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electric current flows into the P type diffusion region 17 and a potential
is taken out of the pad via the elec- The present invention relates to a
semiconductor  trode 18. Upon applying a surge voltage between, for device
and, in particular, to a protection diode for pro-  example, the voltage 18
and a ground terminal no tection against a possible negative surge voltage
5   surge current flows across the semiconductor area which is applied to a
bonding pad.                12, thus preventing a breakage of the
semiconductor In a semiconductor device, such as an IC and LSI,  device. a
plurality of bonding pads 13 formed of, for example,  In the aforementioned
conventional semiconduc- aluminum are formed on the marginal area of a sem-
tor device, the diode area including the N type region iconductor chip 11
as shown in Fig. 1. The pads are  10  16 and P type region 17 has to be
secured indepen- connected to a semiconductor device area 12 by a  dently
of the pad area because a withstand voltage of wiring, such as an aluminum,
and connected to lead  about -250V is necessary. That is, an island area
terminals (not shown) by bonding wires (not shown)  which is secured for
the protection diode requires a so that the semiconductordevice area 12 Is
electrical-  third toa half of the island area underlying the pad 13, ly
connected to the lead terminals. A negative surge  15  thus offering a bar
to a reduction in a pad-to-pad dis- voltage protection diode 14 is formed
between the  tance and hence to an improvement in an Integration pads 13 as
shown In Figs. 2A and 2B to allow a neg-  density. ative surge voltage
which is induced from the lead ter-  An object of the present invention is
to provide a minal to be grounded. It is required that the diode has
semiconductor device which can improve an integra- the surge withstand
voltage of about -250V. The  20  tion density byforming a protection
diodewithout pro- aforementioned diode is manufactured as will be set
viding any extra protection diode Island area. forth below. A buried layer
15 of first conductive type  Another object of the present invention is to
pro- (N type) having a high impurity concentration is  vide a semiconductor
device which can be simplified formed, bythermal diffusion, in a protection
diode for-  in its structure by utilizing an element isolation layer mation
area of the P type substrate 22. Afirst area 21   25  as an area of second
conductivity type for a protec- of N conductivity type lower in impurity
concentration  tion diode. than the buried layer 15 is epitaxially grown on
the  JP-A-60-246 668 describes a semiconductor in- substrate surface. An
isolation layer 24 is thermally  tegrated circuit having an input
protective circuit in- diffused around a pad formation area in the first
area  cluding a conductive pad and diodes. Afirst p-type re- 21 and around
a negative surge voltage protection di-  30  gion is formed in a
semiconductor substrate; the in- ode 14 in the first area to achieve an
element-to-ele-  terconnection pad is formed on a patterned insulating ment
isolation in which case the isolation layer ex-  layer on the substrate;
and a second p-type region is tends down to the substrate surface. When
this is  formed underneath the pad and in electrical contact done, an
island area and protection diode island area  thereto. are formed beneath
the pad. Then an N type diffusion   35  According to the present invention
there is provid- region 16 and P type diffusion region 17 near to the  ed a
semiconductor device consituting a protection diffusion region 16 are
formed on the Island area of  diode for protecting a semiconductor device
area a protection diode, serving as a cathode and anode,  against a
negative surge voltage applied to an inter- respectively. In this way, an
insulating oxide film 25  connection pad, comprising: a first semiconductor
is formed on the surface of the N type first area 21,  40  layer of first
conductivity type formed on a semicon- isolation layer 24, N type diffusion
region 16 and P  ductorsubstrate of second conductivity type; an inter-
type diffusion region 17. Of the oxide film 25, those  connection pad
formed on a patterned insulating lay- portions overlying the N type
diffusion layer 16 and  er formed on said first layer and electrically
connect- P type diffusion layer 17 are etched to form a hole in  ed to said
semiconductor device area; said diode the diffusion regions 16 and 17.
