ﬁESIN.NDLDED TYPE SEM CONDUCTOR DEVI CE This invention relates to a resin

nol ded type sem conductor device, and nore particularly to a gua@?ﬂ5>ﬁ‘}o
ring structure which is formed on a sem conductor substrate. It hagcbééﬂ_

wel | known for. an insulating filnto be forned on the surface of the

peri pheral edge of a silicon sem conductor substrate (chip) formed wt

or-.nore circuit elenents, and for a conductive 10 guard ring to
~bedi sposed on the insulating filmin a % Aaaner to extend al ong the

- peni_pher al

D
<

&

edge of the semi conductor substrate. Such structure is disclosed

in, for exanple, West German Patent Laid Open Print (O fenlegungsschr'ift)

30 02 740. The guard ring i RESIN MOLDER] TYRE SEMICONDUCTPOR i DR¥IGEON | ayer
i n the-sem conduct or substrate surface on which the 1nsulating tJyIniis

f or ned.

It can al so be used as wiringfor applying the ground potenti al

(reference potentirgll QnvidWSors YPULLLPL €8l hateRin AotlbAYilpel
In order to reduce the manufacturing cost of a discrete sem Cdonductor

device or a seMieendueter idHVIHe] athdinébétpasyichlably $of @dgatrad t
a resin nold package instead of a ceram c package or, gl ass package as a .
seal ifg ‘strusingestouctheedatiich is férmd@ orduceehliconandtopt Bilbdraas.,

10

15

20

It has been well known for an insulating film tol
" be formed on the surface of the peripheral edge of
. a silicon semiconductor substrate (chip) formed with
one or more circuit elements, gnd for é conduétive
guard ringtobedisposed on the insulating film in a
manner to extend alcng the peripheral edge_bf the.
semiconductor substrate. Such strﬁcture is discioged
in, for example, West German Patent Léid bpen Pﬁint

(Offenlegungsschrift) 30 02 740. The guard ring is

0 use

used for preventing an inversion layer in the semiconductor

substrate surface on which the insulating film;is
' : o a . T »
formed. It can also be used as wiriﬂg.for applyiné
" the ground potential (reference potential) or.fower
source potential dfua-cifcuit.. |
In 6rdér to reduce thé manufacturiqg cost of
a discrete semidonductor.device or.a semiconductor
integrated circuit device, it is requested to use’
a resin mold package'insteéd of a csramic package

or glass package as a sealing structure for the device.
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'accordlngly, sem conduct or substratéshaving the aforecited guard ring

;;e are al so requested to be sealed in the- resin nold package. The
s' experinents and researches, however, have reveal ed that where a
duct or substrate having the guard ring structure is nmolded with a
resi.n By the wel [ -known transfer &wotd technique, high stresses ascri babl e o
to the nolding resin act especiall on the four corners of a rectangular &\.;
seni €Bndredyeesthe: maput ﬁﬁﬂaﬁﬁ %% ng in cracks |n a ‘passivation film

whi ch Llbs th d by d th |
sern E6RERELTE Efbit ?Sﬁséerr%%?grﬁétwe"% TS T

corners he™crac glve rise to

ror SEGFERheR WIRE T B, asrEbrbPS. 380 A RRBRNET L e o, "y oy

g:‘rg St ae\?legg%dg]\éergyﬁé %ééfﬂ'ﬁéwhhgagﬁ%%em on a large-scal e integrated

own Tn Figure In a chip 100 in Figures 1

and 2,  SepheOnlfdd ord ef@ﬂsnf-eﬂbﬁ'ﬁ% 2neonelgdirtdHgs AChbwevERYI ONS are
forned in“one major surface of a silicon sem conductor-substrate 1. On an

| NSubalkNGeliclaed REL Y whdrien @ %&ﬁ:?&ﬁhé\ici&e peripheral edge of the
substrate, wiring 4 and bonding pads 5 which.5 - are made of an

a'U”sﬁﬁghrhh%l&M&iﬂgrmﬁhquaﬁderSngr@mmwature\msrme&@mard ring 6 for
preventing an inversion |ayer.
"with a resin by the well-known transfer mold technlque, high
stresses ascrlbable to the moldlng resin act esneclally
on the four corners of arectangular semlconductor
substrate (chlp), resultin 1g in cracks in a oasslvatlon
film which over’ies the guard ring at the corners
of the chlp and the semlcorouctor substrate near the -
corners. The cracks glve rlse to non-conformlnv samples
of the semlconductor device, or form 2 cause for degradation
in the characterlstlcs of the senﬁconduntor device. .
- By way of example, the inventors studled the problem
on a large-scale 1ntegrated circuit device (LSI) shown
in Figures 1 and 2. Ina chip 100 in Figures 1.anu .
2, semiconducfnr.element regiohs 2 constructing active
regions are formed in:one.major surfece of a silicon’
semiconductor substrate 1}_ On an insulsting film
3 overlying the surface of the peripheral edze of
the substrate,.wiring_4 and £ bonding pads5 which

sre made of an aluminum film zre fo‘“ed and sre surrounded



Thg guard ring 6 is connected to the substrate 1 (ground line). A L
passi vation film (finmal passivation filn) 7 of phosphosilicate glass (PSG
or silicon nitride 5 is formed on the surface of the chip in a nanner?
to expose the pad portions 5. It has been reveal ed that, where the chip’
is molded with a resin, high stresses attLiﬁuLgd to the nol ding resin ac{/A
-gspecially on the four corners of the peripHeral edge*10 of the chip,

so the passivation film7 cracks on and around the gquard ring _6. The
seqi conduct o 18y e UG ds RN 1§ LEPTIr BT RS S hBFePed V6T 10N layer.

