;e3e/jp/gjjknm nmo6oTpN V' v Sem conductor nenory having an arrangenent of
menory cells The invention relates to a sem conduct or nennrmmh in
|

avi ng an
arrangenent of menory cells which are connected to first SM "@Hmmﬂmmmt run
parall el to one another, and to second |ines, which run pa

anot her and perpendicular to the first lines, and each have a stopage
capacitor and a vertical selection transistor, within the arrangenent of

nEm”yCe”ﬁmﬁ&ﬂ&&%&@Ha&@W%éﬁW&%ﬁ%ﬂ&dﬁ%@ﬂpéﬁ%&& daaing
between a first line and a second line. In particular, DRAMS (dynam c

random access nenories) or other volatile sem conductor nenories are
constructed in this way. They have a nenory cell array, whose nenory cells

Cransi ot or TEROR UL G 14 ot By W s TR (PO bl o a

transi stor.
bit line) and a second line (e. g. a word line) running perpendicular to

the first |35@ngfEetthe s RTNMEGDS St &t BPETET AP thesf ectri cal
potentials on the first and/or the second line, 20 it is possible to swtch
the sel éctilodmas,andiisttorsurspaneatled der taian apsditdan,y afd drargedsh f | ow
into or out of the storage capacitor. Selection transistors are usually
desi gned asliMaSFEER&hizhh (ret gdaredildel semaendusitdre f isaldl-peffeotdicular
transistors), the
to the first lines, and each have a storage capacitor and
a vertical selection transistor, within the arrangement of
memory cells a memory cell being connected to each
10 crossover point between a first line and a second line.
In particular, DRAMS (dynamic random access memories) or
other volatile semiconductor memories are constructed in
this way. They have a memory cell array, whose memory
cells each have a storage capacitor for storing charges
15 and a selection transistor. Each memory cell is addressed
by a first line (for example a bit line) and a second line
(e.g. a word line) running perpendicular to the first line
over the semiconductor substrate. By altering the
electrical potentials on the first and/or the second line,
20 it is possible to switch the selection transistor, so that

a certain quantity of charge can flow into or out of the

storage capacitor.

Selection transistors are usually designed as MOSFETs

25 (metal oxide semiconductor field-effect transistors), the

TUUUUULT
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2 first source/drain electrode of which is connected to a bit line and the
gate el ectrode of which is connected to a word |ine. The second
switch/drain electrode | eads to the storage capacitor. In view of the

i icreasing integration 5 density of future sem conductor nenories, the
selection transistors are preferably desi gned as vertical transistors whose
two source/drain el ectrodes are arranged one above the other vertically

with respeci 1o LG SUDRIALE SUdAGGe A% A esHlly ddg salagtion
m ni na Th the' case of

transistor 10 requires only a substrate base area.

vertical selection trapsistors th ate electrqde is arranged ip .a manner
only slightiy* offsetdt ttéTeaqueangL%?t%cheerﬁﬁ éd%ﬁcé}/ds tf:e‘%’?/fgeecritet &1 vid
source/drain el ectrodes of the transistor. Planar selection transistors by

contrast, I®%thosd% et R &\ rEhGER Imtereg 5P drexteads dire Hifot her on
the substrate surface require a significantly |larger substrate base area.
Despite thestigmad caRadiclr selrection af anfy sitrorsesaging 200t egegriatn on
density of a sem conductor nenory cannot be increased arbitrarily since a
m ni mumbw didnoftbidf | iumsreanemiorahduatesre insenmeciess,artyh e s elcoouinin of
defracti on phenonena during |ithographic patterning and since, noreover,
the storage eapaidtars fore exanid il  renchyrdd capasddtdiicar equires a certain

substrate base area in order

transistors whose two source/drain electrodes are arranged
one above the other vertically with respect to the
substrate surface. As a result, the selection transistor

10 requires only a minimal substrate base area. In the case
of vertical selection transistors the gate electrode is
arranged in a manner only slightly offset laterally and at
a central level between the two source/drain electrodes of
the transistor. Planar selection transistors by contrast,

15 whose electrodes are arranged laterally next to one

another on the substrate surface require a significantly

larger substrate base area.

