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m.o EFFECT TR.ANSISTOR AND >£TIIOD OF ITS MANUF ACTIJRE 

Background of the Invention 

The~ inv~tion ~lates to field effect tnm&istors, ~particular trench 

DMOS transistors, and methods of their manufacture. 

Power field eft'ect tninaistors, e.g.t MOSFETs (metal oxide semiconductor field 

etrect tmmstors). are well .known ixt the semiconductor industty. One type of MOSPBT is 
a DMOS (double diffused metal oxide semieonductor) transistor. DMOS ~istors 

typically UJdude a substrate OD wbich an epitaxial layer is grown, a doped SOurCe junction, 

a doped hea\IY body, a doped well of the same (per n) doping as the hea-vy body, and a 

10 gate e.tedmde. In 1renched DMOS transistorS the gate eledrode is a vertical trench. The 

heavy body is typically diffused deeper than the bottom of the trenc~ to minimize electric 
field at the bottom comers of the trench aud th~by prevent avalanche breakdown from. 

damaging thp device. The trench is filled with: conductive polysllicon, and the polysilicon 
is generally overetched, to assure 1hat it is completely removed from the surface . . 

1s surrounding the trench. This overetching genentlly leaves a recess between the top of the 

polysiliconand the surface ofthe semiconductor substrate (i.e., the. ~urface of the epitaxial · 

later). 11ie depth of this recess must be carefully controlled so that it is shallower. than the 
depth of the soun:e junctions. If the recess is deeper than the source junctions the source 

may miss the gate. resulting in hi&h en-state resistance, high threshold, and potentially a 
20 non-funclional tmnsistor. 

The source and drain junctions can be doped with either p-typc or n-type 

dopanu; in eitlier case, the body wiU be doped with the opposite dopant. e.g., for n·type 
soun::e and drain the body will be p-type. DMOS transistors in which the source and drain 

are doped with p-type carriers are refened to as "J""Channel''. In p-channel DMOS 
2 5 transistors a negative voltage applied to the transistor gate causes current flow from the 

so~ region, through a channel region of the body. an accumulation region of the 

epitaxial layer. and the substrate, to the drain region. ConYersely, DMOS transistors,, in 



which the source and drain an: doped with n-type carriers, are referred to.as 1111-cllannel". 

In n-dwmel DMOS tnmsist.ors a positive voltage applied to the ttansistor gate causes 

cunent to tlow fiom drain to somce • 

. It is desinible that DMOS tnmsisfors have low source to dtain resistance {RdscJ · 
. .. . . 

s •. when tume4 on and low p~tic ~· The transistor structure should also avoid 

'lnmchthrough". Punchthrough oC.curs when, upon application of a high drain to source 

voitag~ depletion into the body legion extends to the souice region , forming an 

undesirable COJlductive path tbrough the body region when the mmsistor should be off. 

FiDally, the transistor sho\Jldbave good~"• i.~. a high activation cunent is 

10 needed to tum on the parasitiG mmsistor that inheteo.tly exists in DMOS ~istotS. 

Generally a large number ofMOSFBT cells are connected in parallel forming a 

single 1ransistor. The cells may be arranged in a •closed eel.I" configuraii~ in which the 

1reru:hes are laid om iu a grid pattern and the cells ate enclosed on all sides by t=ieh walls. 

Altematively,:the cells lD8.)' be manged in an "open cell• configumtion, in which the 

1:5 trenches are laid out in a "snipe" pattem amt the cells are only enclosed ?11 two sides by 

trench walls. Electric field tennination techniques are used to terminate junctions (doped 

regions) at the periphery (edges) cf the silicon die on which the transistors are fonned. 

This tends to cause the breakdown voltage to be higher than it would otherwise be if 

controlled only by the features or the active transistor cells in the central portions of the 

20 die. 

Summary of the Invention 

The present invention provides field etrec:t transistors that have an open cell 

layout that provides good uni!ormity and high cell density and that is readily scalable. 

25 Preferred trenched DMOS tramistors exhibit low RdsGIP low parasitic capacitance, 

excellent reliability., resistance to avalanche breakdown degradation, and xuggedness. 
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Prefem:d devices also iri6lmfe a field termination that enbanceS ~stance to avalanche 

' breakdown. The invention also fearures a method of making ttench.DMOS transistors. 