noi St ure-resi stance test, in high-te rature. and high-hymdity- :

at mosphere. TR8 guagd,ming ré %??W%ggis to ;"'ﬁﬁs Sblégﬁrﬁg'\?egﬁ e(ér‘m%en
.using a PSG, osphor us ..oxide- cont ai ni silicate dl.ass)..;filynas the
inte?-layer ?%gglatr HﬁqﬁﬁWﬁﬁﬁﬁguﬁﬁg?l5ggnﬁhep§Fﬁﬁf_&hqgrTﬁ%jﬁLDLsture

i nvades the gdeyi.ce,thr t:he ' a red_j:n f:he fina

passi vation ?iPﬁy??ﬁ&égﬁg%%ﬂ)%)%gg#%s§gt?EGatég Eggﬁgf nfﬁ?ﬁha es out and
Coni s Leqg! tBLAE Wil L WERNED Dok bl PRIEL! kR aThErEAN A% on of the

al um nam wi ri he active region of the“chip,resulting in

t he occurrenge, gt .2+8ef eGld | $p© | t hepCh ben re ! i, of the
&% 855 t8e ?:%tedr éf(%r"’lf‘iénﬁ 2tCRhhR Bken revdddleddaiaaN |

characteristics As the result of experinents and
- researches, where the chip 100 is molded with a resin,

high stresses attribufed to the molding resin act
especially on fhé four corners of the verigheral edge

10 of the chip, -so the passivation film 7 cracks on and
around the guard ring 6. | |

The semiconﬁhctof device of sucﬁ structure was

subjected to a mdisture-resistance test in a high-temperature -
and high-hHumidity atméspheée. As e result, the following

15 hes been revealed. When " usinz a PSG (phosphorus

| ﬂoxide-containing silicate glass) film as the inter-layer
insulating film which underlies thé-aluminum wiring, moisturs
ﬁ;vaﬁés the device through-the cracks which have-appearéé
in the final passivaﬁion.film. Tﬁus, phosphorus in |

20 the PSG film liquates out and corrodes the aluminum
Qiring overifing this PSG fiim. The corrosion of
the_aluminUm wiring reaches the active region of the
chip, -resulting in : the occurrence of a defective
unit of the chip or degradation. of the chgracteristics

25 thereof,
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the inventors have found out that such defects as cracks in the passivation
frexi stent on and around the guard ring at the corner parts of the chip

as i bed before relate to the width of the guard ring. The reason

t he is considered as follows. Wen the chip is nolded with the resin

by ransfer nold technique, the tenperature of the nolding resin

mat € Iwmm'HomalnghtamMQUMetothenmmm tammauue'm when

the finished sem conductor product in the resin nold package is operated,

the chip generates heat, so that the corner parts of thp..chip undergo highy

stresses on account of t he expansi on and shrinkage of the nolding resin.
The streésses displace or expand and shrink the guard ring of aluni num Due
to the displacenentsof the alum numguard . ring, the cracks appear inthe

‘final passivation filmor the passivation filmunderlying the guard ring

which is difficult to displace. . It is accordingly considered that, in
order to reduce the stresses which the al um num guard ring at the corner
parts exerts on the passivation filns nearby, the width of the guard ring

at the chip corner parts nay be nade snmall. The present invention has been -
- made Wity N0fige Spo a1 kAN Alpdrinter 0 2anandopeaytdes, @ sem conduct or

devi ce haV|ng ri ng- shape nductor filmwhich is
the inventors hsve found out that such defects.as

cracks in the passivation film existent on and around
the guard ring at the corner parts of the chip as
described bePore relate to the width of the guard

ring. The reason therefor is connldered as follows.
Yhen the chip is molded with the resin by the transfsr
mold techrlque, the temperature of the molding r°51n
material lowers from a high temperature to the normal
temperature, or when the finished semiconductor product
in the resin mold package ie operated, the chip generates
heat, so that the corner perts of'thetchib undergo

”high stresses oﬁgaccouﬁt of the exﬁansign aﬁe shrinkage’a
" of the moldin ng resin. The streeses displace or expand

- and shrink the guard ring of aluminum. Due to the
displacements of the aluminum guarﬁ ring, the cracks
appear.in'the final passivatioﬁ film or the passivation

" £ilm underlying the guard ring which is diffieult'to

._displece. - It‘is.ac¢ordingly considered that,

in order to reduce the stresses which the aluminum



formed on an insulating filmon a major surface of a sem conduct or

substrate in a manner to extend along a peripheral part of the major

surface, and a sealing 10 nenber of a resin nolded around the

sem conductor substrate; wherein said conductor filmincludes nmeans

| east one corner portion which reduces«tfe-effective.width of the fil

iLQat corner portion. Fbreunder this i nvention will be described 15

reference- to t ag&g&§ 4? ey éﬁ%ﬁ%gl ¥bgm1of a
2m .conduct or devic ng a prlor ar Sﬂgr rrng contigurati on as was

us in the exppaaaﬁﬁaé;ﬂoneida-mmmbx.mfm Wil onf tie guard rigggure 2

s a sectional yiephaf hﬁ oY 14 widadi spdf1 ] taken al ong
line Il - Il indicated In F|gure 1 F| ur e 3 IS .a sectlona V|eM/shomnng
the. finished body of Thes@ressmty . hag Rk Rade withonokes

