path from the source electrode
S2 of the second semiconductor chip Tr2 to the external
connection terminal 142. Also, the length of the current path
along the conductive post 124 contributes only a small
amount to the length L4 of the current path from the
electrode CE2 of the capacitor C to the external connection
terminal 142 Therefore, as shown i FIG. 3, 1t usually 1s
suilicient 1 L4 1s shorter than .3 1n a plan view (1.e., in terms
of the lengths 1n the X-Y plane).

[0056] As described above, the semiconductor device 1
according to an embodiment of the present invention
includes: a circuit substrate (the insulating circuit substrate
10, for example); the printed substrate 50 disposed so as to
face the insulating circuit substrate 10; switching elements
(the first semiconductor chip Trl and the second semicon-
ductor chip Tr2, for example) attached to the insulating
circuit substrate 10 and collectively having a positive poten-
tial-side first electrode (the drain electrode D1, for example)
and a negative potential-side second electrode (the source
electrode S2, for example); a circuit impedance reduction
element (the capacitor C, for example) attached to the
printed substrate 50; a first conductive post (the conductive
post 114, for example) electrically and mechanically con-
nected to the nsulating circuit substrate 10 and the printed
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substrate 50; a second conductive post (the conductive post
124, for example) disposed 1n a position separated from the
conductive post 114 and electrically and mechanically con-
nected to the insulating circuit substrate 10 and the printed
substrate 50; a first external connection terminal (the exter-
nal connection terminal 132, for example) going through the
printed substrate 50 and mechanically connected to the
insulating circuit substrate 10, and electrically connected to
the drain electrode D1; and a second external connection
terminal (the external connection terminal 142, for example)
going through the printed substrate 50 and mechanically
connected to the mnsulating circuit substrate 10, and electri-
cally connected to the source electrode S2.

[0057] The capacitor C includes a third electrode (the
clectrode CE1, for example) electrically connected via the
conductive post 114 to the external connection terminal 132,
and a fourth electrode (the electrode CE2, for example)
electrically connected via the conductive post 124 to the
external connection terminal 142. The length 1.2 of the
current path between the external connection terminal 132
and the electrode CE1 1s shorter than the length L1 of the
current path between the external connection terminal 132
and the drain electrode D1. The length L4 of the current path
between the external connection terminal 142 and the elec-
trode CE2 1s shorter than the length .3 of the current path
between the external connection terminal 142 and the drain
clectrode S2.

[0058] This connects the capacitor C 1n parallel to the
switching elements. Due to this, even in a case where the
switching elements turn ON or turn OFF and the voltage
oscillates between the first electrode and the second elec-
trode, it 1s possible to suppress the oscillation (fluctuation)
of the voltage via the charging or discharging of the capaci-
tor, and thus possible to reduce surge voltage (large wave
voltage). In addition, L1>L3, and L2>[4. This keeps the
inductance of the current path between the external connec-
tion terminals 132, 142 and the capacitor C at a low level,
and 1ncreases charge/discharge responsiveness of the capaci-
tor C. Due to this, the semiconductor device 1 can further
increase the voltage oscillation suppression eflects in the
current path (between the external connection terminals 132
and 142, for example) of the switching elements and the
surge voltage reduction eflects.

[0059] In addition, the semiconductor device 1 includes a
third conductive post (the conductive post 123, for example)
clectrically and mechanically connected to the source elec-
trode S2 and the printed substrate 50. The electrode CE2 1s
clectrically connected to the conductive post 123. This
connects the capacitor C 1n parallel to the switching ele-
ments via the conductive posts 114, 123.

[0060] The insulating circuit substrate 10 includes a first
circuit plate (the circuit plate 31, for example) and a second
circuit plate (the circuit plate 35) provided in a position
separated from the circuit plate 31. The external connection
terminal 132 and the conductive post 114 are electrically
connected via the circuit plate 31. The conductive post 124
and the external connection terminal 142 are electrically
connected via the circuit plate 35. Due to this, current flows
between the external connection terminal 132 and the
capacitor C via the circuit plate 31 and the conductive post
114. Current also flows between the capacitor C and the
external connection terminal 142 via the conductive post
124 and the circuit plate 35.



US 2020/0135668 Al

[0061] The printed substrate 50 includes a first conductive
layer (the conductive layer 64, for example) electrically and
mechanically connected to the conductive post 114, and a
second conductive layer (the conductive layers 62, 72, for
example) provided 1n a position separated from the conduc-
tive layer 64 and electrically and mechanically connected to
the conductive post 124. The electrode CE1 1s electrically
and mechanically connected to the conductive layer 64. The
clectrode CE2 1s electrically and mechanically connected to
the conductive layers 62, 72. Due to this, current flows
between the external connection terminal 132 and the
capacitor C via the circuit plate 31, the conductive post 114,
and the conductive layer 64. Current also tlows between the
capacitor C and the external connection terminal 142 via the
conductive layers 62, 72, the conductive post 124, and the
circuit plate 32.

