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Invent ion 5 The present invention relates to sem conductor devices, and
nmore particularly to transistors having common base regions and transistors
havi ng efficient and effective layout. 1 0 Background of ‘the Invention In
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Background of the Invention

In the past, vertical-type transistors such as power

MOSFETs (Metal Oxide Silicon Field Effect Transistor) have

15 comprised discrete and separate base region cells which define
discrete and separate active regions. In a typical device die
comprising many of such regions, the regions are electrically
‘coupled’ together so that they act as a single transistor.
Seperate cells” glve rise to certain disadvantages. For example,

20 the' base-emitter region-of every cell must be shorted for
maximum energy. In addition, cell corners have adverse effects
on breakdown voltage.

Furthermore, transistor configurations which are

alternative to cells, such as stripes, have given rise to

25 particular disadvantages. For example, striped-layout

transistors inherently comprise elongated gate fingers.

Electrical contact must be made to these elongated gate

fingers in order to turn on or turn off the transistor.

Conventionally, electrical . connection to the elongated gate

30 fingers are made at their extreme ends. Contacting the gate
fingers at their ends creates a resistance to the gate finger
which varies along its length. Consequently, the transistor's
performance characteristics vary along the length of the gate
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fiqurs‘at their ends creates a resistance to the gate finger which varies
along its length. Consequently, the transistor's perfornance
characteristics vary along the length of the gate 2 finger. It will be
recogni zed by those skilled in the art that this condition- is undesirable.
Consequently, what is needed is a transistor which avoids the probl em of

i ndividual, seperate cells. Furthernore, what is 5 needed is a transistor
whi ch has an efficient and effective | ayout such that transistor

per for mance patraneters, da,npt vary nmaterj al t differ o i ons of the
device. 1 0 finger. ﬁt will Eﬁi Egc 5?$pi?¥o{rﬁ6 Fggfelféﬁn%sgggig s a
sinplified croghisseonditiah is amddsirablerti cal MOS transi stor in accordance
wi th one enbodi nent e b e RhARA i ' ;
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is a sinplifiednaterizihseatt idiffeienti évcatiors af tthenalewiee.enbodi ment of a
transi stor in accordance with the

10 Brief Description of the Drawings

FIG. 1 is a simplified cross-sectional view of a vertical
MOS transistor in accordance with one embodiment of the
present invention;
15 FIG. 2 is a simplified top view of a transistor in
accordance with one embodiment of the present invention;
FIG. 3 is a- simplified cross-sectional view of an
alternative embodiment of a transistor in accordance with the
present invention;
20 FIG. 4 is a partial top view of an alternative embodiment
of a transistor in accordance with the present invention;
FIG. 5 is a simplified cross-sectional view of an
alternative embodiment of a transistor in accordance with the
present invention;

25 FIG. 6 is a simplified top view illustrating the layout of a
transistor die including patterned polysilicon forming gate
fingers; '

FIG. 7 is a top view of the semiconductor die of FIG. 6
further including a metal level;
30 FIG. 8 is a simplified cross-section view representing a
portion of a transistor; and
FIG. 9 is an enlarged view of a portion of FIG. 6.



prg_genteinvention; 25 FIG 6 is asinplified top view illustrating
the layout of a transistor die including patterned polysilicon formng gate
fingers; FIG 7 is a top view of the sem conductor die of FIG 6 further

including a nmetal level; 30 FIG 8 is a sinplified cross-section
view representing a portion of a transistor; and FIG 9 is an enlarged view
of a portion of FIG 6. 3 Detailed Desgiption of the Drawi ngs Generally

stated, one preferred enbodi ment of the present invention is a Metal Q(i de
Silicon Field Effect 5 Transisto MOSEET) whij h a.single common "base
region". The base region i ei%i%‘ii%?'?&?é?r@tﬁ?‘& iﬁ?“f'ﬁ%e W th average

know edge of the |ndustry as a body region, tub or well. In an enhancenent

node N- channel é&n%‘llgtsfﬁe&y%rﬁéﬁ prb&ﬁr&& é@ﬂ,gﬁ' ttbethase region is

the region of the 1 ure wh oprowdethe
channel regi onpresenthinventian e;sf@cMeﬁabmldeoﬁlhqmu. elshﬁ fect it will be

{ehnel S0y o TR0 (MOGEETy dieHiage singlrconiol ashatodi
channel MOSFETENE D8R Teg'?ﬁe'ﬁjm%t'mﬁg Wafpﬁretgag Zlyeh&%éﬁmvﬁ-[%ase regi on
el i mnates theaeetage &nowledge of the industry, as a body region, tub or
well. In an enhancement mode N-channel MOSFET, which is
typical in the industry, the base region is the region of the
10 structure which is P+ and P-doped to provide the channel region
for the field effect transistor. Additionally, it will be
understood by those with average knowledge of the industry
that similar technology applies to Insulated Gate Bipolar
Transistors (IGBT) and P channel MOSFETS, as well. The device
15 with a single common base region eliminates the exterior
corners found in seperate cell devices, thereby imrpoving
breakdown voltage. Additionally, the single common base
region device reduces the probability of open base avalanche
injection.
20 Turning to the figures for a more detailed understanding,
FIG. 1 is a simplified cross-section of a portion of a MOSFET in
accordance with one embodiment of the present invention. More
specifically, MOSFET 100 is a vertically stacked semiconductor
structure. Transistor 100 is an enhancement mode N-channel
25 MOSFET. Transistor 100 comprises Nt+-type substrate 102. N-
type epitaxial layer 104 is grown to a sufficient thickness on
substrate 102 in accordance with methods well known in the
industry.
P-type regions 106 are part of a larger common base
30 region which will be further illustrated in the tdp view of FIG.
2. P-type region 106 comprises P+-region 108, the lower lobe
of the region, and P-region 110, the upper lobe of the region.
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corners found in seperate cell devices, thereby inrpoving breakdown
voltage. Additionally, the single common base region device reduces the
probability of open base aval anche injection. 20 Turning to the
figures for a nore detailed understanding, FIG 1 is a sinplified
cross-section of a portion of a MOSFET in accordance with one enbodi nent of
the present invention. Mre specifically,4MOSFET 100 is a vertically
stacked seni conductor structure. Transistor 100 is an enhancenent node
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dopant type. Specifically, layer 114 reduces the on-resistance
10 of the transistor.