_inventiang Fi guukdnbr &hfirsag.m arandnlmvim sdlos\?mcémuebo? of Ithe
S e o ORAvizerhg I3 Fira Mt |G iee A Rl 1Bl VoY
sem conduct or dformedoanawrimﬂ;Mdmg aidm dn ree mdjor \Gurfdceadbfd :

a semiconductor substrate in a manner to extend along
' a peripheral part of the major surface, and a sealing
10 ‘member of a resin molded around the semiccnductor
substrate; wherein said conductor film includes means
in at least one corner portion which reduces the’
effective width of the film at that corner portion.
Hereunder, this invention will be described
15 with reference. to the drawings, wherein:- -
Figure 1 is a plan view of a semiconductor
device having a prior-art guard ring configuration as
was used in the experimental researches of this

invention,

20 Figure 2 is a sectional view of the semiconductor
device of Figure 1 taken along line I - II indicated
in Figure 1; |

Figure 3 is a sectional view showing the .
finished body of a semiconductor device according
25 to this invention; :
Figure &4 is a Iragmentary plan view showing _
the chip of the semiconductor device of Figure 33
) Figure 5 is an enlarged partial plan view
of the chip shown in Figure &;



in Figure 5; Figure 7 is a graph showi ng the distribution 5 of

stresses which arise in the chip plane due to the molding resin; Figure 8

;y_;.aph showi ng the rel ati onshi ps between the width of an alun1nun1guard
"féqd cracks which appear at the corner parts of a passivation film 10

" Figuie.| is a schematic plan vi-evo showi ng the shape of a guard r|ng at- a

- showi ng th%.figig#,%t ié);is{né)s b@%{\gﬁglt_ B8 W U t¥e Hetld d%ct hé ard ring and

20

25

the 5 ure Ip-corners, in semcon V|ces

enbo t BigS p okt HUERohd Nind SN G Atk #deW Showi ng the
shapeaﬁyggegug(ﬁ% ng a ? aacornero é |nn order to ex fla&lkn t he graph_of

Fi gurenl@jodfe 53 Figure 12 is a graph show ng the rel atj onshi ps

bet ween fh shape of a guard ring:and the failure rate of chip corners, in

senm conducCtguseV i ess agcgsgpngshawghgemmnmgﬂmm@;mqt hi s invention; and -

Figures 13A - 13D are schematic plan views show ng 25 vari ous shapes

of guard r|bgsstbasxeuwwmﬁwhsarmserdarthetghfpxyxgﬂet@ﬁegraph of Figure
12. Figures 3 - 6 are views for explalnlng a preferred

to the molding resin, |
¥Yigure 8 is a-graph Showing the.relationships
'.between the width of an aluminum guard ring and cracks -
which appear'éf.the corner'pérts of a'passivation.fiim;

Fﬁgure.Q is a schematic plan view showing the
shape of a guard fing at a corner part in order to
explain the graph of Figure 8'

~ Figure 10 is a graph show1ng the relatlonshlps
' between the width of a slit in a gusrd ring and the
failure rate of ‘chip corners, in semiconductor devices
;embodying'this invention; .

Figure 1ﬁ is a séhematic plan view showing the
shape of a guard ring at a corner part in orde" to'
exp‘aln the graph of Figure 10;

‘_gure 12 1s a granh snow1ng the relatloﬂsh1ﬂs
between the shape of_a guard ring and the fallure
rate of chip corners, in semiconductor devices eccording
to other embodlmonts of this invention; ahd

Figures 134 -~ 13D are schematic plan views showirig

various shapes of guard rings at corner perts in order

<o

part in order to explain the graph of Figure 8; Flgure 10 is a graph,;;
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enbodi ment of this invention. Figure 3 shows a sem conductor 5 devi ce

I ncluding a resin nold package as is fabricated in accordance with this
invention. I'n the figure, nuneral 8 designates a sealing nenber of a resin
formed by the well-known transfer nold technique. ' The resinous seali ng
menber 8 seals a rectangularsilicon chip 101, 10 a. netallic lead 9 f
‘Raving a holding portion to which the ehifp=101 is fastened, parts of a v
~plurality of netallic external |eads 10, and connector wires 11 . -

el geprical | ypsogpasTa A bReWgPaphh o fCIRiEukes: g t he respective externa

| eads- 10. 15 Figure 4 shows a plan view of the chip 101. The
-chip 101 is made of a sem conductor substrate of single-crystal silicon
in which active regions of circuit el enments such as source regi ons and
drain regi ons ar eFiganed By-t heawel vilenavfimmrplyinifngusi pneferchedque.
This 20 enbodi ment il lustrates the case of - a M IC (Metal -Oxide-
Seni conduct cembedinent eaf Cthisi dpvamdden ogiBigureudt shevaser aerdgcndupbsr
FETs are formed in the_shape of an integrated circuit., Tn Figure 4,
nuner 8 12 daviggicbrchugiBeder ragisr maddhinaskade &m is febPreaasadan

i nsul ati-ng 25 ~ filmon th% sibkcon seniqpnductfr-subs rate. The guard
ring 12 i s USbPGROTIARESeFithn thisy Vet ifRr d 17 nBR® of L8WEB.KI ng t he

formati on of an iqfeéséoh.laggr i n the1&urface of the silicon ?enicgnduétor
substrate pumera esignétes a sealing member of a resin forme -

by the well-known transfer mold technique. ‘The resinous
sealing member 8 seals a rectanguiarsiiicon_chip 101,