[0062] The semiconductor device 1 also 1includes the 1nsu-
lating resin 80. The isulating resin 80 covers and seals at
least a portion of the insulating circuit substrate 10, and
covers and seals the switching elements, the printed sub-
strate 50, the capacitor C, and the conductive posts 101, 111
to 114, 116, 121 to 126. The external connection terminals
131, 132, 141 to 143 protrude from the insulating resin 80.
Thus, the 1nsulating resin 80 seals the 1nside of the semi-
conductor device 1. Furthermore, the insulating resin 80
integrates the components forming the semiconductor
device 1 (for example, the insulating circuit substrate 10, the
switching elements, the printed substrate 50, the capacitor C,
the conductive posts 101, 111 to 114, 116, 121 to 126, and
the external connection terminals 131, 132, 141 to 143).

[0063] The switching elements include a first switching
element (the first semiconductor chip Trl, for example) and
a second switching element (the second semiconductor chip
Tr2) connected in series to the first semiconductor chip Trl.
The first semiconductor chip Trl includes a first source
electrode (the source electrode S1, for example) and a first
gate electrode (the gate electrode G1, for example) on the
front surface, and 1ncludes a first rear surface electrode (the
drain electrode D1, for example) on the rear surface. The
second semiconductor chip Tr2 includes a second source
clectrode (the source electrode S2, for example) and a
second gate electrode (the gate electrode G2, for example)
on the front surface, and includes a second rear surface
electrode (the drain electrode D2, for example) on the rear
surface. The source electrode S1 and the drain electrode D2
are electrically connected. The drain electrode D1 1s the first
electrode, and the source electrode S2 1s the second elec-
trode. This makes it possible to realize a 2-1n-1 module in
which the upper and lower arms are packed in a single
package as the semiconductor device 1.

[0064] The capacitor C 1s disposed 1n the vicinity of an
outer edge part SOL (see FIG. 1) of the printed substrate 50.
Due to this, 1t 1s possible for the capacitor C and the first
semiconductor chip Trl or the second semiconductor chip
Tr2 to not overlap in the thickness direction of the semi-
conductor device 1. The first semiconductor chip Trl and the
second semiconductor chip Tr2 tend to generate heat due to
the flowing of current, and the capacitor C tends to have a
change 1n capacitance when temperature increases. How-
ever, 1n the semiconductor device 1, the capacitor C 1s
disposed 1n the vicinity of the outer edge part SOL of the
printed substrate 50, and thus disposed so as to be away from
the first semiconductor chip Trl and the second semicon-
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ductor chip Tr2, which are heat generating sources. This
makes 1t possible for the capacitor C to suppress a change in
capacitance.

[0065] The external connection terminals 132, 142, 143
used as the P terminal, N terminal, and output terminal of the
semiconductor device 1 also tend to generate heat due to the
flowing of current and act as heat generating sources. Due to
this, the capacitor C 1s also preferably disposed so as to be
separated from the external connection terminals 132, 142.
[0066] In the printed substrate 50, the conductive post 114
1s disposed between the capacitor C and the external con-
nection terminal 132. This makes 1t possible for the con-
ductive post 114 to suppress a bonding material from
flowing to the external connection terminal 132 side on the
occasion of using the conductive bonding material to elec-
trically and mechanically bond the electrode CE1 of the
capacitor C and the conductive layer 64. Thus, 1t 1s possible
to prevent the capacitor C and the external connection
terminal 132 from being bonded by the bonding material.
[0067] Similarly, in the printed substrate 50, the conduc-
tive post 124 1s disposed between the capacitor C and the
external connection terminal 142. This makes it possible for
the conductive post 124 to suppress a bonding material from
flowing to the external connection terminal 142 side on the
occasion of using the conductive bonding material to elec-
trically and mechanically bond the electrode CE2 of the
capacitor C and the conductive layer 62. Thus, it 1s possible
to prevent the capacitor C and the external connection
terminal 142 from being bonded by the bonding material.

Embodiment 2

[0068] In Embodiment 1, the circuit impedance reduction
clement was described as being made of the capacitor C.
However, the embodiments of the present invention are not
limited to this. The circuit impedance reduction element may
include a resistor element.