In one aspect. the invention features a trenched field effect transistor that . ' 

includes . . 
s (a)' a mmcond~r Substrat~ (b) a =ch extending a predetemrined depth into the 

10 

' semiconductor· substrate. (c) a pair of doped source junctions, positioned on opposite sides 

oftbe trench, (d) a doped heavy body positi~ adj~t each source jun¢on on the 
opposite side of the souroe junction.from the~ the deepest portion of the heavy body 
extending less deeply into said semiconductor substrate than the predetemUned depth of 

the 1mlCh, and (e) a doped well SU1T0unding the heavy body beneath the heavy body. 

Preferred embodimemS inchule one or more of the fonOwhtg features.. The 

doped well has a substantially flat bottom. The depth of the heavy body legion relative 10 

~depths of the" well and the uen.ch is selected~ that the peak electric field, when voltage 

is applied to the transistort will be spaced from the ttencb. The doped well has a depth less 
Than the predetermined depth of the trench. The trench has rounded top and bottom 

corners. There is an abrupt junction at the interface between the heavy body and the well, 

to cause the peak electric field, when voltage is applied to the transistort to OCCW" in the area 
of the intricc. . 

In another aspect, the invention features an may of t.ransistor cells. The may 

20 includes (a) a semiconductor subsuate. (b) a pluraJity of gate-forming trenches arranged 

substantially parallel to each othef and extending in a first direction, the space between 

adjacent trenches defining a contact an:a, each trench extending a predetermined depth into 

said Substrate, the predetcnnined depth being·subsf.antially the same for all of said gate. 

fonning trenches; (c) SU1T0undhlg each trencb, a pair of doped soutee junctions, positioned 
2 s 011 opposite sides of the _trench and ektc:nd.ing along the length of the trench. (d) positioned 

between each pair of gate-funning ttenches, a doped heavy body positioned adjacent each 
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source junction, the deepest portion of each said heavy body extending less deeply into 

said semiconductor substrate than said predetermined depth of said trenches. (e) a doped 

well sumnmding each heavy body beneath the htavy body; and Cf) p+ and n+ contacts 

disposed ;lt the surface of the sermcond'1ctor substrate and arranged in al~tion along the '. . . . 
s : length of the con~ area. . . 

. ' . ~ . 
Pref'eired embodhnents include·ond or more of the following features. The 

doped well has a substantially tlat bottom. The depth of each heavy body region reJative ~o 
1he depths of the wells and the gate.forming ttenches is sele.cted so that the peak eledric · 

field, when voltage is applied to the transistor. will be spaeed from the trench. The doped 
10 wells b&ve a depth less than the predetetmined depth of' the trenches. The 1Ienehes have 

rowided top and bottom comers. There is an abrupt junction at the interface between each 

heavy body and the corresponding well, to cause the peak electric field, when voltage is 

applied t.o the transistor, to occur in the area of the interface. The array also includes a field 

teaminatlon stniCture surrounding the periphery of the may. The field termination 
15 structure includes a well having a depth greater than that of the ~Conning trenches. The 

field ~tion structure includes a termination trench extending continuously 8tound the 
periphery of the array. more preferably a plurality of concentrically manged termination 
trenches. 

In yet another aspect, the invention features a semi.conductor die that includes 
20 (•) a plurality of DMOS transistor cells arranged in an may on a semieonductor 

substrate, each DMOS transistor cell including a gate-fonning trench, each of said gate­

fonning trenches having a predetennined depth, the depth of atl of the gate-forming 

trenches being substantially the same; and {b) SWTOunding the periphery of the may, a 

field tennination structure that extends into the semiconductor substrate to a depth that is 

25 deeper than said predetennined depth of said gare-fomiing trenches. 

Preferred embodiznents include one or more of the following features. 
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The field termination struCt'ure includes a doped ~ell The :fieid tennination structure 

includes a tennination trench. The field tennina!ion structure includes a plurality of 

conc:entrically arranged tennination tren~hes. Each of the DMOS transistor QCUs further 

comprises a doped heavy body and the doped heavy body extends into the 

. - s . · ~con~r substrate to a depth~ is less than the predetermined' depth of th~ g8ie.. 
fonning trenches. · 

1be in'\'ention also- featu:es a method of making a heavy body sttucture for a 

1renehed DMOS transistor including (a) providing a semicondUctor substrate; (b) 

implanting into a region of the substrate atirstdopantatafirstenergy and dosage; and (c) 

10 subsequently implanting into .said legion a second dopant at a second energy and dosage, 

said second energy and dosage being relatively les than saidfitst energy and dosage. 