Despite the use of vertical selection transistors, the
20 integration density of a semiconductor memory cannot be
increased arbitrarily since a minimum width of bit lines
and word lines is necessary on account of defraction
phenomena during lithographic patterning and since,
moreover, the storage capacitor for example a trench

25 capacitor, requires a certain substrate base area in order



3 to be able to store sufficiently high quantities of charge. Al though the
storage capacitors that are usually designed in the formof a deep trench
have a very high aspect ratio and extend very deep into the substrate, 5

| eakage currents nonetheless |lead to a rapid escape of stored quantities of
charge precisely in the case of volatileg sem conductor menories, so that,
in order to increase the capacitance, the | argest possible base area is
chosen for a gyri storage capacitor in the lateral 10 direction as well.

Ther ef or e, T DHaL Sara T %h & hferdit "ddpadiitdy SUddiigSatl y det er mi nes

the integration density of a sem conductor nmenory. In the cell array of a
sem conduct@ra ity thstusiaddiel 5 tedpad (GarR drte iy rididedranitsvarldgard to
t he base area of the sem conductor substrate, in direct proximty to the
crossover pagitgrizet vieerthehe duint e@f ianelesapd e ckorhaiid e watviychhigddr ess t he
rel evant nenory cell. In accordance with the network-type arrangenent of
mutual |y parsgddd ditdi2Gidd reseand vartywaldep partl [tele Warbk dddies runni ng
perpendicular to the bit lines over or in the substrate base area, the

menory gel heAandd s Alme tha stnage caRacidors @i frdanged Jor exanpl e
in chessboard-1ike fashion on the substrate. Termnals for the word lines
25 crossing e Piduddines A & P AdRd Ale Alsd§ASH P& 8498 of
volatile semiconductor memories, so that, in order to
increase the capacitance, the largest possible base area
is chosen for a buried storage capacitor in the lateral
10 direction as well. Therefore, the base area of the trench

capacitors concomitantly determines the integration

density of a semiconductor memory.

In the cell array of a semiconductor memory, storage

15 capacitors are arranged, with regard to the base area of
the semiconductor substrate, in direct proximity to the
crossover point between the bite line and the word line
which address the relevant memory cell. In accordance with
the network-type arrangement of mutually parallel bit

20 lines and mutually parallel word lines running
perpendicular to the bit lines over or in the substrate
base area, the memory cells and thus alsoc the storage
capacitors are arranged for example in chessboard-like
fashion on the substrate. Terminals for the word lines

25 crossing the bit lines are provided at at least one edge



4 of the cell array. In a real cell array architecture, by contrast, the
bit lines no |onger cross all the word lines, but rather only sone of them
in order to keep down the bit |ine capacitance and to facilitate a read-out
of 5 an itemof information froma menory cell. Various groups of word
lines therefore cross different groups af bit lines, so that a plurality of
cell blocks are produced instead of a single cell array. Wrd lines and bit

i nes T equiie (HaMPLhGaLedrl AT sClbadl LRyl eaYord linectO drivers or

eval uati on CIFCUItS or | i nes. nventlona the size and nmber of

these circuit can b %preg onIy i f %%e nugbersof go g and %I I|nes IS
si mul t aneoTSy F4r¢er &e A°CofVent"dTal “$&Fc uct'or nennry t he

wi dths of the bit _and word lines and their distances from one another are
chosen to BéNgs shaitl radhsds Srpive seReallordsfice i OF Ieke SRarSCENGPH "used
for the |ithographic exposure. The trench capacitors are nmade as w de as
possi bl e i her #éic l4n20 cheagbitence sner &0l dagd lqtranti fi &sast-ogtarcde. | n
order to utilize the avail able substrate base area in the best possible
manner,5a rnotercelfl intfloadnaits ono fsaym a seowagye cedpaciVieariouiss gpoopisded i n
direct proximty at each crossover point between a bit line and a word
line. I'n 2%fordel 11 negad hette rafrer ed dskf erifekirent pirevics @f ks tmade of

lines, so that a plurality of cell blocks are produced

instead of a single cell array. Word lines and bit lines

require complicated driver circuits, i.e. word line

10 drivers or evaluation circuits for bit lines.
Conventionally, the size and number of these circuits can

be altered only if the number of word and bit lines 1is

simultaneously altered.