10 2 metallic lead 9 having a2 holding portibh to which |
the chip 101 is fastened, parts of a plurality of
metallic external lesds 10, and connector wires 11
electridaily.connected between the chip 101 and the
respective external 1egds-10. |

5 |, . Figure 4 shows a plsn view of the chip 101. The
-chip 101_15 mﬁde of a semiconductor sﬁbstrate of singlé-crﬁstal
silicon, in which active regibns of circuit elements
such as source regions and'drain regions ére formed
by the well-known impurity diffusion.fechniqué. This

20 mbodiment illustrates the case of a MOS IC (Metal-Oxide-
Semiconductor'Integrated Circuit) where logic circuits
constructed of M08 FETs sre formed in the shave of
an integrated ciréuit. In.Figure 4, numeral 12 designetes
2 guerd ring of éluminum'whiéh.is formed on an insulating

25 £ilm on the silicon semiconductor substrate. The guard
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" for

and s al so used as ground wiring for the logic circuits.

The out si de

termdnating part of the guard ring 12 is electrically connected with the

- passppat ésickihg
exposi ng the bondi ng areas of the bondi ng pads 14.

-sem conductor substrate. The four corner parts of the guard ring
espectively formed with L-shaped slits 13 in accordance with this
pn. The slits 13 will be «li@cessed in detail later. Bonding pads 14
Roridi ng the wire connectors 11 (Figure 3) are forned al ong the Lnner

si dgsi 0f {Heiguakddr iadd ek inWird 1S dhefEhendel LRRXING kgsPect i ve bonding
~pads 14°to the active regions.' The Wirings 15 are covered with a final

£6e rORmftitl PRSEh VEhveRsibhmigeRrasnopeni ngs for
The. connector wires 11

s

o/

ar e o neek£alcé oofhenkordilie vt essmi dogdiiesob snbsGrate,an enl arged parti al

t he

chip 101 includes a thick silicon-oxide ([err]) film (field insulating

fil fheoutsidei ternimating @arthepdritkergueedoringe12ilicon sem conduct or
substrate 17, and a thin silicon-oxide

regllcmseIQﬁ—WhgaN\E connegitie e veiignt the Thblieennsgmd condusiterng a t hi ck

oxi

de filmon selected parts of a single silicon sem gonductor
substrate. The four corner parts of the guard rlng

12 are respectively formed-w1th L—shgped slits 13

in accordance with this invention. The slits 13 will
be discussgd in detaii_later;__Bonding pads 14 for
bonding the wire-connectdré 11 (Figuﬁe 3) are fofmed

along the inner 31des of the guard rlng 12. Ulrlngs

.15 extend from the respectlve bonding pads 14 to the

active regions. The wirings 15 are covered with a
final passivation film 16. The final passivation
ilm 16 has openlngs for exn031ng the bonding areaé

4

of the bondlng pads 14. The connector wires 11 are
connected to the bondlng areas. o

Figures 5 and 6 are an enlarced partial nlan
view of the . ch*p 1C shown in Figure 4 and a correspondlng _
sectlonal view, respectiv ely. As apparent from the |
sectional view of Figure 6, the chip 101 includes-
a thick silicon-oxide (Si0,) film (field insulating
film) 18 which is formed in one me jor surface of the

silicon semiconductor substrate 17, and s thin silicon-oxide

Jplan view of the -chip 101 -shown in Figure 4 and a corresponding sectional
Vi ewnd ebpeslsoechgedAasagranerd Wiming hBosetheodagiei edrefuifisgure 6,

[err]) film 19 which covers the



‘substrate except regions to formelenments is well 5 known from for

exanpl e, "Philips Research Reports, Vol. 26, No. 3, pp. 157-165, Juneg k
A971". The enbodinment is the MOS IC of the so-called LOCOS (Local :
Oxi dation of Silicon) type described in this literature. The thin .oxide>=*%.

“film19 formed on the el ement regions 10 . is used as the gate oxide

JfEilns of the MOS FETs constituting the M) I'C.. Al though not shown in the’

" drawi ngs, gate el ectrodes of polycrystalline silicon are formed directly on

parts of théSifpn Skilme 19 Whikh corerdythe regirnacfNrBiAETShes
phosphosi | i cate gl ass (PSG (phosphorus 15 oxi de-contai ning silicate
gl ass) fil nedpcpits glpmgntisy o Thehrachitw® opft ReTIingcantPack el ectrodes
and those parts of .the field oxide film18 and {he_thin_oxide film 19 on

whi ch the sPXi€8nfyieon && R EHtOF of nBHNEFRSPEECPN $ePd COTPREL oFs
‘a getter 20 for inmpurities such as sodiumions,entering.fromthe
exterior, aﬁﬁb§§rﬂg8e§§§ﬁPqﬂﬁegﬁﬁﬁﬁI?%iﬁﬁm?hgiﬁ?EEPFiEﬁl"@g&racteristics
O A SRR eb5, Mo Uk L8 ksl e oo conduct o
L2 o0 el M 15 S DML e 1RO
al um num i S RbAEHeAR is the MOS IC of the so-called LOCOS (Local
| Oxidation of Silicon) type described in this literature.
The thin oxide film 19 formed on the element regions
10 is used as the gate oxide films of the M0S FETs constituting
the M0S IC.. Although not shown in the drawings, gate
electrodes of polyerystalline silicon are formed directiy
on parts of_the'thin'oxide film_19, thereby tb form
the MOS FETs. A phosphosilicate glass (PSG) (phosphorus
15 oxide-containing silicate glass) film 20 is formed |
in a manner to cover the siiicon-gate eleétrodes and
-those parts of the field oxide film 18 and the thin
oxide £3ilm 19 on which the silicon gate electrodes
are not formed. The ‘P3G film 20 serves as a getter
20 for impurities sﬁch as-sodium ions entering from ‘the
.exterior, and is necéssary for stebilizing the electrical
cheracteristics of the surface of the silicon semiconcductor
substrate of the semiconductor device. Oh the PSG

