
1               EP 0 282 705 B1                  2 Description
Summary of the Invention This invention relates, in general, to vertical
field  The above and other objects and advantages of effect transistors,
and more particularly, relates to the  the present invention are achieved
by providing a ver- structural arrangement of a vertical field effect
transis-   5   tical field effect transistor semiconductor device hav- tor
(FET) in order to achieve improved characteristics.  ing a plurality of
sources on one surface of a Vertical FETs are emerging as the preferred
semiconductor substrate and a drain electrode on the design of power
transistors, particularly power FETs.  opposite surface of the
semiconductor substrate whe- In a vertical FET device the gate and source
elec-   rein source-drain current flows laterally outward from trodes are
on one surface of a semiconductor sub-   10  the individual sources and
wherein the individual strata and the drain electrode is on the opposite
sources are substantially rectangular in shape and surface of the
semiconductor substrate. The vertical  form columns and rows In
theonesurface, everyother FET device is a multi-celled structure having a
given  row being shifted so that sources in a shifted row are number of
elementary cells connected In parallel in a  positioned between sources In
an adjacent row whe- semiconductor substrate. The multiple cells are   15
rein for reducing Inactive drain area on the one sur- arranged adjacent to
each other and have a simple    face, the spacing between adjacent rows Is
less than geometric form. These geometric forms  refer to the  the spacing
between sources in the same row. source which is an enclosed source and
wherein the geometries can be circles, squares, hexagons, etc.   Brief
Description of the Drawings Even though there is no universal agreement on
the   20 optimum source geometry, it appears that hexagonal       FIG. 1
Illustrates a small number of source areas cells appear to have been the
preferred geometric        of a prior art vertical field effect transistor;
pattern.                                                FIG. 2 illustrates
a small number of source areas The top surface of the semiconductor
substrate       of a vertical field effect transistor embodying the which
contains the gate and source electrodes, has at  25  present invention ;
and least two layers of interconnect metallization lines.    FIG. 3
Illustrates, in schematic form, a cross-sec- The lower layer is typically
polysilicon and forms the   tion of a small portion of a vertical field
effect tran- gate electrode while the upper layer, which can cover
sistor which Is useful in understanding the the entire top surface, is
aluminum or an aluminum       present invention. alloy and contacts the
source regions individually.  30 The reason the source regions are arranged
in multi-  Detailed Description of the Drawings pie cells is to provide
maximum perimeter of the source areas. An important factor in FET devices
is      A vertical field effect transistor (FET) typically the on
resistance of the FET device when it is in the  consists of a multiplicity
of source areas on the top conductive state. Therefore, it would be advan-
35  surface of a semiconductor substrate. A gate elec- tageous to have a
power FET arrangement which        trode insulated from the semiconductor
substrate would provide low on-resistance and make maximum     usually
spans the space between the source areas. use of the semiconductor surface
area.               The drain electrode for the field effect transistor Is
Accordingly, it is an object of the present Inven-  located on the opposite
side or bottom side of the tion to provide a vertical field effect
transistor having   40  semiconductor substrate. The number of source a
plurality of source areas which are arranged in a pat-  areas can number
into the thousands and are com- tern to achieve a minimum of inactive drain
area on  monly referred to as cells. the same surface of a
semiconductorsubstrate as the      FIG. I Illustrates a number of source
cells source areas.                                       arranged in the
prior art (Motorola TMOS) configu- Other objects of embodiments of the
present  45  ration 10. The arrangement or configuration 10 Is invention
are to provide a field effect transistor which  commonly called an "offset
squares arrangement" has reduced gate to drain capacitance;
since every other row of the arrangement Is offset to provide a field
effect transistor which has more  from an adjacent row so that the sources
11 of the off- active cells per unit area;                       set row
are aligned within the space between the sour- to provide a vertical field
effect transistor having   50  ces of the adjacent row. The arrows 12,
shown low on resistance achieved through the arrange-   between a few of
sources 11, illustrate current flow ment of source areas ; and
from sources 11. FIG. 1 is a plan view and therefore to provide a power
field  effecttransistorwhich has  current arrows 12 are illustrated as
flowing towards a greater channel width or perimeter per unit area  each
other, then the currentflows down into the figure of silicon thereby
resulting In a field effect transis-  55  towards the drain electrode which
is not Illustrated. tor having a greater gain.                        The
current flow between sources 11 and the drain Is better illustrated in FIG.