15 In a conventional semiconductor memory, the widths of the
bit and word lines and their distances from one another
are chosen to be as small as possible in accordance with
the wavelength used for the lithographic exposure. The
trench capacitors are made as wide as possible in order to

20 Dbe able to store large quantities of charge. In order to
utilize the available substrate base area in the best
possible manner, a memory cell, that is to say a storage
capacitor, is provided in direct proximity at each
crossover point between a bit line and a word line. In

25 order to read out stored information, provision is made of



5 evaluation circuits e.g. with dummy cells in order to be able to assign a
read--out nenory infornmation itemto a digital value zero or one. 5 Wth the
arrangenent of nenory cells at each crossover point between bit I|ine and
word line in a conventional sem conductor nenory descri bed above, it is no
| onger possible to accommobdate further structures in the cell array between
the nmutually adjacent bit lines or nutually 10 adjacent word |lines, since

their di St@OS@uBEQ%OBQréHQEQeE gndyt hRT Buiingt Bem@gelal peady_bsepcopt i m zed
in accordance wth the respectlve optical reSolution Iimt. The object of

t he present invgntlgg 8VId% %e% 1n%8 gg&gr oeOpry i whi ch,
dr's t st

wi t hout aIPer|ng tﬁe ﬁgﬁe ance en a j acen orage capacitors,
it is possible 9 n1add|t|onal structures, for i nstance control |ines
bet ween adFé@éﬁ? fi ? PeoreE8cBhdOPPnes. Furthernore, the object of the
invention is to alter the 20 nunber of nenory cells which are addressed in
a connected manner per word |ine or per bit line, and thus to create the

potential for a saving of area on a sem conductor substrate.
5 With the arrangement of memory cells at each crossover

point between bit line and word line in a conventional
semiconductor memory described above, it is no longer
possible to accommodate further structures in the cell
array between the mutually adjacent bit lines or mutually
10 adjacent word lines, since their distance from one another
and their width have already been optimized in accordance

with the respective optical resolution limit.

The object of the present invention is to provide a

15 semiconductor memory in which, without altering the
lateral distance between adjacent storage capacitors, it
is possible to form additional structures, for instance
control lines between adjacent first or second lines.
Furthermore, the object of the invention is to alter the

20 number of memory cells which are addressed in a connected
manner per word line or per bit line, and thus to create
the potential for a saving of area on a semiconductor

substrate.



, 6 In the case of a sem conductor nenory of the type nmentioned in the

i ntroduction, this object is achieved by virtue of the fact that each of
the second |ines connects together nenory cells whose storage capacitors
are 5 arranged alternately on both sides of the respective second line in a
manner |aterally offset relative to sai@d respective second |ine. According
to the invention, the storage capacitors are 10 arranged in the formof a

grid in Whirgh.cranldake conGeRhORBndIcAth! GmGAPAE LA gl are the nost
cl osely adjacent to one another are not offset 'with respect to one anot her

in the dir i f bit |i. r rd lLine, but rather obhlique
preferablyﬁgﬁgggﬁgﬁlgnlg ﬁﬁﬁﬁ%Fggﬁggﬁ {6 Fﬁéscguﬁggtoﬁsng §i'F&ct¥ons. The

di stance bet.ween the stor pacitors that are the st cl osely adjacent
to one anotRér s Gnt ﬁdé%ggo%ggﬁaﬁﬁc nEfahg&d &g gg“ﬁés¢§“@€€éﬁnining
influence on the cell spacing. The di agonal arrangenent of trench

capaci t or s (OFS{tR&r &P@OFHecﬁg £ Hhesel ¢ tadiedCe fEPES169& Sandther enabl es a
novel geonetry in the arrangenent of the menory cells. According to the

i nvention, agaenoet eRdesoadrd vl ionebotbnmsects dgéhlkeremprumtyveel | s whose
storage capacitors are arranged alternately on both sides of the respective
25 second Isiemenidn laneainern matheral 1ytefrbhidaty oelfakitvedlatsaedto said

respective second line.