£ilm 20, there sre formed the foregoing guard ring

25 12, bonding rads 14 and wirings 15 2ll of which are



.the entire surface of the chip by the well-known evaporation techni que and

Lo

15

20

thag=he filmis patterned by the etching 5 technique . The al um num
Wi r W5 lie in ohmc contact with sem conductor regions 22 being sone of
t he .

Nt regions, via through;hgles 21 formed in the PSG fitm20 and the”
_ m 19. The al um num guar 0rl‘ng. 12 lies in ohmc contact wWith the
si'licon sem conductor LO substrate 17 at its outer termnating part ;;;

23.  Thus, 1t i al h drid 2 i L.d i,cal t h f=~

the <Ml A% i isme, Shasth s ite 90T erdoRBEY FOFRRYI ¢ cspecial 1y
d th d |y f th ' Wt Vst he. ohm t t 23 f

157 30 SinP Oy op Edgm i i 10 EHErE8 08" Pgure 3. waren

' L0 | Q. : foy . 17.

|5 cotaRCed i E-FLR0 R Bhes WHAOHLI oIS SPILENANC) gL SHDBL A ©

I n the Cornier “par he™ guard T orrespo rﬁg‘ orners of the

chip, 4 heli-3NARG Sthif tRedk91 rifse_cz;zéqme?@b thd hsf%ﬂiggrs and

centrally of*--the- guard ring. e fina pass1vé¥ion fi I's made Up of

one | quehrRichfaes *ﬂ?@&iﬁmne.msui&fie{gtsw e11d &fr ldnhi b MebRegee by the

wel | - known D (Chem cal Vapor Deposition) process'or a silicon nitride
film tapmeddm dditivetbr kpedhods 22 bdilrs Fonyd WL SEhd N8l &hehel ow, sinply

termed the "P_-sinN filnl), - 11- or a nultilayer structure.consisting
of  atregionst, -twin through-holes 21 formed in the PSG film
ZO.and.thé SiO2 film 19. The aluminum guard ring -

12 lies in ohmic.cohtact with the silicon semiconductor
substrate 17 at its outer terminating part 23. Thus,
the potential of the guard riﬁg 12 is made identical

to that of thé substrate 17.. Since, in the embodiment,
the guard ring is especially used as the ground line

of the cifcuitry,'the ohmic contact part 23 fofms

a Eurrent path for supplying current éo the lead é
.(Figﬁre 3) whiéh is connected to the rear ma jor surface
of the semiconducﬁor substrate 17. In the corner

parts of the guard ring corresponding to the'corneré

of the chip, the L-shaped slits 13 are formed along

the corners and centrally'of"the-guard ring. The

final passivation-film 16.is mede up of one layer.
‘eitherof PSG film, a silicon oxide (£10,) film formed

by the well-known CVD (Chemical Vaspor Deposition) proceés o
or & silicon nitride film.formed by the well-known ° |

plasma process (hereinbelow, simply termed the "P-SiN film"),



of the filns. Exanples of the present enbodi ment adopted for the final

passi vation the two sorts of a two-layer structure which. consisted of a PSG
fglmb5 ~as a first layer (lower layer) and a P-Sin |ayer forned

t hereon, and a three-layer structure which consisted of a PSG film as a
first layer, a P-SiNfilmas an intermediate layer and a PSGfilmas a
third layer. In the exanples, the size of fqe’chip was 4.7 nmx 4.7 mm.
. The width of the guard ring was set at 100 [err] or greater in order to
- prevent the ama easktblayére sbsustameeumhsﬂstxngnnﬁunmfléautthOe W ring,
while the width of the slit was set at "approximately 10 [err] in order to
prevent the dihditemskibfist heExewpieanod dhet paepentt efpodimentng at the -
corner part. According to such structure,, the.guard ring is Drovided with.
the slits, @fpufeadefor hbh%cﬁwabnpesgflvlﬂtém d‘gws twe tﬂef‘fb%\s%f vation film
can be prevented for the foll ow ng reason. Re arglng the fact
that the gud cF‘TQﬁgﬂWtﬁ‘ér‘ﬁ@FV-Bﬁe?‘HPCbaPtOn@P strst rashian- E&f?