Preferred embodiments include oaie or more of the following features. 

The first and ·second dopams both comprise boron. 1be first energy ls from about ISO to .. 
200keV. The&stdosageisfrom about lEJS to 5Bl5. The second energy isftom.about 

15 20 to 40 keV. The second dosage is tiom about IE14 to lElS. 

Addi~Iy. the.invention features a ~ethod of making a source for a 

trenched DMOS transistor including (a) providing a semiconductor substrate; (b) 

implanting into a region of~ substrate a fust dopant at a fir.st energy and dosage; and · . 

(c) subsequently implanting into the region a second dopant at a second energy and dosage, 

20 · the second energy and dosage being relatively Jess than the first energy and dosage. 

Preferred embodiments.include one or more of the following features. The 

· first dopant comprises arsenic and the second dopant comprises phosphorus. The first 

energy is from about 80 to 120 keV. The fast dosage is from about SElS to 1E16. The 

second·en=v is :from about 40 to 70 keV. The Se<;ond dosage is from about lEl S to 

25 SEIS. The resulting depth of the source is from 8!'out 0.4 to 0.8 µm in the finished DMOS 

transistor. 
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In another~ the invention .features a method of manu&cturing a trenched 

field effect ttansistor. The method incltides {a) fo.nning a field r.emiination junction around 
the perimeter of a semiconductor $Ubstrate. (b) fonning an epitaxial layer on the 
~11ductor substrate, (c) _patterning~ etching a plurality of trendies into the epitaXial · 

· s iay~ri (d) depositing polysilicon ~fill the·trenches, (e) doping the Polysilioon with a . .. . . .· . 
dopant of a first type. (f) patterning the substrate and implanting a dopant of a secand.. . 
opposite type to form a plumllty of wells inteiposed between adjacent 1l'enChes, (g) 

pat1mnhig the substtate and implanting a dopant of the second type to form a 
plurality of second dopant type contact areas and a pb.nlify' of heavy bodies positioned 

10 above the wells, each heavy body having an abrupt junction with the corresponding well, 
(h) pattmling the substrate and implanting a dopant of the first type to provide source 
regions and fimt dopa.ttt type conmct areas; and (i) applying a dielectric to the sur1ilce of the 
semiconductor substrate and patterning the dielecflic to expose electrical contact aress. 

Other features and advantages of the invention will be apparent &om the 
15 following detailed description, and from the claims. 

Brid'Description of1he DrawiQgs 

Fig. 1 is a highly enlarg~ schematic perspective cross-sectional view showing 
a portion of a cell may including a plurality ofDMOS tramistors according to one aspect 

20 of the invention. The source me:taI layer and a portion of the dielectric layer have been 
omitted to show the underlying layexs. Figs. 1 a and lb are side cross":'sectional views of a 
single line of transistors &om the array of Fig. l, taken along lines A-A and B-B, 
respectively. In Figs. la and lb the source metal and dielectrlc layers are shown. 

Figs. 2 is a highly enlarged schematic side cross-sectional vi~ of a 
2 s semiconductor die showing a portion of the ~ll ariay and the field termination. 

Fig. 3 is a tlow diagram showing the photo mask sequence of a preferred 
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process for fmming a trenth DMOS transistor ofFig. 1. 

Figs. 4-4k are schematic side cross-sectiooal views showing the individual 

steps of tho ptoeeSS diagrammed in Fig. 3. The figure numbers for the detailed Views in 

Figs. +4k are shown parenthetically under the ®rresponding ~boxes in Fig. 3. 

s Figs. S and Sb are ~ resistance profile graphs. reflecting the dopant 

· · concentration distribution at different regions of the transistor. 

Description of' the Pref"erred Embodiments 
A cell array 10,, including a plmlity of toWS 12of1reDChed DMOS 1ran!listors, 

10 is shown in Pig. 1. Cell array 10 has an open cell configuration, i.e.t trenches 14 nm in 

only one dire'ction, J3ther than forming a grid. Individual cells am fanned by alternating 

n+ source contacts 16 and vt- contacts 18 in rows 20 tbal i:un parallel to and between 

1renCbes 14. The configuration of the regions of each row that have an n+ source contact 

are shown in cross-section. in Fig. la, while~ regions that have a p+ contact arc shown in 

15 Pig. lb. 

As shown in Fi.gs. la and lb, each trenched DMOS ttSnsistdr includes a doped 

n+ substrate (drain) layer 22. a more lightly doped n· epitaxial layer 24, and a gate 

el~ 28. Gate electrode 28 comprises a conductive polysilicon that fills a trench 14. 