Oxide portion 116 resides on a first surface 118 of
transistor 100. The edges of oxide layer 116 overlap upper lobe
portions 110 of common base region 106, as well as source
regions 112. Gate portion 120 overlies oxide portion 116.

15 Those with average knowledge of the industry will be quite
familiar with the operation of the MOSFET illustrated in FIG. 1,
as well as the process technologies available for fabricating
the device illustrated. It will be understood that transistor
100 conducts current vertically between first surface 118 and

20 second surface 122, which is the bottom surface and is parallel
to first surface 118.

Tuming to FIG. 2, FIG. 2 particularly illustrates one of the
important novel features of the embodiment of the present
invention being described. More specifically, FIG. 2 is a

25 simplified top view of a transistor 200 in accordance with one
embodiment of the present invention. Transistor 200 includes
the transistor portion 100 shown in FIG. 1, as indicated by the
dashed line marked with the number 1. Transistor 200
comprises single common base region 202. Single common base

30 region 202 includes P+-type portions 204 as well as P-type
portions 206. The lines of FIG. 2 defining regions 206 merely
indicate a transition between of P-type concentration, from P+
to P-. Referring briefly back to FIG. 1 for a better
understanding, P+-type portions 204 make up lower lobes 108
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isijorﬁed prior to formng the gate of the device. The N-type dopi ng of
regions 112 and layer 114 are considered a first dopant type. Specifically,
| ayer 114 reduces the on-resistance 10 of the transistor. Oxide portion
116 resides on a first surface 118 of transistor 100. The edges of oxide

| ayer 116 overlap upper |obe portions 110 of comon base region 106, as
wel | as source regions 112. Gate portion &£20 overlies oxide portion 116. 15
Those with average know edge of the industry will be quite famliar with
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100 _shown i n Fa egditaxial ipoitiont 210 Hg rdvealedheRefermingreagain to FIGL e, nunber
base 30 reql A 2OONERE HLoR, 219, & HIfHloGRRS i Hettioh fo4. HGEa ™"
portions 206. belew igate d20FI G 2 defining regions 206 nerely indicate a
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the top view shown in FIG. 2. Specifically, transistor 200

comprises a single common base region 202 having several

small regions where epitaxial portions (e.g., portion 210) are

15 revealed. Due to the geometry of this particular embodiment,
single common base region 202 is considered a striped base
region. The stripes are considered to run vertically in the
figure, between epitaxial portions 210. Transistor 200, and
similar transistors, comprise at least two of these elongated

20 base portions, or stripes. The stripes are joined integrally by
base region border 212. Base region border 212 is the
rectangular shaped outer edge of common base region 202.

Referring to FIG. 2, source regions 112 are formed in
portions 208 of common base region 202. More specifically, in

25 the embodiment shown, source regions 112 are opposing
parallel elongated regions.

Overlying base region 202 and source regions 112 are
gate regions 120. In the embodiment shown, gate regions 120
comprise elongated gate regions or gate fingers.

30 FIG. 3 is a simplified cross section of an alternative
embodiment of a portion 208 of transistor 200. One notable
distinction between the embodiment shown in FIG. 3 and the
embodiment shown in FIG. 1 is the configuration of oxide layer
316. Oxide layer 316 has a central portion 318 and edge
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uno!e_,:rst‘andi ng, P+-type portions 204 make up | ower | obes 108 5 of base
region 106. Furthernore, P-type portions 206 nake up upper |obes 110 of
base region 106. Additionally, source regions 112 can be seen fromthe top
viewin FIG 2. Furthernore, gate 120 is shown in top view,"'in FIG 2. 5
The gate of transistor portion 208 has been left off of FIG 2 so as to
reveal details belowthe gate.' More specifgcally, an epitaxial portion 210
is reveal ed. Referring again to FIG 1, an epitaxial portion 210 |s

anal ogous to portj.on c low 20, 1 Cert
not abl e featur@@"ﬁ‘?“?ri}& sgt]ﬁ'"eiﬁéopp dﬁ ht?@ﬁe edas, Wt"sof t he