[0069] FIG. 9 1s a view of a configuration example of the
semiconductor device according to Embodiment 2 of the
present mvention. FIG. 10 1s a cross-sectional view of a
configuration example of the semiconductor device accord-
ing to Embodiment 2 of the present invention. FIG. 11 1s a
circuit diagram of an equivalent circuit of the semiconductor
device according to Embodiment 2 of the present invention.
FIG. 12 1s a view of current paths of the semiconductor
device according to Embodiment 2 of the present invention.
Specifically, FIG. 9 1s a plan view of a configuration
example of a front surface 50a side of a printed substrate
50A of a semiconductor device 1A according to Embodi-
ment 2. FIG. 10 1s a cross-sectional view in which the
semiconductor device 1A has been cut along the D1-D2 line
shown 1n FIG. 9. The insulating circuit substrate according
to Embodiment 2 has the same configuration as the insulat-
ing circuit substrate 10 described in Embodiment 1 and thus
1s not shown 1n the drawing.

[0070] As shown in FIG. 9 and FIG. 10, the semiconductor
device 1A includes the printed substrate S0A. The printed
substrate 50A has a conductive layer 66 provided on the
front surface 50a side. Furthermore, as shown 1n FIG. 11, the
semiconductor device 1A includes, as circuit impedance
reduction elements, a capacitor C and a resistor element R
connected 1n series to the capacitor. One electrode CE1 of
the capacitor C 1s electrically and mechanically connected
via a conductive bonding material to a conductive layer 64.
The other electrode CE2 of the capacitor C 1s electrically and
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mechanically connected via a conductive bonding material
to the conductive layer 66. One electrode RE1 of the resistor
element R 1s electrically and mechanically connected via a
conductive bonding material to the conductive layer 66. The
other electrode RE2 of the resistor element R 1s electrically
and mechanically connected via a conductive bonding mate-
rial to a conductive layer 62.

[0071] Due to this, as shown 1n FIG. 12, 1n the semicon-
ductor device 1A, following the charge/discharge of the
capacitor C, current flows in the order of external connection
terminal 132 (P terminal)—circuit plate 31-—=conductive
post 114—conductive layer 64—capacitor C—conductive
layer 66—resistor element R-—=conductive layers 62,
72—conductive post 124—circuit plate 35—external con-
nection terminal 142 (N terminal). As shown 1n FIGS. 9, 10,
and 12, in the semiconductor device 1A as well, a length L4
of the current path between the external connection terminal
142 and the electrode CE2 1s shorter than a length L3 of the
current path between the external connection terminal 142
and the source electrode S2. In addition, a length L5 of the
current path between the external connection terminal 142
and the resistor element R 1s preferably shorter than the
length L.3. As shown in FIGS. 9 and 10, the respective
“length of the current path” between two elements 1s defined
as the shortest current path length (i.e., a sum of the shortest
current path lengths successively connecting intermediate
nodes, if any) connecting the two elements. In FIG. 10, the
dimensions 1n the Z-axis direction are exaggerated as com-
pared with the dimensions 1n the X-axis and Y-axis direc-
tions. In actuality, the lengths of the current paths along the
conductive posts 114, 123, 124, and 125 are much smaller
than those depicted. Accordingly, as shown i FIG. 9, 1t
usually 1s suflicient if L2 1s shorter than L1 and L4 1s shorter
than L3 1n a plan view (i.e., 1n terms of the lengths in the
X-Y plane). Moreover, 1t 1s preferable that LS 1s shorter than
.3 1n the plan view. In the semiconductor device 1A, due to
the circuit impedance reduction elements including a resistor
clement R, it 1s possible to further suppress voltage oscil-
lation 1n the current path (between the external connection
terminals 132 and 142, for example) of the switching
clements.

Embodiment 3

[0072] In Embodiment 1, the capacitor C was described as
being disposed on the front surtace 50a side of the printed
substrate 50. However, the embodiments of the present
invention are not limited to this. In an embodiment of the
present invention, the capacitor C may be disposed so as to
fit into a through-hole provided in the printed substrate.