A gate oxide 26 coats the walls of the trench and underlies the polysilicon. The top surmce 
2e of the po1ysilicon is recessed from the sur13ce 30 of the semiconductOr substrate by a 

distance R (typically from about 0 to 0.4 µm). N+ doped source regions 32a. 32b are 

positioned one on each side of the trench 14. A dielectric layer 3S covers the trench 
' 

opening and the two soUtee regions 32a, 32b. Extending between the sowce regions of 

adjacent cells is a p+ heavy body region 34 and. beneath it, a fiat-bottomed p-. well 36. In 

is the areas of the cell may whl.ch have an+ contact 16, a shallow n+ doped contact region 

extends between then+ source regions. A source metal layer 38 covers 1he surfa= of the 
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The transistor .shown in F"igs. I a and lb includes sevcml features' that enhance 

tht: ruggedlJCSJ of the transistor and its resistance t.o a~che breakdown degradation. 

"Fim, the d~ of the~ heavy body region 34 ~,,e to the depths of~ 
s . · trencli 14 and the flat bottom ~f th~ p.. well is selCcted so that 1he peak electric field when 

voltage is applied r.o the 1ransistor will be appoximately balfWa.y between adjacent 

1renehes. The prefeaed relative depths of the p+ heavy body, the p-well and the trench are 
diffenD: for diiferent device layouts. However. preferred relafive depths can be readily . 
detmmin.ed empirieally (by observing the location of peak electric field) or by finite 

1 o element analysis. 

Second, the bottom comers ~the trench 14 are rounded (preferably. the top 

comers are also munded; this fuature 1$ not shown). Corner rounding can be achieved 
I 

using the process descn'bed in eopending application U.S. Serial No. ~Ff??~ ltr''7 , filed on . . . 
October 28, 1997. The rounded cametS of the trench also tend to cause the peak electric . 

is field to be moved away from the trench comers and towards a cen1ral l~on between 

adjacent 1renclies. 

Third, an abrupt junction at the interface between the p+ heavy body and the P"" 

well causes the peak electric field to occur in that area of'the intemcc. Avalanche 

multiplication initiates at the location of the peak electric field, thus steering hot carriers 

20 away from the sensitive gate oxide and channel regions. As a result. 1his structure 

im~ves reliability~ avalanche ruggedness without sacrificing cell density u much as a. 
deeper heavy body junction. This abrupt junction can be achieved by the double doping 

protess that will be descn'bed below, or by other processes for fanning abrupt junctions. 
many of which are known in the semiconductor field 

25 Lastly~ refer.ring to Fig. 2. the cell may is SUifOunded by a field termination 

junction 40 which incz:eases the breakdown voltage of the device and draws avalanche 
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current away trom the ce1i may to the peripheey of the die, Field temrlnationjunction 40 

is a deep p+ well. prefembly from abour 1 to 3 Jim deep 11 its deepest .point that is deeper 
than the p+ heavy body regions 34 fn order to .reduce the el~c field caused by the 
junction .cU1'Vature. A preferred process for making the above-descn"bed transistors is shown· , 

• • I -

. s as·~ flew diagral_u iii Fig. 3, ~ the·.individual steps are shown schematically in F~gs. 4-4k. 
It t. noU:d that scmc: steps that are conventional or do not require illustration are described 
below but not shown in Pigs. 4-4k. A3 indicatt;d by the mows in Fig. 3. and u will be . 

discussed below, the order of the steps shown in Figs. 4-4k can be varied. Moreover, some 
of the steps shown iu Figs. 4-4k are optionalt as will be discussed. 