Aluminum is evapo-  45  comprising a second region of said first
conductivity rated over the pad formation area and over the re-  typeformed
in said firstsemiconductorlayersubstan- spective diffusion layers to
provide a pad 13 extend-  tially beneath a first opening in said patterned
insu- ing up to the N type diffusion region 16 as well as an  lating layer
beneath a region of said interconnection electrode 18 connected to the P
type diffusion layer  pad not utilized for wire bonding and electrically
con- 17.                                          50  nected to the pad,
said second region having an im- In the semiconductor device thus
manufactured,  purity concentration higher than that of said first lay- the
protection diode 14 comprises the diffusion re-  er; an area of second
conductivity type formed in are- gion 16 electrically connected to the pad
13 and dif-  gion of said first layer around said pad and extending fusion
region 17 connected to the electrode 18. Upon  down to said substrate
surface; and an electrode the generation of a negative surge current from
the   55  formed over said second conductivity type area, and lead terminal
to the pad 13, itflows into the N type dif-  electricallyconnected to the
second conductivitytype 



fusion region 16. Since the N type diffusion region  area via a second
opening in said patterned insulat- and P type diffusion region provide a PN
junction, the  ing layer. 2    3                  EP 0 337 482 B1
4 In the disclosure of the present specification and  portion of the
insulating film 25 overthe isolation area claims as set out below, the term
"effective bonding  24 and in a contact portion of the insulating layer 25
portion" represents a bonding area of a pad and "non-  which Is located
between the N type second region 23 effective bonding portion" a
non-bonding area of the  and the interconnection pad 26. A mask is formed
on pad.                                          5   those portions other
than both the insulating layer Upon the application of a negative surge
voltage  area corresponding to an electrode 27 to be formed to the
resultant diode an electric current flows from  over the Isolation area 24
and insulating layer area the second region of first conductivity type into
an  corresponding to the pad 26. Aluminum is evaporated area of second
conductivity type and from there to-  on the resultant structure to form
the aforementioned ward an outside of the pad. This structure obviates  10
electrode 27 and pad 26. The semiconductor device the necessity of forming
any area of a diode in other  is thus manufactured as a protection diode 24
includ- than the pad. As a result it is possible to improve an  ing the
second region 23 electrically connected to the integrated density.
pad 26 and isolation layer 24 electrically connected to This invention can
be more fully understood from  the electrode 27. the following detailed
description when taken in con-  15  In this way, a PN junction is formed
with the N junction with the accompanying drawings, In which:  type second
region 23 as the cathode and P type iso- Fig. 1 is a plan view
diagrammatically showing a  lation layer 24 as the anode. Upon the
application of semiconductor chip;                            a
negativesurge voltage of about-250V to the pad 26, Figs. 2A and 2B are a
plan view and cross-     a current flows across the PN junction and, via
the sectional view, respectively showing a conven-  20  isolation layer 24,
electrode 27 and wire, into an out- tional semiconductor device;
side portion of the semiconductor device, such as a Figs. 3A and 3B are a
plan view and cross-     ground pad, not shown. sectional view,
respectively, showing a semicon-  According to the embodiment, It is not
necessary ductor device according to one embodiment of   to form a negative
surge voltage protection diode in- the present Invention; and
25  dependently of the island portion of the pad 26. If the Figs. 4A and 4B
are a plan view and cross-     chip size is fixed relative to the
conventional chip sectional view, respectively, showing a semicon-  size,
an area which is employed as an island area for ductor device whose second
region is formed un-  the conventional negative surge voltage protection
di- der an effective bonding area.                 ode can effectively be
utilized to form another semi- A semiconductor device according to the
present  30  conductor element, etc., thus ensuring an increase In
invention will be explained below in more detail.  design latitude and in
integration density. It is also Figs. 3Aand 3B show a semiconductor device
ac-  possible to reduce a pad-to-pad distance and hence cording to one
embodiment of the present invention.  a chip size. In these Figures, a P
type substrate 22, first area 21  The Inventor has researched the
