1 SELF- ALI GNED DI FFUSED SOURCE VERTI CAL TRANSI STORS W TH DEEP

TRENCH CAPACI TORS I N A 4F- SQUARE MEMORY CELL ARRAY  BACKGROUND OF THE
- | NVENTI ON Field of the invention The present ‘invention is
directed to densely packed vertical transistors in a 4F square menory
cell, and nethods for making thereof, and nore particularly, to nenory
cell's haviABSTRACEt i gned sources with deep trench capaC|tors formed in
trenches that separate the vertical transistors. Di scussi on of
the Prior Art There is much interest to scale domn.densely packed
sem conduct or devi-ces on an integrated circuit (1C chip to reduce size
and power consunption of the chip, and allow faster operation. In order to
achi eve the hi The pastenninvdationtprovides siratiyryffor usbid an imepratedpfreiitat i ons,
it is crucial to shrink the size of an individual nmenpry cell as nuch as
possi bl e. FI G onjreiied aottw dpeblesfbridgeosivait stmhathaérdlwglmbpe@@ﬂvent i onal
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of wordlines ZDada.rjdstcbd:ﬁombeutg imtcﬂrupred 25. The size of a cell 27 of the
array 10 is 2F by 2F+[err], leading to a cell area of 4F2+2F[err]. F is the
m nimum linewi dth of the feature size that can be patterned with
lithography. 2F is the cell size along the wordline 20, and 2F+[err] is the
cell size along the bitline 25. Typically, [err] is approximtely 0.2F,
resulting in a cell area of approximately 4F[err]+0.4F area achjléguel &
usi ng conventional |ithography. The additional length [err] is necessary to
separate adj acent wordlines 20. FIG 2 - shows a partial perspective view of
the array 10 of FIG 1, and FIG 3 shows a cross sectional view of the
vertical MOSFET 15 along a bitline 25. As shown in FIG 3, the MOSFET 15
has an n[err] source 30 fornmed on a P-doped silicon substrate 35. The "
source 30 is fornmed after etching the substrate 35 to forma vertica

pillar 40, referred to as the body of the *MOSFET 15. The pillar 40 acts as
the transistor channel' and has dinmensions of F by Flerr] as shown in FIGs 1
and 3. -4- As a result of formng

t he source 30 after forntng the pillars 40, the source 30 is forned around
edges of the pillar 40 and is absent .froma region 45 | ocated bel ow the
pillar 40. Thus, the source 30 does not entirely occupy the footprint of
~the pillar 40. As showmn in FIG 2, all the MOSFETs 15 of the array 10 have a
common source 30, |nclud|ng NCSFETs of different bitlines 25 and different
wordlines 20. As shown in FIGs 2-3, the top of each pillar 40 is doped with
" N-type material to formn[err] drains 50 of the vertical transistors 15.

A tunnel oxide 60 is fornmed around the pillar 40 and an oxi de spacer 65 is
formed on-the source 30.  Next, a polysilicon floating gate 70, gate oxide
~ 75 and polysilicon control gate 20 are forned around the tunnel oxide 60. °
Note, control gates 20 of individual transistors along the wordline 20 are
i nter-connected to formthe wordline 20. Because the polysilicon control
gate 20°grows uniformy around each vertical MOSFET 15, the spacing between
MOSFETs 15 of adjacent rows is slightly larger than the feature size F,

e.g., F+[err], where [err] is approxrnat“Ty"O 2F. This separates adjacent.
wor di i nes 20 by anount A, THRSKRt0b ¥ah REGQD 'S 9rown up to a distance of

- 0.5F. This 0.5F thick poly overs the top and sidewalls of the
pillars 40,. as well as th ,lm H"’Hmm"r% | ocat ed on the substrate 35 at
t he base of the pillars 40. - -b-

The 0.5F thick grown pol ysilicon regions at pillar srdemalls separated by
di-stance F, al ong each wordline 20, nerge with each other. This forns the’
wordl i nes 20 around a row of -pillars that are separated by F. However, the
0.5F thick forned polysilicon regions at pillar sidewalls separated by

di stance F+[err] do not nerge. Rather, they remmin separated by the
distance [err]. At the base of the trenches |l ocat ed between these

pol ysilicon covered pillar sidewalls that aré separated by F+[err], the
oxi de spacer 65 is covered with the-0.5F thick pol ysilicon. To separate
adjacent mordllnes 20, a reactive ion etch (RIE) IS perforned that renoves
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