10 · A semiconductor substrate is initially provided. Prefembly, the substrate is a. 

l.5 

N++ Si substrate, having a smndard tbiclaless, e.g., 500 µm, and a very low remtivity,. e.g., 

0.001 to O.OOS Ohm-cm. An epitaxial layer is deposited onto this substrate. as is well 

kµown. preferably to a thickness of :from about 4 to 10 Jim. Preferably the resistivity of the: 

epitaxial layer is ftom about 0.1 to 3.0 OJ:ttn-cm. 
Next, the field tenni:aalionjunction 40 js fonned by the *PS shown in Figs. 4-

4c. (n Fig. 4, art oxide layer is fanned on the surface of the epitaxiat layer. Preferably, the 

thickness of the oxide is from about S to l 0 kA. Next, as shown in Fig. 4a, the oxide layer 
is patterned and etched to define a mask, and the p+ dopant is introduced to fonn the deep 

p+ well field termination. A suitable dopant is boron, implanted at an energy of from 

20 about40 to 100 keV and a dose oflE14 (lxl014
) to lE16 cm~. ru shown in Fig. 4b, the 

p+ dopant is then driven further into the substrate, e.g .• by diffusion. and a field oxide layer 

is formed over the p+ junction. Preferably the oxide thickness is from about 4 to 10 kA. 
Finally, the oxide (Fig. 4) over the active area oithe substrate (the area where the cell anay 
will be bmed) is patterned and removed by any suitable etching process, leaving only the 

25 field oxide in suitable.areas. Th.is leaves the substrate ready for the following steps that 

will fonn the cell array. 

- 9 -

I THIS SHEET HAS BEEN , 
\ REPLACED 
\... ..• -·--·------



It is noted tliat, iSa an alternative to steps +4c. a suitable field tennination 

structure can be fonued using a ring~shaped ttench which surrounds the periphery of the 

cell may and acts to lessen the electric field and increase th~ resistance to avalanche 

breakdown degradation. This trench field termination does not require a field oxide or 

. s . deep.p+ body j~o~ to be e.ft'e~ Consequently. 4 can be used to .e the qumber 

of process step$. Using a trench ring (or multiple co~tric trench rings) to fonn a field 

termination is described in, e.g~ U.S. Patent No, S,430,324, the full disclosure of which is 

hereby imxxporated herein by reference. Prefefably, the trench: would have substantially · 

the smne depth as the trenches in the cell may. 

10 • The cell anay is formed by the steps shown in Figs. 4d4k. First, a plurality of 

trenches are patterned and etched into the epit.axial layer of the substrate (Fig. 4d). 

Preferably. es noted abo~ the trenches me formed using the process descn'bed in 

copending application U.S. Serial No.cStl§'ilf[ so that the upper and lower col'11e?s of each 

trench will be smoothly rounded. As shown in Fig. 1 and described above, the trenches are 

15 patterned to nm in only one direc1ion. defined as an open cell ~tuie. After trench 

formation, a gate oxide layer is formed on the 1rench walls, as is well known in the 

semiconductor field. Preferably the gate oxide has· a thickness of from about 100 to 800 A. 
Next. as shovvn in Fig. 4e, polysilicon is deposited to fill the trench and cover 

the surface of the substrate, generally to a thickness of from about 1 to 2 µm depending on 

2 o d°le trench width (shown by the dotted lines in Fig. 4e). This layer is then planarized by the 

nature of its thickness relative to the trench width, typically from about 2 to S kA (indicated 

by solid lines in Fig. 4e). The potysilicon is then doped to n·type. e.g., by conventional 

PO~ doping or by phosphorus implant. The backside of the wafer need not be stripped 

(as is conventionally done prior to doping the polysilicon to enhance defect gettering ) 

2 .5 because any further doping of the highly doped substrate would be unlikely to result in any 

enhancemertt in defect gettering . 
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The polysilic6h. is then patterned wirh a.photoresist mask and et.ched to remove 

it fium the trench arras, as shown in Fig. 4.£ A .small recess between.the top of the 

polysilicon in the trench and the substrate surface inb=ntly results when the i>olysilicon is 

etched completely 1o remove all of the polysilicon from the substrate surface. The depth of . · 

. ·5 . . · this recess ~ust 1_,e c:ontrolied so that it dpes not exceed tJie depth of .the ii+ source j~on 

that will be formed iii a later step. To reduce the need to carefully control this aspect of the 

process, a relatively deep 11+ source junction is formed, as will be·discussed below. 

Then, as shoWJJ. iu Fig. 4g. the p- well is formed by implanting the dopant, e.g.~ 

a boron i&nplant at an energy of30 to 100 keV and a dosage of 1EI3 to lEl 5, and driving it 

lo in to a depth of from about 1 to 3 µmusing conventional drlvc in techniques. 