present i nvent 3d9. arkhe ecordfigusratipnt bf gate oxide EHyem3i6 isl achibved
mavi ng sever al YURRWS knGlE RREReSIA, etielBs: T RRVRIRSR SR8 32670, )
are 1 5 reveaisdormad over gateaxide rlayelr 6. s Que ttoctheashapecof gate ,
singl e comgn ?dd‘e rIS PrB‘?é’Zdo?yéiﬁd?éh %@ﬁﬁblﬁ%sbﬁsﬁankéa' eBnirgpe.
stripes are considered to n rtl cal I et ween .epl taxi al
portions 210. PosHRN 32} Q"@fg ‘XG&J g?anz:f%"itgﬁspo r‘?f%‘g 1Bt | east
two of these ehiglusmt qﬁhﬁ%dg@qﬁ)m@h@ 322, or stripes. The stripes are
oinea it car a1 L RS apok o e S0RB, WASIECHAE 12 o the
polysilicon gate 320 provides the advantage of reduced gate to
10 drain capacitance for the device. It will be understood by those
with average knowledge of the industry that the drain is
considered to be an electrical contact on the bottom surface
324 of the device. Additionally, the configuration of layer 316
and gate 321 has the effect of causing pre-gate implant layer
15 326 to be discontinuous beneath the central portion 321 of gate
320. This discontinuity in the region beneath the center of the
gate provides improved operation parameters as well. For
example, improved on-resistance in high voltage devices is
achieved.
20 FIG. 4 illustrates an alternative embodiment of a
transistor in accordance with the present invention. More
specifically, transistor 400 of FIG. 4 is very similar to
transistor 200 of FIG. 2, however, certain adjacent source
regions are cross connected. More specifically, elongated
25 source regions 402 are cross connected with adjacent
elongated source regions by regions 404. Regions 404 are N+-
type doped regions similar in nature to the elongated source
regions 402. The advantages provided by the cross connected
source regions are illustrated by FIG. 5.
30 FIG. 5 is a cross section of a portion of a transistor
consistent with the layout in FIG. 4. More specifically, FIG. 5
shows two device portions, 500 and 502. The structure of FIG.
5 is very similar to the structure of FIG. 1. Furthermore, FIG. 5
additionally shows an insulating oxide layer 504 covering
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Referrlng to FIG 2, source regions 112 are forned in portions 208 of
common base regi on 202 More specifically, in 25 the enbodi nent shown,
source regions 112 are opposing parallel elongated regions. Overlying base
region 202 and source regions 112 are gate regions 1207 I'n-t-he enbodi nent
shown, gate regions 120 conprise el ongated gate regions or gate fingers. 30
FIG 3 is a sinplified cross section of az al ternative enbodi nent of a
portion 208 of transistor 200 One notabl e distinction between the

enbodi ment shown in FIG 3 and the enbodi nent shown in, FlI 1is the

confi gurati on Relysiicen gajes 306 ©Gn dep al dnsyatingaoxide: fayerab0doisi on 318
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oxi de | ayer 3lthe Botirce e¢leetroidepef dhegdevice. oxCdaseqyently,th V\plblbeu l i con
gate 320 igclu S n 2

Centr al porgtlolﬁl&.%)guié&j ﬂ{% foft tléuiirhne %hggp??éwg?%ﬁg}g%he con |gurat|on of
t he gate oxi deep@g@tedmourm |5©95¢>§18I O gate 320 provides the advantage of
reduced gate to 1 Oag rm@damg ofhe H@Vldé“i‘n&@ds‘é% thbré" will bR yesier st ood

by those with foom" valjfgg)l qeng hc-:tnheek')rr'n]glajf d % source regions aéﬂ) Im the
general area between transistor portions 500 and 502.

10 Nevertheless a good electrical contact to metal layer 508 is
required. Consequently, the cross connecting regions 512 are
provided. Cross connecting regions 512 allow for sufficient
and substantial electrical contact from metal layer 508 to
elongated source regions 510. Consequently, higher packing

15 densities can be achieved. :

Turning now to FIG. 6, FIG. 6 illustrates a particularly
efficient and effective layout of an entire transistor die in
accordance with the present invention. In order to best
illustrate the layout of the die, FIG. 6 shows the patterned

20 polysilicon 602 making the gate fingers, represented by gate
fingers 604, 606, 608 and 610. FIG. 6 can be related to the
simplified drawing of FIG. 2 in order to enhance the
understanding of FIG. 6. More specifically, a gate finger 604 of
FIG. 6 corresponds to gate finger 120 of FIG. 2. An opening 612

25 in the patterned polysilicon 602 of the die 600 corresponds to
the opening in FIG. 2 between the two gate fingers 120.
Referring to FIG. 2, it can be seen that this opening exposes
source regions 112. However, for the sake of clarity, the detail
of the source regions such as 112 in FIG. 2 is not shown within

30 the opening 612 of FIG. 6. Nevertheless, it will be understood
that such source regions are exposed by the openings 612
throughout the patterned polysilicon 602.

Returning to FIG. 6 for an understanding of the
particularities of the layout, it will be understood by those
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considéred to be an electrical contact on the bottom surface 324 of the
device. Additionally, the configuration of |layer 316 and gate 321 has the
ef fect of causing pre-gate inplant layer 1 5 326 to be disconti nuous
beneath the central portion 321 of gate 320.- This discontinuity in the
regi on beneath the center of the gate provides inproved operation
paraneters as well. For exanple, inprovedapn-resistance I n high vol tage
devices is achieved. 20 FIG 4 illustrates an alternative enbodi nent
of a transistor, jin accordanc
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manufacturing the die, it is desirable to provide electrical
10 contact to the gate fingers and to the source contact regions
between the gate fingers with the same single level of metal.
This idea is better understood with reference to FIG. 7.
FIG. 7 illustrates the die 600 of FIG. 6, further having a
single level of metal 700 covering the die. With reference to
15 both FIGs. 6 and 7, it can be seen that portion 702 of metal
layer 700 provides electrical contact to the patterned gate
fingers, while portion 704 provides contiguous electrical
contact to the source regions within openings 612 exposed by
the polysilicon gate fingers 604, 606, 608 and 610. It will be
20 understood by those skilled in the art that the patterned
polysilicon 602 is covered with a dielectric in the areas over
which portion 704 is formed, before metal layer 700 is formed.
Consequently, metal layer portion 704 contacts the source
regions (e.g. 612) while being insulated from the gate fingers
25 (e.g. 604). Furthermore, it can be seen that metal layer portion
702 contacting the polysilicon gate fingers is electrically
~ isolated from metal layer portion 704 contacting the source
regions by gap 706.
Returning to FIG. 6 for further explanation of the layout,
30 it can be seen that the layout seeks to reduce the length of the
gate fingers (e.g. fingers 604), length herein meaning the
distance from a furthest point on a gate finger to the gate feed
network. The gate feed network is the portion of patterned
polysilicon layer 602 which underlies metal layer portion 702



pol ysi I'i con gates 506. On top of insulating oxide |ayer 504 is netal |ayer
508. As will be well understood by those w th average know edge of the
i ndustry, metal |ayer 508 provides the source el ectrode of the device.
Consequently, it will be 5 recognized that “it is inpoftant:that netal
| ayer 508 contact el ongated source regions 510. As the density of the
device increases, there will be | ess roomgavailable to | engthen el ongated
source regions 510 in the general area between transistor portions 500 and