According to the invention, the storage capacitors are

10 arranged in the form of a grid in which, unlike
conventional practice, capacitors that are the most
closely adjacent to one another are not offset with
respect to one another in the direction of a bit line or a
word line, but rather obliquely, preferably diagonally

15 with respect to the course of said directions. The
distance between the storage capacitors that are the most
closely adjacent to one another is intended to remain
unchanged since it has a determining influence on the cell
spacing. The diagonal arrangement of trench capacitors

20 that are the most closely adjacent to one another enables
a novel geometry in the arrangement of the memory cells.
According to the invention, each of the second lines
connects together memory cells whose storage capacitors
are arranged alternately on both sides of the respective

25 second line in a manner laterally offset relative to said



respective second |ine. Wiereas conventionally one row of nenory cells is
arranged centrally below a second |Iine, according to the invention each

i ndi vidual line of the second lines is connected to nenory cells whose
storage 5 capacitors are arranged alternately on the left of said |line and
on the right of said line in a laterally;offset manner. In this manner, a
single second line can be used to address two rows of nenory cells whose

storage capacifars; & &aloide sale .egf%ecgr{\p%n@in&qﬁ Nele 85,0 40 a

conventional sem conductor nenory. e nunber of secon ines requitred can
t hus be redug Since the cell density h r i ned unchanged. on account
of the uncﬁtgenrrgog:dy distahce” BetvWeen t%‘?r};‘b%aa@ébgﬁné?]t%"f ¢ t%eaqorhgel%% nost

cl osely adjacent to one another, the distances between the 15 second |ines
are great er*§PTHE T ase Tt tHy Leni Qo ritft o HeFgYA lackigrali g &e t he
invention that is conventionally the case. This has the advantage, on the
first one hifEPnd hekngFewet WMIRTEeArte maessarse flor whrdsd e etegsecond
lines; on the other hand, insofar as is permtted by the 20 |ithographic
resol ut Pon ¢dpacitfars tdmwee farsingattl seoonthidnesn ithe slebssdbleatd arrange

additional lines, for instance control lines or auxiliary |ines, between
nutual | y adjiaeeninsesonchd imnegt Byf wayi Ofliaxanpl e idtdsacopcsinvabl e to
equip the word lines in each case with an 25 additional parallel line in

order to ingd@ase. theithis manner, a single second line can be used

to address two rows of memory cells whose storage
capacitors are at the same distance from one another as in

10 a conventional semiconductor memory. The number of second
lines required can thus be reduced. Since the cell density
has remained unchanged on account of the unchanged
distance between storage capacitors that are the most
closely adjacent to one another, the distances between the

15 second lines are greater in the case of the semiconductor
memory according to the invention that is conventionally
the case. This has the advantage, on the first one hand,
that fewer drivers are necessary for driving the second
lines; on the other hand, insofar as is permitted by the

20 lithographic resolution limit for the first and second
lines, it is possible to arrange additional lines, for
instance control lines or auxiliary lines, between
mutually adjacent second lines. By way of example, it is
conceivable to equip the word lines in each case with an

25 additional parallel line in order to increase their



8 conductivity. The nunber of drivers required for the second lines is not
increased as a result. In the sem conductor nenory according to the
inhvention, 5 the nunber of nenory cells which are connected to a word line
or to a bit lineis altered conpared with a conventional sem conductor
menory. The altered linear ratio of thegtwo di nensions of the nenory cel
array achieved by virtue of the arrangenent according to the 10 invention

creates an addi{dqnale LoLgal kgl lQr FaWNG2/se3 <0t 13 FEHGORGUCT Or
substrate. Mrreover, an alteration according to the invention - of the

nunber of nenory, EEE% %ongﬁ%t§%cg%%ég%rgso% q%%uhkne af fords the

possibilitfegpnoptlnlzin € I'ength "and the capacitance of word lines 15
and bit lines. By way of exanple, precisely in the context of decreasing
feature sizes, circuits may be dinensioned for evaluating extrenely weak
signals. In conjunction wth a reduction of the capacitor spacing itself,