The next two steps (p+ heavy body foxma1ion) can be performed either before 

fonnation of then+ source junctlou. or afterwards. as indir.ated by the arrows in Fig. 3. P+. 

heavy body fonnation and n+ source junction f~rmation can be perfomied m either order 

because they are both resist-masked steps an.cl because there 1s no diffusion step in 
' 

is between. This advantageously allows significant process flexib.ilby. The p+ heavy body 

ibnnation Sl'eps will be desoribed below es being ~rfonned prior to sol.U'Ce fotmation; it 

will be understood that n+ source formation could be performed first simply by changing 

the order of the steps discussed 9efow. 

Fir:st, a mask is formed over the areas that will not be doped to p+. as shown in 

20 · Fig. 4h. (It is noted that this m&sking step is not required if the p+ heavy body is formed 

latef. after the dielecttic layer has been applied artd patterned for contact holes. (see Fig. 4k. 

below) so that the dielectric itself provides a mask.) As discussed above. it is preferred that 

the junction at the intertace between the P" well and the p+ hea'V)' body be abrupt. To 

acx:omplish this, a double implant of dopant (e.g., boron) is perfonned. For example, a 

25 prefctted double implant is a first boron implant at an energy of 150 to 200 keV and a dose 

of lElS to SE15, and a second boron implant at an energy of 20 to 40 keV and a dose of 

11 
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1El4 to lBl 5. The hisft enel'gf first implant brings the p+ heavy body as deep as possible 

into the substrate, so that it will not compensate then+ source junction to be introduced 

later. The second, lower energy/lower dose implant extends the p+ heavy body fratn the 

~eep region fonned during ~e first imp~ up to the substrate sUrrace to provide the p+ 

5 Coiltict 18. The resulting p+ heaVY. body junction is prefeiably about 0.4 to 1 µm deep at · 
,. ,.. ' I .~ ' 

10 

this stage of the process (final junction depth after drive-in is preferably about 0.5 fo 1.S · . 
µDi deep), and includes a region of high dopant concenfl'ation near the interiaee with the p-

well, and a region of relariveJy low dopant eonceniration at the contact surface of the p+ 

heavy body. A preferred concentration distnaution is shown in Fig. s. · 
It will be appreciated by those skilled in the art fllat the abrupt junction can be 

fonned in many other ways. e.g •• by diffUsed dopants, by using aeontinuous dopant so~ 

at the surface or by using atoms that diffuse sl~wly. 

After the formation of the p+ heavy body, a conventional resist strip process is 

perfonned to remove the mas~ and a new mask is pattemed to prepare the substrate for the 

15 fonnation of then+ source junction. 'Ibis mask is an+ blocking mask and is pattemed to 

(:Over the areas of the substrate surface whk:h are to provide p+ contacts 18 (FigS. l and 

20 

1 b), as shown in Fig. 4i. This resulm in the fonnation of alt.emating p+ and n+ contacts 

after n-type doping (see lines A·A and B·B and cross-sectional views A·A and B·B in Fig. 

41, which correspond to figs. laand lb). 

Then+ source regio~s and n+ contact arc then.fanned.using a double implatlt. 

For example, a preferred double implant process is a first implant of arsenic at an energy 

of 80 to 120 keV and a dose of SElS to lEl 6 followed by a second implant of phosphorus 

at an energy of 40 tD 70 keV and a dose of lElS to SElS. The phosphorus implant fomis a 

relatively deep n+ source junction, which allows more process flexibility, in the depth of 

25 the polysilicon recess, as cfucussed above. Phosphmus ions will penetrate deeper into the 

substrate during implant and also during later difii.lsion steps. Advantageously, the n+ 
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source regions will have a depth of about .o.4 to 0.8 µm after diftllsion. :inc arsenic 

implant extends the~+ source to the substrate sumce, and also fonns then+ contacts 16 

(see Figs. 1 and la) by COJnpensatlng (converting) the p-type surface of the p+ heavy body 

to n-t:ype in 1he desil'ed oontact area.. The preferred sheet resistance profiles for the n+ 

· s · source along the edge of the trench; .and then+ contact are shown in Figs._ Sa and Sb, 

· · respectivdy. 

Thus, the alternating p+ and n+ contacts 18, Ic5, shown in Fig. 1 are fonned by 

patreming the substmte with appropriate masks and doping with the first p+ implant and 

the second n+ implant, respectively, as descn"bed above. This manner of fodning the 

io alternating contacts advantageously allows an open cell array having a smaller cell pitch 

than is typical for such arrays and thus a higher cell density aDd lower Rds4111• 

is 

Next, a conventl"onal n+ drive is perfonued to. activate the dopants. A short 

cycle is used. preferably 10 min at 900°C, so that activation occurs without excessive 

ditlilsion.. 