502. 1 0 Never e a~goad el ectrical niact .t tal |layer 508 is
requi red. Consgfqt}}gﬁ'lsfr, pﬁgsggygﬁﬁgbm%&qctﬁgkre&giﬂgﬁ\gggiéngllu ﬁr ovi ded.
Cross connect i extersting nfecsll fingersvetédrardif1&iand perimetdrsringt 648B.

el ectrical contact fr I e t e t u reeal gas 510.
Consequent |y, hi gheit g;‘g(&:é?%biég% Eiee(g'gl i@g icéa){gy* es_gctﬁlge%lge. %értghg now t o
FIG 6, FIG cbecauserthe-sesistanee f the yoaler fingentingrrRAses a&lengeitsayout of

an entire & angEngtR! @&lééhli’é‘rﬁﬁf,dﬂﬂ?‘izp&rhﬂnghﬁamméﬁﬂ% pfMABL i on. | n order
to best illustrate. the |ayout of the die, FI 6 SS@MB the patterned 20
pol ysi | i con eoBanalatng Wik coxresnendjasly vary, slond e, Jeudih of fe: s co4,
606, 608 and 6date fingert Jdrerbforee! gatedfinget Hengtheliméskbedreducgddbd FIG 2
finger 604 of rGPUNt QYR IREES s hel matelial valighBe Br arabsiSiop’, 2 7 °
612 25 in theoparating qrrpsnsters i alongstize dengtle ofi the@ateofingepends to the
opening i gl G 2 'bThlé’eﬂgldLﬁesﬁdegﬁHt 16, OProvidés rBRItR/lY $hdr? date 2, it
can be seen that this opéning exposes .
inger leng&s by proeldmg the gate feed network which '
includes two extending feed fingers 614, 616, along with
perimeter ring 618. Given this configuration, it can be seen
that all of the gate fingers comprising the "upper" portion of
15 the die generally indicated by arrow 620 have a gate finger
length of less than 1/6 of the length of die 600, since each of
these gate fingers is fed from both sides and the feed fingers
divide the die into thirds. Note that gate fingers represented
by fingers 610 are advantageously much smaller due to
20 polysilicon portion 622 which underlies metal portion 706 (FIG.
7), which is provided for attaching a wire bond during
packaging of die 600.
Given that the first group of gate fingers in upper portion
620 are of appropriate length for good performance of the
25 transistor, it might be questioned as to why feed fingers 614
and 616 do not traverse the entire width of the die 600 such
that all gate fingers have the same length. The answer is
revealed in view of FIG. 7. Referring to FIG. 7, note that if feed
fingers 614 and 616 traverse the entire width of die 600 then
30 metal layer portion 704 would be segmented into three
separate, non-contiguous and non-electrically connected
portions. [t must be held in mind, though, that in
manufacturing, it is desirable to contact the source of the
device via metal layer portion 704 with a single wire bond,



source regions 112. -However, for the sake of clarity, the detail of the
source regions such as 112 in FIG 2 is not shown within 30 the opening
612 of FIG 6. Nevertheless, it will be understood that such source regions
are exposed by the openings 612 throughout the patternéd polysilicon 602.
Returning to FIG 6 for an understanding of the particularities of the
layout, it will be understood by those {8 skilled in the art that, in
order to operate the transi stor device of i e 600, electrical contact nust

be nmade to all t gate fingers,r ntedb 604, 606, 608 and
610, as wel | ag rqh(ﬁg agumie g’&rﬁ%gﬁ glr])§eg éai'é{d ?ql %V(%em ngs in
the 5 patter npdrMyﬂDMmst&ﬁR (rmﬁ'rgmma.ed by openi ng 612 Addi tional ly,

it will be recogni zg%t{d&ﬁhg BédG q{ uI(? Wrﬂé%}n({eggfgﬁ%wh be made

to the bottomsurfa order and
reduce the cossecondagmm:tqirga@ flngeas e!n the iageaciodicaled by iheoarnw

el ectrical gl 0622°§hécﬁegr?séﬁfécg f| géﬂ@UB quplt('ﬁll(y@@ S‘I’Héc§e66’ﬁ‘t‘] act

regl ons bet ween g€ ers

ane .sin .e Thi s
TGOS Dot o Grouer &F ssto fingere.faz ae abaned PorpendiSUfar fa dBe: ek 't he
die 600 of FI Ggréup fofr ghte flriyersg620siamg aré cfeel byf peritrdter tihg ®/48 iofg t he

6o 1 T cUGDGuo dod i g B Bl i e

polysilicon. If these gate fingers weren't perpendicular, they

10 would traverse the entire width of the device, and therefore be
undesirably long. It should be noted that gate fingers generally
indicated by arrows 626 are also acceptably short.
Consequently, the layout illustrated by FIG. 6 provides gate
fingers having lengths which are at least less than half of the

15 longer of the length or width of die 600.