sem conduct or [ uses the,cracks_etc. ,of the passi i on f|In1 tresses
tend 20 con@e“nﬁ aftp’é'ffa’h %%e’édéimd?rt I]réyt?ﬁ‘)p%?@rea t%éf’%’??eﬂe%%t%‘?r"v reof as
fgg;M;nlgEI er %'# 5 e7drb215ar'd 8, ee-i‘a | nttrrtlz%t%%ren%:rhslc% cons:.sted

of a PSG film as a first layer, e P-SlN film as an

intermediate layer and a PSG film as a third layer.
In the examples, the size of the chip was 4.7 mm x 4.7 mm.
10 The width of the guard ring-wae_set'at.100 jm or greater
in order to prevent the increase of the resistance
of the aluminum film as the wiring, whiie the width
of the slit was set a? approximately 10 Fm in order
to prevent the increase of-the resistance of the guard
15 ring at the corner part.'
. According to such structure, the guard ring is.
orov1ded wvth the slits, and hence, the occurrencé
of the cracks in the n3581vat10n £ilm can be prevented
_ for the following reason.
20 o Regaﬂdlng the fact that the guard ring on the.
peripheral part of the resin-molded semiconductor
chip cesuses the cracks ete. of the paseivation film,
stresses tend.to coﬁcentrate in the edge of the chip
more than the center thered¢f as shown in Figure 7,

25 | especiaily in the corners of the rectangularchip. O0n



the other hand, it has been experinentally confirmed that the tendency is

nmog-a=L emar kabl e as the width of the alumnumfilmof the guard ring is

gr k. It has also been confirmed by various experinments that when the

sl N e forned at the corner parts of the guard:.ring, the effective width
of 8/guar-d ring decreases by the width of the slits, whereby tHe stresses

-at t

Ye“/corner parts are reduced, with the result that the cause for the
‘occurrence of the cracks is elim=ndtZe Wth the structure described above,
agRe’ SvhHy hdr®, dithascbeshs expdritned tul e Gnieifmedng. at the corner
parts to be induced by the nolding resin are reduced owng to the slits,
aBHatth & hee ety Pl 8 cRordepemadkablie eaerthdiwhdthr esses on the.
passivation films lying in contact with the alum numfilmand being |ess

-

&

dofphtaecchlumdimunhefitah abf Ther ghard xtimg pkssgredten.filns are not cr acked._

In order to facilitate understanding of the effect of this invention, the
rEtahasn=dige heen gonfiirnedebyf vaadousrexperinertsr acks of the

passivation filmand the width L of the guard ring was experinentally found

byhakpmbem FhenB8khtpcane fazmedi gt dhe RArMETY i PREBS al uni num as shown in

Fiqure 9. Fiqure 8 illustrates this relationship, in which the percentage
oPIsthe erarsl i TipgndErgonifentiveamidth afikthe guatrd ning décreases

by the width of the slits, whereby the stresses at the
'csrner parts are reduced, with the result'that the
cause for the décurrence of the cracks is eliminated._.
With the siructure described.above, accordingly,
the displacements of the aluminum guard ring at the.
corner parts to be induced by the molding resin are
reduced owing to the slits, and the reduced displace-
"ments do not exert high stresses on the passivation films
lying in contact with the aluminum film and being less.
displaced than the metal. Thereforea'the passivation
films are not crackeé; |
In order to facilitate understanding of the effécf_
| of this invention, the relationship between the rate
of occurrence of the cracks of the passivation film
and the width L of'the guard ring was experimentally
found by employing the shapé of the prior;art'gdard

ring of aluminum as shown in Figure 9. Figure 8 illustratés-_

this relationship,lin which the percentage of saﬁples

having undergone the cracks is taken on the axis of

>t
PRCe .



13- ordinates as the failure rate of chip corners and the width L (Figure
9) of the guard ring is taken on the axi's of abscissas; In this case~tfe -
chip size was 4.7 x 4.7 [err].  As the final passivation 5 fil
two sorts of the three-layer structure of PSGE P-Si N PSG and the t
structure of P-Si N PSG were used. Thp.ﬁitpknesses of the passivati¥
were PSG P-SINPSG = 0.85[err]/1.1 [err]70.2 [err]Jand P-SINPSG = 1.1
TERR] /0.2 [ERR]. As tenperature cycles, a tenperature 10 - change of -
from [ ERR] versdirepesd eds 26hei fesluTeusa teheStatuigs esermrshandcur on
expansi on. and shrinkage of the resin package.owng to t enper at ure
changes wer gheotidtiat bd(Figppet 80 ©f tthe ehigrdaring sis |tel®Qure 8, a
curve A corresponds to the passivation 15 ~~ filmof P-SINPSG while a
curve B the qastheaaxbs of| absripsasp- Sl wods Aasmdeiae P rom FigUre 8,
the failure rate. is smaller as the width L of the guard ring is smal |l er.
That is, th&iag daesttd BeleleMed f AFmie fid@hRassrationgey)jng
menber-on the chip are higher as the wdth of the guard ri i s greater

B guBe 10 | FHRRae | FuSt aFEAq ot dea e AT pebein e of

ing porti o Se/ bR Ro a8a §Pe KT TERIEERI I (-SSR0 o

were used. The.thicknesses of the passivation films

were PSG/P-SiN/PSG = 0.85 pm/1.1 ;;r_n/o.z pm and P-SiN/PSG
_ = 1.1 pm/O.Z pr. As.temperaﬁure c&cles,'a temperature
10 change'of.from ~55 °c to %150 OC was repeated 20 times.
| Thus, the stres ses- which occur on expansion and f"#hrinkage-
of the resin package ‘owing to temperature changes
were accéleratedly-applied'to the chip corners. 1In
Figure 8, a §urve A cofrespond; to the'péssivatiOn
15 £ilm of P-SiX/PSG, while a curve B the passivation.
film of PSG/P-SiN/PSG. .
. As ﬁnderstood_from Figurs-s,'the<£ailure rate.
is smalier as the width L of the guard ring is smaller.
That is, the streéses to be exerted from the resinous
20 sesling member -on’ the chip are higher as the width
of the gﬁard ring is.greatér.
Figure iO is a graph illustrating the fact that
the percentége of occurrence of the cracks of the

assivetion film corresponding to the guard ring portion

I‘j

25

Jte

n the case of forming the L-shaped slits sccording to



~ -145 this inventionin the corner. parts of the guard ring as shown in Fi gURe
11 ‘¢epspds upon the width Wof the slits. AS the passivation films in this