t he ar r angérie it ca GEBEFONG UCH rh ESMIFN BICER TEENG ¢ rfdice 120 S@¢HoINex

optim zation possibilities. It is preferably provided that any two nenory
cel I s whosehst onafpe rc afacierony ard ltsherhiwdt agleoseinneadjeac et at wogwe anot her
are always connected to two nutually adjacent 25 first lines. Al though the
storage capaeid @rs tHhat e i is altered compared with a

conventional semiconductor memory. The altered linear
ratio of the two dimensions of the memory cell array
achieved by virtue of the arrangement according to the

10 invention creates an additional potential for saving area
on a semiconductor substrate. Moreover, an alteration -
according to the invention - of the number of memory cells
connected per word or bit line affords the possibility of
optimizing the length and the capacitance of word lines

15 and bit lines. By way of example, precisely in the context
of decreasing feature sizes, circuits may be dimensioned
for evaluating extremely weak signals. In conjunction with
a reduction of the capacitor spacing itself, the
arrangement according to the invention affords more

20 complex optimization possibilities.

It is preferably provided that any two memory cells whose
storage capacitors are the most closely adjacent to one
another are always connected to two mutually adjacent

25 first lines. Although the storage capacitors that are the



9 nost closely adjacent to one another are connected to the sane second
line and are laterally offset with respect thereto in opposite directions
per pendi cul ar to the course of these second |lines, the nmenory cells of
these storage 5 capacitors are still connected to different first lines, so
t hat individual nmenory cells can be addmessed. It is preferably provided
that any two nenory cells which are connected to the sane first |line and

whose st or %%tlgl%%%qg O ad aGRNL R HAE BRODGH 2l QRP 2R | T St
| ine are always connectedto two nutual ly adj acent second |lines, preferably

ones that are the Cr(r)%sdt l‘i'n%sga% g@]eaqg@tertaqlone Sotther. t

S Sahe | sé v, © w1‘hA&eg%%QQ,every
second | i n&%§d"ESSES two' T menory cel’l s, 51 WAl é:h by *way of

exanple, one row 15 is arranged on the left of said |line and the other row
i s arranged G &He 1M GRPOSH SSaidd 15GTe 084 R STERHIY AT §° SPYHEse rows
is connected to a respectively different first line. Al though two rows of

menory cel [of dhgfps Sqcensethieds adjhec emosac 6id US s the sec ST pRa st t he

di agonal ly 20 arranged chessboard-|i ke pattern of storage capacitors that
are thebSnostapeladgalns adjeacdritl It ¢ aome carest Her ditfHesenterfomstecdlineswhi ch are
connected to the sane first line and are adjacent along said first line are
connect ed ts» s#eand rdinasiddiamentor yideddtd yaadjbac erid ie® sere. anot her. 25

10

It is preferably provided that any two memory cells which
are connected to the same first line and whose storage

10 capacitors are adjacent to one another along said first
line are always connected to two mutually adjacent second
lines, preferably ones that are the most closely adjacent
to one another. Although every second line addresses two
rows of memory cells, cf which, by way of example, one row

15 is arranged on the left of said line and the other row is
arranged on the right of said line each memory cell of one
of these rows is connected to a respectively different
first line. Although two rows of memory cells always lie
between adjacent second lines on account of the diagonally

20 arranged chessboard-like pattern of storage capacitors
that are the most closely adjacent to one another, those
memory cells which are connected to the same first line
and are adjacent along said first line are connected to
second lines that are directly adjacent to one another.