possibility of in- of first conductivity (N type) having a low impurity  35
creasing a surge withstand voltage by, as shown in concentration, and P
type isolation area 24 are of the  Figs. 4Aand 4B, forming a second region
23' beneath same type as those of the conventional semiconduc-  an
effective bonding area 28 of a first area 21 in which tor device. For this
reason, the same reference nu-  case the second region is formed as having
a large merals are employed to designate parts or elements  area. It has
been found that, when a bonding wire is corresponding to those shown in
Figs. 3A and 3B.  40  bonded by a bonder to a pad 26, the second region
Further explanation of the aforementioned embodi-  23' which is formed
beneath the pad 26 is destroyed ment will, therefore, be omitted. A
rectangular pad 26  due to a bonding impact so that a desired surge char-
has a circular effective bonding area 28 as Indicated  acteristic cannot be
obtained. This means that, con- by a broken line in Fig. 3A and
noneffective bonding  trary to the inventor's initial intention, not only
the areas 28' formed one at each corner of the rectangu-  45  surge
withstand voltage Is not Increased but also a lar pad. Second region 23 of
N conductivity type are  desired surge withstand voltage cannot be
obtained. formed, by diffusion, beneath the noneffective bond-  Although,
in the aforementioned embodiment, ing area, that is, one at each corner of
the pad and  the pad has been explained as being a single-layer may be
formed at any proper position so long as they  structure, it may be formed
as a multi-layer structure. serve as the noneffective bonding area 28'. As
in this  50  The pad is not restricted to the aforementioned rec- 



embodiment, It is better to form the second region 23  tangular
configuration and may have various proper at each corner of the rectangular
pad so as to obtain  configurations. According to the configuration, the a
desired surge withstand voltage. The surge with-  second region can be
formed in a proper location be- stand voltage Is not affected even if the
effective  neath the noneffective bonding area. bonding area 28 is somewhat
partly covered by the  55 second area 23. An insulating film 25 of about
500nm (5000 A) thick is formed on the major surface of the first area 21. A
hole is formed, by photoetching, in that 3    5                   EP 0 337
482B1                  6 Claims
wobel die Diode aufweist: einen zweiten Bereich (23) des ersten Leitungs-
1. Asemiconductor device constituting a protection     typs, der in der
ersten Halbleiterschicht (21) im diode for protecting a semiconductor
device area   wesentlichen unterhalb elner ersten Csffnung in against a
negative surge voltage applied to an in-   5  der gemusterten
Isolierschicht (25) unter elnem terconnection pad, comprising:
fOr das Drahtbondieren nicht benutzten Bereich a first semiconductor layer
(21) of first     des Verbindungsanschluifiecks (26) geblidet ist
conductivity type formed on a semiconductor        und elektrisch an den
Kontaktfleck angeschlos- substrate (22) of second conductivity type;
sen ist, wobel der zweite Bereich (23) eine an interconnection pad (26)
formed on a   io  Fremdatomkonzentration besitzt, die gr8Ber ale patterned
insulating layer (25) formed on said     die der ersten Schicht (21) ist;
first layer (21) and electrically connected to said  einen Berelch (24)
elnes zweiten Leitfahigkeits- semiconductor device area;
typs, der in elnem Bereich derersten Schicht (21) said diode comprising a
second region         urn den Kontaktfleck herum gebildet und sich (23) of
said first conductivity type formed in said  15  nach unten zur
Substratoberfilche erstreckt; first semiconductor layer (21) substantially
be-   und neath a first opening in said patterned insulating  eine
Elektrode (27), die Oberder Schicht (24) des layer (25) beneath a region of
said Interconnec-   zweiten Leitfihigkeltstyps gebildet ist und elek- tion
pad (26) not utilized for wire bonding and    trisch an den Bereich (24)
des zwelten Leitfihig- electrically connected to the pad, said second re-
20  keitstyps durch elne zwelte 6ffnung in dergemu- gion (23) having an
Impurity concentration higher  sterten Isolierschicht (25) angeschlossen
ist. than that of said first layer (21); an area (24) of second
conductivity type  2. Halbleltervorrichtung nach Anspruch 1, dadurch formed
in a region of said first layer (21) around  gekennzeichnet, dag der
Kontaktfleck eine said pad and extending down to said substrate  25
rechtwinklige Form besitzt, wobei derzwelte Be- surface; and
reich (23) unterhalb jeder Ecke des Kontakt- an electrode (27) formed
oversaid second      flecks (28) gebildet let. conductivity type area (24),
and electrically con- nected to the second conductivity type area (24)  3.