Turning now to FIGs. 8 and 9, FIGs. 8 and 9 illustrate
certain advantageous methods for manufacturing the transistor
die 600. FIG. 8 is an illustrative cross-section side view of the
portion of die 600 indicated by arrows 8-8, and further

20 including a dielectric covering the gate fingers and metal Iayer
portion 704 (FIG. 7) covering the dielectric. Although one of
ordinary skill in the art will recognize various methods for
arriving at the device shown, the process is generally described
here in order to point out certain advantageous ways of

25 carrying out certain steps. Furthermore, only relevant steps
will be discussed, and it will be understood that there are
intervening steps which are well known in the art. '

Accordingly to one preferred embodiment, N type
semiconductor substrate 800 is provided. Initially, a P+

30 implant is carried out in order to form the P well portions 802,
also referred to as the tub or base portion. As discussed in
detail earlier, the base portion is all one single contiguous
base. One notable feature of the implant is that a positive,
latex based photoresist is used for the implant. Positive



fingers, while portion 704 provides contiguous electrical contact to the
source regions within openings 612 exposed by the polysilicon gate fingers
604, 606, 608 and 610. It will be 20 understood by those skilled in the
art that the patterned polysilicon 602 is covered with™a diretectric in the
areas over which portion 704 is formed, before netal l[ayer 700 is forned.
Consequently, netal |ayer portion 704 conjgcts the source regions (e.g.
612) while being insulated fromthe gate fingers 25 (e.g. 604).

pol ysi 11 con’ gaPbOfPvestst 1§ CabpRbn(E dihoaiibe jt pleAIR, Hovide® Miteatepor i on
704 cont act i ngreseiution; ceompaired stcoynegaliveo @hdatoresiat.ngltt wilklkee 6 for
to reduce [ho [ESaitizon it @R asiianie o edafs S“S‘%Psbééﬁ}y, L
meani ng the di 9aihdingars,$@4ras tmuch %ﬁ)inﬂssﬂﬁea 6&"&3@% st%nﬁgeth?ate
feed netwoms. Wmmasfeimpmwtnpbméﬁsisozhﬁm@lorthéOQpaéin@tdfePaw firdgers | i con
| ayer 602 whi CB gndgril |§s ngﬁ@l[ | aver port&ts)l.pc 70é.an }(ﬁe FIG_ 7. a .
Consequent |y, PA% Jhi8 ¢esly IR ribakg. MBEAN ROBIRRS, P NARYsa814 and
616 and perinmepessibleg 618. It is desirable to reduce the length of the
O e n o Bnssaecn AT PRI TRTehe! 80205 Sodls diab ei@R<Ghich o0 1S
forms oxide portions 806 is formed. Subsequently, a
10 polysilicon layer which will result in gate fingers 804 is
deposited over the gate oxide layer. It will be understood that
both of these layers are initially formed as continuous sheets,
and the fingers are defined later by etching.
Next, the polysilicon layer is patterned to form the gate
15 fingers. In order to define the gate fingers 804 well known
etching techniques are used. However, as in the previously
discussed masking step, positive photoresist is used again in
order to provide more fine definition than is available with
negative photoresist. The gate oxide layer which will underlie
20 the gate fingers is initially left as a conformal coating through
which the implants (P- channel, N+ source) are performed.
Subsequent to implanting portions 808, a mask is defined
through which source regions 810 are implanted. It should be
recalled that, in certain preferred embodiments, the mask
25 through which end type source regions 810 are implanted is
configured such that certain adjacent source regions are cross
connected, as illustrated in FIG. 4. Furthermore, in certain
preferred applications, the photolithography processing for
implanting N+ source regions 810 utilizes positive photoresist
30 in order to achieve fine geometry.
Further photolithographic processing is conducted in
order to provide the preohmic for metal contact to source
regions 810, P tub regions 802, and gate polysilicon. Gate
oxide portions 806 and dielectric 814 is patterned at this step.



transistor will correspondingly vary along the length of the gate finger.
Therefore, gate finger |engths nust be reduced to the point where there is
no material variance of transistor operating paraneters along the | ength of
the gate fingers. 1 0 The | ayout shown-in FIG 6 provides relatively
short gate finger lengths by providing the gate feed network which includes
two extending feed fingers 614, 616, annP W th perineter ring 618. G ven
this configuration, it can be seen that a ? of the gate fingers conprising

t he "upper" portion of 5t ggner ally indi.cate b¥ ar rﬁ).w 620 have a
gate finger le oPosiie Fﬂ%ﬂpfﬁ% fiS t ¢ HNoPTRT Y@ BCNIEVRC @ ach of
these gate fi nﬁaesgeenﬁemlyfneedbdt tonsidesingndhehexfreenklyyi spwlk siripede t he
die into third gﬁ{i that gate fingers represented by fingers 610 are
advant ageousl y Rﬂ mal | er due to 20 polysilicon portion 622 which
underlies netal por Onen ofcihe( final stgps.wascwill beprecogrigedoby dhogenphg a

1 hgere i i SRABRRGPIY B lcafile o dopdationsof akmirarp eie] 1nc
e L PR rovies ofhicn BoRTHER, oS SUrER labjons A6 aha B e 1
and 616 do nottub aegioies t832.entire width of the die 600 such that all gate
Referring to FI G S?ﬁn%lﬁﬁgfdﬁft &R, BN |55 o) GieEuAc et Bf b, r.
entire wdth oshawa o oFtGerB,3particularlyl dlustrating itbe tayoutoof dthee segrent ed
I[:)(r)]f"?l gn;eq (Fegﬁégfa@n fb‘?“fg?ﬁﬁ%gluguﬁeqjgﬁs%‘z%&ﬁ &l lals6peesd&t in
89) with reference to pagemed polysilicon layers 602
(from FIG. 6), including gate fingers 804 (from FIG. 8). FIG. 9
illustrates an important feature with respect to implant layer
900 which includes regions 802. More specifically, all of the
15 ‘“corners", e.g., corners 902, are "inside corners" that is, the
entire layer 900 is designed (laid out) so that there are no open
ended stubs (outside corners), but rather only inside corners
902 throughout the layout. The reason for this inside corner
layout is related to the fact that, as is well known, the base
20 resistance of the transistor is directly related to the P+
implant doping concentration. When the implant layer 900 is
implanted, and subsequently diffused during normal device
fabrication, the P impurities at an inside corner will tend to
defuse in an overlapping fashion. Consequently, the P+ doping
25 concentrations at the corners will increase, thereby reducing
base resistance in the corner areas. If, on the other hand,
implant layer 900 included open ended stubs (outside corners)
the P+ implant would thin out as it diffused. The diminishing
P+ implant would increase base resistance, tending to cause
30 device failure in the isolated areas where the P+ implant thins.
By now it will be appreciated that a transistor has been
provided which can provide the advantages of efficient and
effective device layout, improved energy, breakdown voltage,