3. Offset squares arrange- ment 10 is an attempt to make maximum
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silicon area. However, as can easily be seen in FIG.  tive to variations of
the source width. This illustrates 1, there are dead zones or inactive
areas 13 illustrated  why it Is desirable to go to large numbers of cells
per by hatched lines. Actually area 13 is nottotally wasted  square Inch
forlowvoltage designs. Itshould be noted because the surface accumulation
layer acts to     thatthe present invention is not limited to the distance
spread current into this area even though there is   5   between the
sources being one-half the distance in added resistance. A preferred
arrangement.would be  one direction as In the other direction. The distance
to have uniform current flow in all the areas between  can be a third, a
fourth, etc. The ratio of the distances sources 1 1, this would reduce the
on resistance.   will be determined by the desired operating voltage of
Source arrangement 16. illustrated in FIG. 2,   the device. For a high
voltage power FET, a greater eliminates inactive area 13. This arrangement
is  10  distance is required while fora lowvoltage device, the achieved by
moving the non-offset rows closer to the  rows can be squashed closer
together. offset rows so that all of the area between sources 11  FIGS. 1
and 2 only show a few source areas in is active area, as illustrated by
arrows 12  In other-  order to explain the present invention. In an actual
words, every other row of sources 11 is offset so that  vertical FET having
thousands of sources, there the sources in the offset row appear between
the   15   would be a large numberof rows and columns of sour- spaces of
the sources of the adjacent rows. In addi-  ces. tion, all the rows are
spaced closer together. In a pre-  FIG. 3 illustrates, in cross-sectional
view, a por- ferred embodiment, the distance between sources in  don of the
device of FIG. 2. A semiconductorsubstrate one direction is halfthe
distance in the otherdirection.  17, has extending from Its top surface a
plurality of P Although the preferred embodiment has been illus-  20  wells
21. Also extending from the top surface and con- trated having square
sources 11. a similarellmination  tained within each P well 21 is a source
11. Source 11 of inactive area 13 can be achieved by extending the  is
illustrated as being two portions within P well 21 dimensions of the offset
rows of sources (as shown in  since the cross-section, as illustrated In
FIG. 3. is FIG. 1) in one direction only so that they  would be  taken
right through the center of the source area. longer in that direction while
maintaining the same   25  Actually source 11 is in a square configuration,
as width. Typically, sources 11 have a hole In the center.  Illustrated In
FIG. 2, having a center opening thereby As an example, a circular source
would be donut     making the cross-section of source 11 appear as two
shaped.                                            sources. The area
between, as well as below, P well The arrangement in FIG. 2 can be called a
21 is drain area with drain electrode 22 located on the "squished squares
arrangement" since the distance   30  bottom side of substrate 17 FIG  3
shows more between sources in one direction is half the distance  clearly
how current flows from source areas 11 into a as it is in the other
direction. This arrangement can  common drain area then vertically down to
electrode result in a 33 percent increase in channel width for a  22. The
current flow is Illustrated by arrows 12 The high voltage design FET and a
25 percentincrease in  channel for the vertical field effect transistor is
formed channel width for a low voltage design FET. This  35  between source
11 and the junction of the P well with results in a higher gain transistor
white having lower  a common drain area. An oxide 18 covers the channel
gate to drain capacitance (Ciss) fora given die size.  as well as the
common drain area for each cell. If source areas 11 are squished further
together to  Dielectric oroxide 18 insulates gate electrode 19from where
they overlap each other, then a highresistance  semiconductor substrate 17.
Gate electrode 19 is will be formed in the overlapped region which will  40
typically a conductive material such as polysilicon or increase [err] (on)
of the resulting transistor.      the like. It will be noted that
semiconductor substrate If configuration 16 is rotated 90 degrees so that
17 can actually comprise a semiconductor substrate the rows become columns,
the same benefits will     near drain electrode 22 with an epitaxial layer
cover- result; however, In the description presented herein-  ing the
substrate and containing P wells 21. Also P before the term "row" would
then have to be converted   45   wells 21 could have a different
configuration to enh- to column.
ance breakdown voltage characteristics of the FET. In a normal square
layout, wherein all the rows  Contact to source 11 is typically made by
metal con- and columns are in line with each other, maximum    tacting
sources 11 and P wells 21. channel width is achieved when the source width
is     By now It should be appreciated that there has equal to the distance
between the sources. The   50  been provided a vertical field effect
transistor having squished square arrangement 16 is different since   a
source arrangement which essentially eliminates maximum channel width
occurs when the source       inactive common drain areas near the sources
In a width is equal to the distance between the  ources in  manner that
results in lower on-resistance and more the same row divided by the square
rootof 2, since the  channel width per unit area of silicon. The increase
In distance between the sources is half as wide in one  55  channel width
results in increased gain of the vertical direction as the other direction.