[0073] FIG. 13 and FIG. 14 are cross-sectional views of
configuration examples of the printed substrate according to
Embodiment 3 of the present invention. As shown 1n FIG.
13, a printed substrate S0B according to Embodiment 3 1s
provided with a through-hole H51 for fitting a capacitor C.
As described above, the capacitor C 1s a ceramic capacitor,
for example, and includes a ceramic capacitor body CB and
electrodes CE1, CE2 positioned on both ends of the body.
The diameter @ of the through-hole H51 1s slightly larger
than the complete length CL of the capacitor C (the distance
from the tip of the electrode CE1 to the tip of the electrode
CE2). This makes it possible to fit the capacitor into the
through-hole H51 as shown by the arrow i1n FIG. 13. As
shown 1n FIG. 14, the capacitor C 1s disposed inside the
through-hole H51 in the printed substrate 50B, which makes
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it possible to reduce a step d between the printed substrate
50B and the capacitor C. Due to this, on the occasion of
forming the insulating resin 80, it 1s possible to increase the
fluidity of a molten resin (the insulating resin 80 1n a molten
state), and to prevent a gap from occurring near the step
between the printed substrate S0B and the capacitor C.
[0074] In Embodiment 3 as well, the capacitor C and the
printed substrate 50B may be electrically and mechanically
connected via a conductive bonding material. This makes 1t
possible to increase the bonding strength and electrical
connection rehability between the capacitor C and the
printed substrate 50B.

[0075] Furthermore, as shown in FIG. 14, the printed
substrate 50B may be have conductive layers 72, 74 on the
rear surface side. The conductive layer 72 has the same
shape and the same size as the conductive layer 62, for
example. In a plan view seeing through the base member 51,
the conductive layer 72 1s disposed 1n a position overlapping
the conductive layer 62. Similarly, the conductive layer 74
has the same shape and the same size as the conductive layer
64, for example. In a plan view seeing through the base
member 51, the conductive layer 74 1s disposed 1n a position
overlapping the conductive layer 64. The capacitor C 1s
respectively connected to the conductive layers 72, 74 by
being fitted into the through-hole HS51. This increases the
locations where the capacitor C and the printed substrate
50B are electrically connected as compared to a substrate
without the conductive layers 72, 74. Thus, it 1s possible to
increase the electrical connection reliability between the
capacitor C and the printed substrate 50B.

Other Embodiments

[0076] The present invention was described using the
embodiments and modification examples above, but the
descriptions and drawings forming a part of the disclosure
should not be construed as limiting the present invention.
Various substitute embodiments, examples, and applied
techniques should be clear to a person skilled 1n the art based
on this disclosure.

[0077] For example, in the embodiments above, the first
semiconductor chip Trl and the second semiconductor chip
Tr2 were described as being S1iC-MOSFETs. However, 1n
the embodiments of the present invention, the first semicon-
ductor chip Trl and the second semiconductor chip Tr2 are
not limited to being SIC-MOSFETs. At least one of the first
semiconductor chip Trl and the second semiconductor chip
Tr2 may be an IGBT, for example. In the case of an IGBT,
the drain may instead be read as the collector, and the source
may 1nstead be read as the emaitter.

[0078] In addition, the gate insulating film of the first
semiconductor chip Trl and the second semiconductor chip
Tr2 1s not limited to being a silicon oxide film (S10, film)
and may be a different insulating film. For the gate insulating
film, 1t 1s also possible to use a silicon oxynitride (S10N)
film, a strontium oxide (SrO) film, a silicon mitride (S1;N,)
film, or an aluminum oxide (Al,O;) film. A single-layer
insulating film or a composite film with several layers or the
like can also be used for the gate imnsulating film. A MOSFET
that uses an insulating film other than a S10, film as the gate
insulating film may be called a MIS (metal-insulator-semi-
conductor) FET. A MISFET means a more comprehensive
insulated gate transistor, including a MOS transistor.
[0079] It will be apparent to those skilled 1n the art that
various modifications and variations can be made in the
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present invention without departing from the spirit or scope
of the invention. Thus, it 1s intended that the present inven-
tion cover modifications and variations that come within the
scope of the appended claims and their equivalents. In
particular, 1t 1s explicitly contemplated that any part or whole
of any two or more of the embodiments and their modifi-
cations described above can be combined and regarded
within the scope of the present invention.

What i1s claimed 1s:
1. A semiconductor device, comprising;:
a circuit substrate;

a printed substrate disposed above the circuit substrate so
as to face the circuit substrate;

switching elements attached to the circuit substrate, col-
lectively having a first electrode as a positive-side
clectrode and a second electrode as a negative-side
electrode;

a circuit 1impedance reduction element attached to the
printed substrate;

a first conductive post electrically and mechanically con-
nected to the circuit substrate and the printed substrate;

a second conductive post disposed 1n a position separated
from the first conductive post and electrically and
mechanically connected to the circuit substrate and the
printed substrate;

a first external connection terminal going through the
printed substrate and mechanically connected to the
circuit substrate, and electrically connected to the first
electrode; and

a second external connection terminal going through the
printed substrate and mechanically connected to the
circuit substrate, and electrically connected to the sec-
ond electrode,

wherein the circuit
includes:

a third electrode electrically connected to the first
external connection terminal via the first conductive
post; and

a fourth electrode electrically connected to the second
external connection terminal via the second conduc-
tive post,

wherein a length of a current path between the first
external connection terminal and the third electrode 1s

shorter than a length of a current path between the first
external connection terminal and the first electrode, and

wherein a length of a current path between the second
external connection terminal and the fourth electrode is
shorter than a length of a current path between the
second external connection terminal and the second
electrode.

impedance reduction element

2. The semiconductor device according to claim 1, further
comprising:
a third conductive post electrically and mechanically

connected to the second electrode and the printed
substrate,

wherein the fourth electrode 1s electrically connected to
the third conductive post.