manuf acturing, it is desirable to contact the source of the device via
met'al |ayer portion 704 with a single wre bond, 1 O0illustrated as wire
bond 710. Consequently, netal |ayer portion 704 nust be conti guous.
Returning to FIG 6, it should now be understood why a“second group of gate
fingers in the area indicated by the arrow 5 622 and represented by finger
608, is provided. The second group of gatfsfi ngers 622 are aligned

per pendi cular to the first group of gate |ngers 620 and are fed by
perimeter ring, 618 of the, 9 te feed networléa OI‘tIOE_ 624 of the
patterned pol y QWEEAN-resistac.s IOWSE LR gﬁglrp AGKD ar, they 1

0 would travedesasifye entire width of the device, and therefore be

by arrons. §26 are a\'i'ﬁ%c\@% ohaey Sh %%&&%gﬁ%ﬁﬁge@@%ﬁfw' e

illustrated byemtmdm@mtsvmieﬂwgapzesentgm\semm,n(jurt eyt modificationse at
| east | ess g hagnha H]pgévérﬂégis Yilll 6645 161thods SR iPthi! dHN Wed! e 600

Turni ng now to ustrate gertaln a vant ageous

met hods for raf@siet ifr e Hinderstard: 6Refﬁf9r%x0(§ hat-tais anyentioniis| netrati ve

cross-section fHirfied iteWihy pmcmart f@m@szanGQﬁdlw hitend Ry ther ows 8-8,
and further 20__in

| ayer portion ?Bﬁe(‘ﬁﬁgj 3%'%%3&5%‘5{ %‘gcgrﬁ 'bgg'r"fs &%‘hﬁé ﬁggﬁfg anrg etel

from the spirit and scope of this invention.
10 '
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ordinar'y skill in the art will recognize various nethods for arriving at

t he device shown, the process is generally described here in order to point
out certai n advantageous ways of 25 carrying out certain steps.
Furthernore, only relevant steps will be discussed, and~it will be
understood that there are intervening steps which are well known in the
art. Accordingly to one preferred enbodi mpgt, N type sem conduct or
substrate 800 is provided. Initially, a P+ 30 inplant is carried out in
order to formthe P well portions 802, éL?ﬁgéeferred to as the tub or base
portion. As discussed in detail earlier, base portion is all one single
contiguous base. One notable feature of the inplant is that a positive,

| at ex based phot oregi st js F%%g ki nt. Positive photoresist is
desirabl e because itq't pjlﬁ,‘ce;[ y stét’ ddifiotiEhig:

rqovi des greater resolution, conpared to
negative photoresi s@ Martigally §€a§%gﬁﬁr%&m¢ﬁmtortswcaaﬁ r(iQBg to reduce
the Sp?ﬁi néss b?(tj:bﬁﬁ:ﬂ’t i iglageaf fil;tqesarf.aaé egl?ua_hdaa taecahal QurfEcésemzat nt:c_y,
since the 5 wi | ant .. por n mi n . _Qga i ngers
20, it s desPruafel t87 HER IR BUARSECNT1Be the MRCSABH oo tiodfid i o
After inplantiognducticurcesOirom tha dirstisiafacy el 18)i th ther secondde

portions 806 i %1 bsequently, a 10 polysilicon |ayer which w |

result in gateéylﬁgers_ ’is deposited over the gate oxide layer. It wll
be understood that @& single common base region (202); and

10 one or more source regions (112) comprising a first
material, the one or more source regions formed in the single
common base region (202), wherein certain adjacent ones of
the one or more source regions (112) are cross-connected (404)
with the first material.

15

2. A transistor comprising:

a common base region (202);

one or more source regions (112) formed in the common
base region (202); and

20 one or more gate regions (120) overlying the common base
region (202) and the one or more source regions (112), wherein
each of the gate regions (120) comprises an elongated gate
finger (320) having a cross-section, the cross-section having a
central portion (321) and edge portions (322), and wherein the

25 central portion (321) is thicker than the edge portions (322).

3. The transistor of claim 2, further comprising a pre-
gate implant layer (326) beneath the one or more gate regions
(320), the pre-gate implant layer (326) discontinuous in areas

30 beneath the central (321) portions of the gate regions.

4. The transistor of claim 2, wherein certain adjacent
ones of the one or more source regions (402) are cross
connected (404). '

* c L M - *



both of these |ayers are |n|t|aIIy formed as continuous sheets, and the
fingers are defined later by etching. Next, the polysilicon Iayer S
patterned to formthe gate 15 fingers. In order to define the gate fingers
804 well known etching techniques are used. "However, as~in-the previously
di scussed nmasking step, positive photoresist is used again in order to
provide nore fine definition than is avaltgble wi th negative photoresist.
The gate oxide |ayer which will underlie the gate fingers is initially
|l eft as a conformal coating through which the inplants (P- channel, N+
source) are performed. Subsequent to inplanting portions 808, a mask is
defined through whi 8h soAr sertiegl oran8istornr eomprisinged. 1t shoul d be

recalled that, in c e t he mask 25 through which
end type source reg%o%@h@qgﬁ %@’eﬁnggp %‘@EH @ﬂé)gur ed such that certain
adj acent source regaoplurality efoelongatedcseurceagegionss (540 dcomprisihg 4a

Fur t her nor | e e p 0, p t phy
processi ng% orﬂlér)r‘ppb?era %ﬁlﬂ séolbftgg ﬁé‘éﬁg gfs de[I'EF p@@%&‘sk?%z

phot or esi st 30formed ipeth Q scapman stripad § @6%@%}0'1 dlercertain

Fhotollttlhografa dymcsﬁésnaf ltﬁecstsmet ioRsO(5iH0) bei Qymde-ghe Preohmc
or netal contac 0 Lan and gate
pol ysilicon. cgpan 8 Hfgltggél)l ﬁb gb% ﬁ& ‘&?BFacmqﬁ"é 4aP§ patterned at
this step. 1 2 one or more gate fingers (120) overlying the common
10 striped base region (202) and the one or more source regions
(510).