A dieJec1ric ~ e.g .. borophos~ silicate glass (BPSG), is then 

deposited over the entire substrate surface and flowed in a conventional ·manner {Fig. 4j), 

after which the dielectric is pattem.ed and etched {Fig. 4k) to define electrical contact 

op,enings over then+ and p+ contacts 16, 18. 

· As noted above, the p+ heavy body implant steps can be performed at this 

20 point, if desired (rather than prior ton+ source fonnation), eliminating the need for a mask 

and thus reducing cost and process time. 

Next, the dielectric is reflowed in an inert gas. e.g., a nitrogen purge. If the p+ 

body has been implanted immediately prior. this srep is required to activate the p+ dopant 

If the p+ body was implanted earlier, prior to then+ drive, this step can be: omi'lled if the 

2s dielectric surface is suf§r:im!ly ma20Wpd around ths contact opeftiftg1. 
The cell array is then completed by conventional metalimtion, passivation 
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deposition and alloy stepS, di is well know in lbc semiconductor tield. . 

Other emboaunents are within the claims. For example, while the description 

above is of~ n-cbannel tnmsistor, the processes of the invention could also.be \JSCd to . . 
form a~ transistor. To accomplish this, "p" and "n" would simply be reversed in 

• I t t 

5 ·the above ~ption, i.e., wh• ':'p" doping is specified above the region would be "n" . . 
doped instead, and vice versa. 

What is claimed is: 

- 14 -
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Claims 

l 1. ·NJ. array of tl1nSistor cells comprising: 

2 a semiconductor substn.tei . 

3 a. plurality of gate-forming trenches arranged substantially parallel to each other 

4 and exteitding in a first direction, the space between adjacent tnmches defining a contact 

s area, each ixeach. extending a ptedetemlined depth into said substrate, the predetermined 

6 depth being su~~ally the same for all of sa1d gate-fonnhlg trenches; 

1 SU1T0und.fng each~ a pair of doped soutee junctions, positioned on 

s cppoaite sides of tM trench and extending along the length of the n:encii; 
9 · positioned between e!cb. pair of gate-fonnmg trenches, a doped heaV)' body 

10 positioned adjacent each source junction. the deepest Portion of each said heavy body 

l l extending. less deeply into said semiconductor subs1rate than said pt'edetermined depth of 

12 said trenches; 

13 a doped well surrounding each heavy body beneath the heavy body; and· 

14 p+ and n+ contacts disposed at the surface of the semic;onductor substrate and 

15 Bm111!Jed in alternation along the length of the cont.act area. 

l 2. The a.nay of tramistot cells of claim 1 wherein each said doped well has a 

2 substantially flat bottom. 

-15..:. 
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1 3. The may of ttaaSistdr: Q:Us of claim l wb.erein ·the deptft of each heavy body 

z region relative to the depths of the wells and the gate.forming trench.es is selected so that 

3 the peak electtic field when. voltage is applied ta the transistor will occur approximately 

4 halfway between adjacent gare~fomtlng tten.ehes. 

. . 
l 4. The may of transistor cells of cl2im l wherein each said doped well has a 

2 depth leis t1mn the~ deptll of said p .. formm.g trenches. 

1 s. The may of transistor cells of claim l ~erein each said gare.,forming trench 

2 has rounded top and bottom comers. 

l 6. 'The am.y of ttmlSistor cells of claim l wtie= tbere is an abruptJunction at 

2 ~ ~ betweeu the heavy body and the well, to c:aUse the peak electric field when · · 

3 voltage u applied t.o the ttamistor to occur in the area of the interiice. 

1 7. The anay of transistor cells of claim 1 further comprising a. field ter.m.ination 

2 structure sumiundini the periphery of the array. 

i a. The array of transistor cells of' claim 7 wherein said field tennination structure 

2 · comprises a well ha~g a depth greater than that of the gate-:-fomting trenches. . . 

· l 9. The anay of tracsistar cells of claim 7 wherein said field tennination structure 

2 comprises a termination trench extending continuously around the periphery of the may. 

l 10. The attaY af tmnsistOr cells of claim 9 Wherein said field termination mucture 

1 comp~ a plurality of coucenlrlcally arranged temtlnation trencb.es. 
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i 11. A semi~ductor die comprising: 

2 a plurality of DMOS transistor cells arranged in an array on a semiconductor 

3 ~each DMOS 1ransistor cell including a gate-foiming trench, each of said gate-

4 ~~trenches having a pre<!~ depth. the depth of all of the ga~fo~g 

.~ · itenches being substantially die same; .and 

• G SUll'Ounding th~ periphery of the may, a field termination~ that·· 
.. 