Halbleitervorrichtung nach Anspruch 1, dadurch via a second opening in said
patterned insulating   30  gekennzeichnet, daB der Bereich (24) des zwei-
layer (25).                                        ten Leitfahbgkeitstyps
ale isolierschicht far die Elemententrennung dient. 2. The semiconductor
device according to claim 1, characterized in that said pad is rectangular
In shape, with said second region (23) being formed   35   Revendlcations
beneath each corner of the pad (26). 1. Dispositif A semiconducteur
constituent une dio- 3. The semiconductor device according to claim 1,
de de protection pour prt6gerune zone de dispo- characterized In that said
second conductivity     sitif a semiconducteur contre une pointe de ten-
type area (24) serves an an isolation layerfor ele-  40  sion n6gative
appliquee A une plage de ment isolation.
connexion, compronant - une premiere couche de semiconductsur (21) d'un
premiertype de conductibilite for- Patentansprulche
me sur un substrat de semiconducteur (22) 



45          d'un deuxieme type de conductibliti; 1. Halbleitervorrichtung,
die eine Schutzdlode zum       - une plage de connexion (26) formee sur
Schutze eines Halbleitervorrichtungsbemrlches           une couche bolante
(25) formee sur ladite gegen einen negativen Spannungsstog bildet,
premiere couche (21) et connectee alectri- der an einen
Verbindungskontaktfleck angelegt           quement A ladite zone de
dispostif a semi- wird, umfassend:                           50
conducteur, eine erste Halbleiterschicht (21) eines ersten
ladite diode comprenant une deuxil- Leitf&hlgkeltstyps, die auf elnem
Halbleitersub-        me region (23) dudit premier type de strat (22) eines
zweiten Leitungstyps gebildet ist;     conductibilite dans ladite premiere
couche elnen Verbindungsanschlu~fleck (26), der auf            de
semiconducteur (21) sensiblement sous elnere gemusterten Isolierschicht
(25) gebildet  5s     une premlire ouverture dana ladite couche ist, die
auf der ersten Schicht (21) aufgebracht ist    isolante formant un motif
(25), sous une re- und elektrisch mit dem Halbleitervorrichtungsbe-
gion de ladite plage de connexion (26) non relch verbunden ist;
utilis6e pour connecter des file et conneo- 4    7                  EP O
337 482 B91                8            I |||| |11111 tWe electriquement A
la plage de connexion, ladite deuxibme region (23) ayant une concentration
d'impuretes plus forte que cells de ladite premibre couche (21); - une zone
(24) du deuxiAbme type de conduO-   5 tibilite formee dans une region de
ladite pro- nibre couche (21) autourde ladito plage de connexion et
s'htendant vers le bas jusqu'A ladite surface du substrat; et - une
Alectrode (27) formee au-dessus de la-  1o ditb zone du deuxibme type de
conductibli- t (24) et connectee lolctriquement A la zone du deuxibme type
do conductibilite (24) par lintermediaire d'une deuxieme ou- verture dane
ladite couche Isolanto formant  15 un motif (25). 2. Dispositif A
semiconducteur selon la revondica- tion 1, caracterise on ce quo ladite
plage de connexion a une forme rectangulaire, ladite  20 deuxieme rigion
(23) etant formee sous chaque coin de la plage do connexion (26). 3.
Diapositif A semiconducteur selon la revendica- tion 1, caracterisee on co
que ladito zone du   25 deuxibme type do conductibilite 24 sort de cou-
) che isolanto pour l'isodement d'oloments. 30 35 40 45 50 55 5    