6. The vertical transistor of claim 5, wherein each of

the one or more gate fingers (120) comprises a central portion

15 (321) and edge portions (322), the central portion (321) being
higher than the edge portions (322).

7. A transistor comprising:

a semiconductor die (600) having a length and a

20 width;

a patterned gate region (602) comprising a plurality
of gate fingers (604,606,608,610), the patterned gate region
(602) exposing a plurality of source contact regions (112);

a gate feed network (614,616,618);

25 each of the plurality of gate fingers
(604,606,608,610) having a gate finger length which is a
distance from a furthest point on the gate finger to the gate
feed network (614,616,618);

a single metal level (700) contacting the gate feed

30 network (614,616,618) and the plurality of source contact
regions (112), the gate feed (614,616,618) network being
electrically isolated from the plurality of source contact
regions (112), the plurality of source contact regions (112)
being contiguously electrically coupled; and

* < L M S *



Agai n, 'positive photoresist is enployed in order to achieve the fine
geonetry needed considering the extrenely small stripe spacing. One of the
final steps, as will be recognized by those of 5 ordinarily skill in the
art, is the deposition of alum num 812, which provides-ohm-c contact to the
source regions 810 and P tub regions 802. Turning to FIG 9, FIG 9 is a
magni fied view of portion 9 shown in FIG g, particularly illustrating the
| ayout of the 1 O inplant for form ng P+ 1 gi ons 802 (which can al so be
seen in FIG 8) with reference to patterned polysilicon |ayers 602 (from
FIG 6), including gate WhatRinsagmaximusm gake fipger Heagtly is| less: thars an

mportant f eat yig Melfof #daiaé of TeABbrlicufiaudeR ol Rhdthckdes 1 eal ons

802. Mbre specl the 1 5 "corners”, e.g., corners 902, are
"insi de corner Widilgt is, the entire layer 900 is designed (laid out) so
that there are no open ended stubs (outside corners), but rather only
I nsi de corners 902 thro u y.Qu JTheor Jo [,S, L @S cor ner
| ayout is el ated tg' t h:ﬁﬁgcﬁaﬁ%{#?a@ Qa&ﬁl ?’ Sﬁﬁ%'ﬁt ﬂ'éé [k\@éé@& %?
resi stance of gate tfingestisst(604i606|608:61Q) rodmptses oat fiestPgroupl ahtgatepi ng
concentration.g { Layers L Sait AR , é@@ﬁ tly
di ffused duri ngxggﬁngpggg\%@%dqﬁﬁi %aft"lgggd'h?ﬁ!ad@ ﬂypﬁ’?ist ! szpgﬁﬁ:'!ﬁgl de
corner will tedate Jingarss(622) aligped: fnpbiserand idirgctian, Rarpeadicylar t he p+
dopi ng 25 congentheatfirafsdidectipn.corners wll increase, thereby reducing
base resi gtance in the corner areas. If, on the other hand, inplant |ayer
900 inclu open ended stubs (outside corners) '

9. The transistor of Claim 8, wherein the gate feed

network (614,616,618) comprises a perimeter ring (618) and at
least one extending feed finger (614), the extending feed finger
(614) feeding the first group of gate fingers (620) and the

15 perimeter ring (618) feeding the second group (622) of gate
fingers.

10. A transistor comprising:
a plurality of source regions (112) interspersed in a
20 plurality of paraliel aligned gate fingers (604,606,608,610);
a single metal level (700) providing electrical contact to
both the plurality of source contact regions (112) and the
plurality of gate fingers (604,606,608,610), the plurality of
source regions (112) being contiguously electrically coupled;
25 and
a single external electrical contact (710) contacting the
plurality of source regions (112) via a portion of the single
level of metal (704).

30 11. The transistor of Claim 10, wherein the plurality of
gate fingers (604,606,608,610) comprises a first group of gate
fingers (620) aligned in a first direction and a second group of
gate fingers (622) aligned in a second direction perpendicular
to the first direction.

[
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the P+ inplant would thin out as it diffused. The di m nishing P+ inplant
woul d i ncrease base resistance, tending to cause 30 device failure in the
i sol ated areas where the P+ inplant thins. By nowit will be appreciated
that a transistor has been provi ded which can provi de the-advant ages of
efficient and effective device |ayout, inproved energy, breakdown voltage,
1 3 lower on-resistace, |ower capacitance1?nd hi gher packing density. Wile
we have shown and described specific illustrative enbodi nents of the

present invention, furth | £ ' Loy, will occur to
those skilled in the art?ﬁyg&gkihféxhﬁgfgénﬂﬁ@ﬂﬁngﬁgéggﬁahérefore, t hat
this invention is not limted to the particular fornms shown and we intend
in the appended clains to cover all nodifications that do not depart from

the spirit and scope of this invention. 10 1 4 CLAAMS 1. A transistor
conprising: a vertically stacké&bsteadtcoddthe oDiscdosuteur e (100)

5
A transistor (200) comprises a single, common base

region (202). One or more source regions (112) are formed in
the base region (202). One or more gate regions (120) overly
the common base (202) and the source regions (112). In an

10 alternate embodiment, the gate regions (320) have a raised
central portion (321). In yet another embodiment, certain
source regions (402) are cross connected (404). Additionally, a
polysilicon pattern (602) may be used which provides a gate
finger feed network (614, 616,618), and gate fingers (604, 606,

15 608, 620) having length less than one half of the longest die
dimension.