: 

1 extends into the semicondUctor subs1mte to a depth that is deeper than said predetem.Uned 

a depth of said gat.e-formmg trenches. 

l 12. The semiconductat die af claim l l wherein said field tmninatlon structure 

2 comprises a. doped well. 

l 13. The semiconductor die of claim 11 wherein said field termia.ation structure 

2 compnses a tennimtiOll trench. 

1 14. The semiconductor die of claim 13 wherein said field termination strUcture 
2 comprises a plurality of concentrically manged termination trenches. 

1 lS. The semiconductor die of claim 11 wherein each of said DMOS transistor 

2 . cells further comprises a doped heavy body and said do~ heavy body extends into said 

J semiconductor substrate to a depth that is less than tbe predetermined depth of said gate~ 

4 forming trenches. 

l 16. A method of manufacturing a treQched field effect tl'allsistor comprising: 

2 formmg a field termination junction around the pcrlrneter of a semiconductor 
3 subsrrate; 

4 funning an epitaXial layer on tht: semiconductor substrate; 

s patterning and etching a plurality cf 1l"=ches into the epiwdal layer; 

6 depositing polysilicon to fill the trenches; 

1 doping the polysilicon with a dopant of a first type; 

a patterning the substrate and implanting a dopant of a second. opposite type to 
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9 fonn a plurality -of welts inte~§ed between adjacent trench~; 

io patterning the substmre and implanting a dopant of the second typC to form a 

11 plurality of second dopant type contact areas and a pb1tality of heavy bodies positioned 

12 above the wells, each heavy bQdy having an ab~junction with the corresponding well; 
I 0 t '" • 

lJ patterning the sitbstrate and implanting a dopant of the first type to pr;ovidc 

14 ~titce tegions mi first dopant type contact areas; and 

15 applyi.na a dielectric tD the s1.lrl8ce of the semiconductor substrate and patterning 

1 s the dielectric to expose elec1rical contact ~-

l 17. The method of manufacturing a trenched field effect transistor bf claim 16 

2 wherein the trenches are patterned t.o extend in one direction and be substantially parallel to 

3 each other. 

l 18. The method o( manufacturing a 1renched field effect transistor of claim 16 

z wherein the patteming and implanting steps further comprise arranging ~ first dopant 

3 type contact areas and second dopant type contact areas in alternation and extend linearly 

4 between adjacent trenches. 

1 19. , The method of manutacturlng a trenched field effect transistor of claim 16 

2 wherein the implanting step for foxming the heavy bodies comprises implanting a first 

3 dopant at a first energy and dosage and a second dopant at a second energy and dosage, the 

4 second energy and dosage being relatively less than the nm.energy and dosage. 

1 20. The method of rnmufacttuing a trenched field effect 1ransistot of claim 16 

2 wherein the implanting .step for fotming the sourcc regions comprises implanting a first 

3 dopant at a first energy and dosage and a second dopant at 'a second energy and dosage, the 

111111m 1111r1 1111J 11111111111 
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4 second energy and dosage being celatively less than the fust energy and dosage. 

1 21. The method of manufacturing s.1renehed field effect transistor of claim 16 

· 2 wherein !he ~bodies are formed prior to fOmling the sautee regions. 

l 22. The method of manufactUri.ng a trenched field effect transistor of claim 16 

2 wherein the source regions are farmed prior~ the heavy bodies. 

1 23. The method of manufacturing a trenched field effect tramistor of claim 16 

2 wherein~ field tmnhlatkin is formed by forming a ttet\Ch ring. 

l 24. The method of mmumclUring a. trel1Ched field effect ttansistor of clalln 16 
2 wherein said f!eld termination is fonned by fanning a deep well doped; with a dopant of the 
3 second dopant type. 

l 2S. The method of ananu&cturing s. trenched field effect traxisistor of claim 16 

2 wherein said dielectric is applied before the steps of fanning the heavy bodies and second 
J dopant type contacts. and the dielectric provides a mask for the patteming of the heavy .. 
4 bodies and second dopant rype contacts. 
·5 
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