3. The semiconductor device according to claim 1,
wherein the circuit substrate includes:

a first circuit plate; and

a second circuit plate provided 1n a position separated, in
a plan view, from the first circuit plate,
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wherein the first external connection terminal and the first
conductive post are electrically connected via the first
circuit plate, and

wherein the second conductive post and the second exter-
nal connection terminal are electrically connected via
the second circuit plate.

4. The semiconductor device according to claim 1,
wherein the printed substrate comprises:

a first conductive layer electrically and mechanically
connected to the first conductive post; and

a second conductive layer provided in a position sepa-
rated, 1n a plan view, from the first conductive layer and
electrically and mechanically connected to the second
conductive post,

wherein the third electrode 1s electrically and mechani-
cally connected to the first conductive layer, and

wherein the fourth electrode 1s electrically and mechani-
cally connected to the second conductive layer.

5. The semiconductor device according to claim 1, further
comprising:
an 1nsulating resin covering and sealing at least a portion
of the circuit substrate, and covering and sealing the
switching elements, the printed substrate, the circuit
impedance reduction element, the first conductive post,
and the second conductive post,

wherein the first external connection terminal and the
second external connection terminal protrude from the
insulating resin.

6. The semiconductor device according to claim 1,
wherein the switching elements includes:

a first switching element; and

a second switching element connected in series to the first
switching element.

7. The semiconductor device according to claim 6,

wherein the first switching element includes a source
clectrode and a gate electrode on a front surface, and
includes a drain electrode on a rear surface,

wherein the second switching element includes a source
electrode and a gate electrode on a front surface, and
includes a drain electrode on a rear surface,

wherein the source electrode of the first switching element
and the drain electrode of the second switching element
are electrically connected to each other, and

wherein the drain electrode of the first switching element
1s the first electrode, and the source electrode of the
second switching element 1s the second electrode.

8. The semiconductor device according to claim 1,
wherein the circuit impedance reduction element includes a
capacitor.

9. The semiconductor device according to claim 8,
wherein the circuit impedance reduction element further
includes a resistor element connected 1n series to the capaci-
tor.

10. The semiconductor device according to claim 1,
wherein the circuit impedance reduction element 1s disposed
in a vicinity of an outer edge part of the printed substrate.

11. The semiconductor device according to claim 1,

wherein a through-hole to accommodate the circuit
impedance reduction element 1s provided in the printed
substrate, and

wherein the circuit impedance reduction element 1s fitted
in the through-hole.
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12. The semiconductor device according to claim 1,
wherein the first conductive post 1s disposed 1n the printed
substrate, 1n a plan view, between the circuit impedance
reduction element and the first external connection terminal.

13. The semiconductor device according to claim 1,
wherein the second conductive post 1s disposed, 1n a plan
view, between the circuit impedance reduction element and
the second external connection terminal.

14. The semiconductor device according to claim 12,
wherein the second conductive post 1s disposed, 1n a plan
view, between the circuit impedance reduction element and
the second external connection terminal.

15. The semiconductor device according to claim 1,

wherein 1mn a plan view, a pair of the first external
connection terminal and the second external connection
terminal 1s disposed adjacent to and along an elongated
side of the circuit substrate, and 1n the plan view, the
circuit 1mpedance reduction element 1s disposed
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between the pair of the first external connection ele-
ment and the second external connection element, and

wherein another pair of the first external connection

terminal and the second external connection terminal 1s
provided adjacent to and along another elongated side
of the circuit substrate that 1s opposite to said elongated
side 1n the plan view, and another circuit impedance
reduction element 1s provided between said another
pair of the first external connection element and the
second external connection element so that said pair of
the first and second external connection terminals with
said circuit 1mpedance reduction element and said
another pair of the first and second external connection
terminals with said another circuit impedance reduction
clement are arranged 1n a symmetrical manner with
respect to a center line of the circuit substrate that 1s
parallel to said elongated side and said another elon-
gated side of the circuit substrate.
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