FIG. 2 accompanies this abstract.



5 conprising a first surface (118) and a second surface (122) parallel to
the first surface (118), the transistor configured to conduct current from
the first surface (118) to the second surface (122); a single commobn base
region (202); and 10 one or nore source regions’(112) conprising a
first mterial, the one or nore source rggi ons formed in the single conmon
base region (202), wherein certain adjac n{ bnes of the one or nore source
regions (112) are cross-conneqb (404) with the first material. 15 2. A
transi stor conprisind2G ........ region (202); one or nore source
:Tg?ieons (112)_{1(g‘sre\q%h§rhn Comio o‘? e rgf'hon (202); and 20 one or
gate regi onsL(1ZO0Ndvery yvi 1g T h anhoh base region (202) and the one
or nore sourqésrgjgrl_s_\glli Awherein edag &f the gate regions (120)
conprises an ongat ed gat& fbager (320))havi ng a_cross-section, the
cross-section Raying a/cay)a tion (B21) and_Zddd €owtiond (322), and
wherein the 25 ¢entra C@ortiolﬁ? > 3 ﬁicker than the edge portions

(322). 3. The tfamf8¥or of clai @8 f r condOi®ing a pre- gate
i npl ant | ayer (3p6)—benreath—the—one—or—rPre gate regions (320), the
pre-gate inplant\layer (326) discontinuogshin areas 30 beneath the central
(321) portions of - tThe gate tEgrons. 4. T2 transistor of claim2, wherein
certain adjacent ones ofi2Be’ one or nore source regions (402) are cross
202 (204
112 __3 112
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connected (404). 11111211 111211 111211111121111 155 Avertical
transi stor conprising: a comon striped base region (202); a plurality of

el ongat ed source regions (510) conprising a 5 first doped nmaterial, the
plurality of source regions (510) formed in t'he common striped base region
(202), certain adjacent ones of the source regions (510) being cross-
connected (512) with the first doped naterial; and one or nore gate fingers
(120) overlying the common 1 0 striped Hade region (202) and the one or
nore source regions (510). 6. The vertical transistor of claim5, wherein
each of the I j i 5
(321) and edge portions (322), the central portion (321) being higher tHhan
the edge porfions (322). 7. A transistor conprising: a sem conductor di
(600) havi ngla | engt h4&@d~a 20 wi dt h; a‘b@ﬂggr ned gate reg(i‘élﬁ)z 602)

conpri si ng al\pl yratity—ofggatq fi ngers—<{664; 8, 610)—tihe—patterned
expds| pg a-prurat+ty of] [4qurcé— reglbhf (112); |a

gate region ( £
gate feed netpwork (614]6[6, 618

N
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25 : each of the plurality of gate fingers (604, 606, 608, 610)
having a gate finger length which is a distance froma furthest point on
the gate finger to the gate feed network (614, 616,618); a single netal

| evel (700) contacting the gate feed 30 network (614, 616,618) and the
plurality of source contact regions (112), the gate feed (614, 616, 618)
network being electrically isolated fromthe plurality of source contact
regions (112), the plurality of sour Ge/cbnt act regions (112) being

contiguously electrically coupled; and 1 6 wherein a naX|nun1gate finger
|l ength is less than one half of the larger of the sen1conducto 8 length
and wi dth. 5602 r—=s; TiTES ansrsx~144 crarmT; rality
of gate fingers_(bo4 gonpri'ses 0 fir gl yroug oF: i ngers
(620) aligned in h f ‘and a secenb—droupof—gate—fingdrs (622)
aligned i n & 8dcopd girection—perpendicul ar to ] 100
The transistor of|C'atm8—wheretrr the gate fedede%ﬂﬁ+k—f6&4—646 18)
conpri ses a peri npt eb—rg {613 —and—at—east—end Ty és
(614), the extend| ngtieediinger—{l4) +eedi-Rg—tHdHrst—group—df Jate
fingers (620) and]thle 1 € 3 —1
I ]t 1 C 1.__q._.___>8
L J 1 1 L }
Ly | J L JL |
/- L J L Jd L ]
620 C 3 I C )
L J1 J L 1
L 1L 1L |
9 E====== 2 -
o—] —
oa— —/3
dc—— —
c— —— | 606
| I J —
, *—626 622 -A 608 626 A
618 - 500
F1G5. 6
802~ ,
=
' 900
804— | ’_7__“_{_;1(},
802 ~= ! o o 602
! o o
2 | ()} o)}
{
: !
( 5 FIG. 9
b 1
/ !
1
b . 1T~804



15 perineter ring (618) feeding the second group (622) of gate fingers.
107 A transistor conprising: a plurality of source regions (112)
interspersed in a 20 plurality of parallel aligned gate fingers

(604, 606, 608,610); a single netal |level (700) providing electrical contact
to both the plurality of source contact regions (112) and the plurality of
gate fingers (604, 606, 608,610), the plurality of source regions (112) being
contiguously electrically coupled; 25 4&nd 4 single external electrical
contact (710) contacting the plurality of source regions (112) via a
portion of the single level of netal (704). 30 11. The transistor of
Claim 10, wherein the PDunaI ty of gate fingers (604, 60676ﬂ81610) conpri ses

a first group Of g_ate |nnnr {R’)n\ :\Ilg_nnd l_n a 'Egrof cl_Lv'r\r\ oR—a d a

second. group of gate flngers g622 aligned in a second dlrectlon
perpendicul ar tq tfEe TSt drrec _)
706~ .-
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