. cas*ﬁE}curve A corresponds to the two-layer filmof P-SiNPSG =1.1
[ERRNO/2 [ERR], and a curve B the three-layer filmof PSGEP-Si NPSG = 0.85

[ERR]/1.1 [ERR]/0.2 pm As undeggtood fromFigure 10, the failure rate of

¥

chip corners |owers remarkably at slit wdths of 20[ERR]- 40 [ERR]. The ;i;
congiitd aisvaitiHe. SAI Bhel 2rdd: Wi dLIPerphalr Susyg! #8ngn this case were ™
the sane as in the case illustratedin Figure 8. FiguresS -13A - 13D show -

Furddhasn AP oth NPg P&t 1t1h'ki%fi_e&h\&¥1tdp3h thdhikathewfbgures schematical ly
Il lustrate various shapes. of. the corner part of- the al um:num guard ring

16GHERAivd de A8 bheepheeitetiion deMinee,in hkhieneasépg construction of the
sem conductor device is the sane as explained with reference to Figures 3 -
6. allmrendatli exrre shondsi toFitiner eswk8A ayer eBjbmdstt B-8iNABEGwher e one i
elongate slit is forned so that its length L fromthe corner of the guard
ri rg ety poe/ @62 LERRENdFagene vESE itheustheaeslayeasBiere three short
slits 13a, 13b and 13c are juxtaposed to one another. Figure 13c ' !
i | lofs G/ Si BAREC whePe 85nim/ fodudi/ hal g 25 48 cundenstaotin the |-letter -

shape 24. This enbodi ment _i s nore advantageous than the case of formng
rom Figure 10, the failure rate of chip corners lowers

" remarkably gt slit widths.of ZO-Pm - 40_Fm,'-The conditions : -
of the chip size and the temperature cycles in this |
case were the.samé'aé in the case illustrated in Figure 8.

Eigures 13A - 13D show further embodiments of
this inveﬁtion.  While the figures schematically.illustrate
various shapes éf_the corner part ‘of the alumiﬁum_ |
éuard ring 160 rmlwide in a semiconductor devide,
the remaining construction of the.semiconquctor éevice
'is the same as explained:with_refgrence to Figures 3 -.6.
The embodiment shown in Figure 13A corresponds
tgla case where 6ne.e16ngate_slit.is'formed so thet
its length L from the corner of the .guard ring may
be 260 pm. | | o
Figure 13B illustrates a.case where three sbort”
glits 133;_13b and 1%c¢ are juxtéposed to one snother.
Figure 13c¢ illustrates a case where smell sguare

holes 25 are grrayed in the IT-letter shepe 24. This

-

‘embodiment is more advantageous than the case of forming



-15- the L-shaped slit in that the increase of the resistance at the corne%??
part of the guard ring can be prevented. Figure 13D illustrates a case \
where small holes 25 are arrayed into three L-shaped rows 24a, 24b and 5 v
24c. The size of the hole 25 in this case is made, for exanple, 10 pm
square. As to the enbodi nents of Figures 13A - 13D, the rates of occurrence
of~ the cracks of the final passivation ksl @s at the corner parts were
studied. The results 10 are shown in Figure 12. The sem conduct or
pell ets in grd sLeglsgos@r §14t71in 4hatmtiwgiaroresysl éhethenpesbstarceycl es
were tenperature changes of fromf[err] to [err] repeated 20 tines. Likew se
to the casatftie georndd, phht péstheaguard iting veare wé prevenbedayer. 15
structure of P-Si N PSG and the three-layer-structure of PSG P-Si N PSG In
Figure 12, mar ksFigume r ¢3Pohdilustradesasesase otpinyisnplherptesi vati on
filmse of P-SiN.PSG and marks A the case of enploying the passivation
filns of PRY RS NFEStye@ointo threepdshemest qurs i rigtPean®, the
failure rates of the chip corners can be |lowered by forming the slits or
the Pows of24the HBressize afphhenholeodd HE fdHeyFate ehbdifid®nt s,. neans
for reducing the effective width of 25  the guard ring at the corner
part, such fZert¢wample, 10 pm square. |

As to the embodiments of Figures 134 - 13D, the
" pates of occurrence of the cracks of the final passivation
films at the corner parts were studisd. The results
10 are shown in'Figure'12; The semiconductor pellets
in this case were.4.7.x 4.7 mm'square, and-the temperature_
cycles were temperature-éhanges of from —5%5 °C'to
+156 OC repeated 20 times. ~Likewise to the case of
Figﬁre 10, the passivation films were of the two-laver .
15 _structure of P-SiN/PSG snd the three-lsyer structure
' of PSG/P-SiN/PSG. In Figure 12, marks O correspond
to the cases of empiqying the passivation films of
P-Sil/fSG, ané-marks A tﬁe case of employiné the passivatibn
films of PSG/P-SiN/PSG. |
20 . As urderstood from Figure 12, the failure rates
of the'éﬁip cornérs can be lowered by forming the
slits Or the rowé of the holes. |
As apparent from the foregoing embédiments,
 means for reducing the.éffective width of