When the distance be-  FET. tween sources or source areas is narrow, e.g.
forlow voltages, the maximum channel width is very sensi- 3    5
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Claims                                            Revendications 1.A
vertical FET having a plurality of sources (11)  1. Transistor a effet de
champ FET vertical on one surface of a semiconductor substrate (17) and
comportant un ensemble de sources (11) surune sur- a drain electrode (22)
on an opposite surface of the   5   face d'un substrat semiconductour (17)
et une elec- semiconductor substrate, wherein source-drain cur-  trode de
drain (22) sur une surface oppos6e du rent (12) flows laterally outward
from the individual  substrat semiconducteur, dans lequel un courant de
sources (11) and wherein the individual sources (11)  source-drain (12)
passe lat6raiement vers l extdieur are substantially rectangular in shape
and form col-  des sources (11) Individuelles et dans loquel lee sour- umns
and rows in the one surface, every other row   io  ces (11) indMduelles ont
effectivement une forms being shifted so that sources (11) in a shifted row
are  rectangulaire et constituent des colonnes et des positioned between
sources (11) in an adjacent row,  lignes dans ia surface, chaque autre
ligne 6tantd6ca- CHARACTERISED BY an arrangement (16) for           Wee de
tile sorts quo les sources (11) d'une ligne reducing inactive drain area on
the one surface whe-  d6calde sont posidonnies entre des sources (11) rein
the spacing between adjacent rows Is less than   15  d'une ligne voisine,
caracterise par une disposition the spacing between sources in the same
row.       (16) pour r6dulre Ia reglon de drain inactive sur la sur- 2. The
vertical FET of claim 1 wherein the sources  face dans laquelle
lPespacement entre lea lignes voi- (11) have sides of the same length as
the distance be-  sines eat inferleur a lVespacement entre les sources
tween adjacent sources (11) in the same row.       de la meme ligne. 3. The
vertical FET of claim 1 wherein the sources   20  2. Transistor FET
vertical selon la revendication (11) are substantially square.
1, dane lequel les sources (11) ant des c6t6s de 4. The vertical FET of
claim 1 wherein the spacing  meine longueur quo la distance entre les
sources vol- between adjacent rows is approximately one half the  sines
(11) de la meme ligne. spacing between sources in the same row.
3. Transistor FET vertical selon la revendicatfon 25  1, dans loquel lesa
sources (11) sont effectivement carrses. Ansprilche
4. Transistor FET vertical selon la revendication 1, dans lequel
l'espacement entre les lignes volsines 1. Vertlkaler Feldeffekt-Transistor
mit mehreren  eat approximativement egal A la moltie de l'espace-
Quellenbereichen (11) an einer Oberfliche elner  30   ment entre les
sources de la mime ligne. halbleitenden Unterlage (17) und mit einer
Zugelek- trode (22) auf elner gegenuberliegenden Flache der halbleltenden
Unteriage, wobei ein Strom (12) zwi- schen dem Quellenbereich und
derZugelektrode seit- lich und au~erhalb der einzelnen Quellenbereiche   3S
(11) flie~t und die einzelnen Quellenbereiche (11) ei- ne im wesentlichen
rechtwinklige Gestalt aufWelsen und an der einen Oberflache Spalten und
Zellen bR- \..J    den, von denen jode zweite derart verschoben ist, dalL
die Quellenbereiche (1 1) in einer verschobenen   40 Zeile zwischen den
Quelienbereichen (11) einer benachbarten Zeile Rlegen, GEKENNZEICHNET DURCH
sine Anordnung (16) zurVerminderung einer inaktiven Zugflache an der einen
Oberfiache, und dadurch daB der Abstand zwischen benachbarten   45 Zeilen
geringer als der Abstand zwischen Quellenbe- relchen in derselben Zeile
ist. 2. Vertlkaler Feldeffekt-Transistor des Anspru- ches 1, be! dem die
Selten der Quellenbereiche (11) dieselbe LAnge wie die Strecke zwischen
benachbar-  50 ten Quellenbereichen In derselben Zeie aufwelsen. 3.
Vertikaler Feldeffekt-Transistor des Anspru- ches 1, bei dem die
Quellenbereiche (11). In wesent- lichen quadratisch sind. 4. Vertikaler
Feldeffekt-Transistor des Anspru-  55 ches 1, be! dem der Abstand zwlschen
benachbarten Zeilen annihemd der halben Strecke zwischen den
Quellenbereichen in derselben Zese entspricht. 4 *C   L  M   S*    