25 the guerd ring st the corner part, such as the slit



Ug;[pr. the row of the hdles, is added t'o the corner part of the guard
AT . . .o h .
700 Thus, the stress which the nolding resin exerts on the passivation

p adj oi ning the guard ring at the corner Dart can be reduced, so that
the passivation filnms can be prevented fromcracking. This invention is not
restricted to only the foregoing epbodi nents. By way of exanple, the
construction and shape of the pas%ﬁvation filmto be formed on the guard :

ring of alum num can_be_properly nodified. The shape of the guard ring T

L

'ipsePf~i§h%oﬁ@FiH@stﬁﬁdpﬂLﬁfxi rﬁﬁ¢@FuBBntFﬁeF8F 8Kg@%EH of the internal
an PRICHRBoEERES, BLPR wh B 1% EAT9SAoERLen Bet HELdPEate of the guard
S BSL S SRl oL A T Bk L SLR0y 9o " i el of e
guard# g, ! ! ) Fafther, this
| DVS8 b BEChES stk N e TLALAAR, 58 BhaCS uen 000
R e b LN TR
plastics fRi degnt¥Aeibal 5 not restricted to only the
-fofegoing embodiments. By way of example, the construction
and shape of the passivation film to be formed on |
the guard riﬁg.offaluminum_can be properly modified.
The shape of the_gﬁard ring itself is sometimes_modified
depending[upon the arrangement of the internal circuits
or the bonding pads.' The resinous sealing membex
may well include an undercoating resin which is directly
applied on the surface of the gusrd ring portion. While
aluminun has been referred to ass the materigl of the
gusrd ring, a.differept metal film may well be used. .
. Further, this invention is effective for enhancing
'thé moisture resis?an&e when apélieé‘tolsémiconduCEor
devices which have a gusrd ring and which employ a
passivation film lying Im contact with Wirings.and_
containing a high concentration of phdsphofus, especiaily
semiconductor devices such es plastics molded type

I1S1s.



CLAI MS: 1. A seni conduct or device having a ring-shaped conductor filmf A\ -
‘which is formed on an insulating filmon a nmajor rconduc CD
substrate 5 in a manner to extend along a peripher j or

surface, and a seal | ng menber of a resin nol ded arlmmﬂﬂm!mle!mmlmuct or.

" substrate; wherein said conductor film-= f udes means d ntat Kl east* one '
.corner portion which reduces the effective width of the film 10 at that
“cor ner porti onCLAIMS: A seni conductor device according to claim| wherein
sai d width reducing -neans conprises at |least one slit or an array of holes
arranged to suﬂstantmmaqmiconduetnrede%ieevbaviuzhatntnsushapedat | east .
one 15 corner of said sem conductor substrate, " A sem conduct or device
accordi ng to clconéue %eﬁéﬁﬂh wiaich cﬁmdmmn@si@ﬁﬂﬁ$énﬁ th a film of

phosphosi | i cate, gl ass. 4. A seni condugt or de i ce according to claim?2 or
20 -claim3, wh QRm%iﬂﬁjqr rg .assem °99§Bﬁ£96n§HgF$FaG§V|ce

ahape of “a et dét A neginer Yg' g %“r@iﬁé‘%éaéﬁvé‘%’ Phiefal BAEH Btatheone of
e ol B T bbb e LR
around the semiconductor substrate; wherein said
conducter film includes means in at least one corner '
portion which reduces the effective width of the film
10 at that corner portion.
2. A semiconductor device according to claim 1
wherein seid width reducing means comprises at leaste
dne slit or an array of holes arranged to substantially
limit the effective w1dth thereof, in at least one
15 cormer of said semiconductor substrate.
3e A semiconductor device according to claim 2,
_.wherein said conductor film is covered with a film
of phosphosilicate glass. .
4, A semiconductor device according to claim 2 or
20 claim 3, wherein said slit is L~shaped.
5.. A semlconductor device according to claim 2 or
claim 3, wherein said holes are arrayed into the
shape of a letter L.
6. A semiconductor device according to any one of
25 the preceding claims wherein eaid cqnducéor film is

electrically connected with said semiconductor substrate



f@n outer edge of the ring. 7. A semm conductor device according to -
any QO®lLof “t he preceding clainms, wherein said conductor fiIfmi1s nade of .
¥

al ums 5 8. A sem conduct or devi ce subst ant ri bed
her ei: N with reference to Fi gs 3 to 6 or Figs. 13A|||I|||Hu|ﬂimmwmr
accorrpérnyl ng drawi ngs. The text_ojgthe specificatidn Has*betn Yegroduced by —

_ photocopyl ng the appl icants original typescript. It may contain a few \@J
- .anendf Qt %éféfu{;ﬁ el iﬁgad typescri pt containing these =
'ahendrre S rray e I nspected on .the prem ses of the patent- office. o/
7. A semiconductor device according to any one '

" of the preceding claims, wherein said conductor film
- is made of al_uminum. '
5{' 8. A semiconductér device substantially as any
| described herein with reference to Figs 3 to 6
or Figs. 13A to 13D of the accompanying drawings.

text " Muﬁu hnbnnamdnud mmctheqpnmum
mtypucﬂ.p:f mI:' msy contsin a few amendnents which are d:.tﬂ.ealt to read, The mom
mﬂmmmmﬂwhmncudummumratut ce