25



It is preferably provided that nutual |y adjacent second |ines are arranged
in amnner offset with respect to one another by tw ce as |large a di stance
as first lines that are the nost closely adjacent to one another. This 5
enbodi nent exploits the fact that the second |ines which connect together
two rows of nmenory cells according to th® invention are required in a
smal | er nunber than in the case of a conventional sem conductor nenory. As

a result, it ijg @%%etzla%_ltyo prd&hi eRee thizel hudhshancesjhicemore ctaqanot her.
Preferably, additional lines for instance control lines or auxiliary |lines

can be arranged B‘%te""%‘%’}atn%‘%lgf %?ng an'aitnﬁgt% L 3@ %i%%wr%rsF%%Qe%aton% great er

di stance from one anot her. ovi the di'stance between storage
capacitors th are the.nost closely adj,acent 15 remains . unchanged rel ative
Lo ComvertPaRer B Edtucor ey L Pe s Banda o daek s O3 1 ot
lines is correspondingly reduced. For the first lines and their distance
from one afdthéfe FRSAIFOSEHY 2Fd@GFEHTot CorEnE@ NS ut iTdd S init is
necessary in order to pattern the 20 additional |ines between the nutually
adj acen? s&dbedimends expieidissttdusc Salgdt whert tthe sesrage ldagscivhdiod t hat are
the nost closely adjacent to one anot her remains unchanged however. In the

case of a chessldartcdgeithe rartwangemsnio foinetroe yrerdrly eeldos diintgh ta $duear e
menory cell 25 base area and a cell grid rotated diagonally, i.e. for 11
invention are required in a smaller number than in the
case of a conventional semiconductor memory. As a result,
it is possible to increase their distances from one
10 another. Preferably, additional lines for instance control
lines or auxiliary lines can be arranged between the
second lines that are now arranged at a greater distance
from one another. Provided that the distance between
storage capacitors that are the most closely adjacent
15 remains unchanged relative to a conventional semiconductor
memory, the distance between the first lines is
correspondingly reduced. For the first lines and their
distance from one another, an additional reduction of the
resolution limit is necessary in order to pattern the
20 additional lines between the mutually adjacent second
lines. The distance between the storage capacitors that
are the most closely adjacent to one another remains
unchanged however. In the case of a chessboard-like

arrangement of the memory cells with a square memory cell

25 base area and a cell grid rotated diagonally, i.e. for



i nstance through 45, the distance between second lines that are the nost
closely adjacent is exactly twice as |arge as the distance between first

| {nes that are the nost closely adjacent; therefore, an additional |ine can
5 in each case be patterned between the second lines. It is preferably
provided that the first lines are bit |nmes and the second lines are word
lines. A single word |line can then address twi ce as many nenory cells per

10 ines. Hisddds inroepy 481] i hyidieddent donal & amkiqg fe. bit 1ine

significantly shorter than the word |1 nes anyway. s way, cell blocks

whi ch have ,signific i e bit lines than word |ines can be arranged on
a rect angultzdr aafs]%ae 2{%% Thos e sdge ¥ aafcfjoaci‘?rhe lrsaﬁ%a%elﬁf he"1%° étfye | engt hs
of the longer to the short edge) .is significantly snmaller than in the case
of a conve %%ealasset?ﬁecocifﬁfcat’g‘?‘g %W%ﬁg“ I]{lﬁ%t pretet A3t Fovitd® that the
storage capacitors of 20 the nenory cells connected to a single word line
are arrangéPsh tEraRe R ERGARE sithe i aks d amrafditeonmd bme reamt her
side of said word line. Accordingly, the nmenory cells connected to a single
word | i Res ¥ eastlf s@salherpadtted snarh hdtevdesf tthndsadagit Mintds r espect to the

word 25 line. Consequently, the word line runs in the center 12 bet ween
two rows of nenory cells which are both addressed by this single word |ine.

It is preferably provided that the first lines are bit
lines and the second lines are word lines. A single word
line can then address twice as many memory cells per

10 lines. This fits in very well with the trend toward making
the bit line significantly shorter than the word lines
anyway. In this way, cell blocks which have significantly
more bit lines than word lines can be arranged on a
rectangular base area whose edge ratio (the ratio of the

15 edge lengths of the longer to the short edge) is
significantly smaller than in the case of a conventional

semiconductor memory.

It is preferably provided that the storage capacitors of
20 the memory cells connected to a single word line are
arranged alternately on one side of said word line and on
the other side of said word line. Accordingly, the memory
cells connected to a single word lines are offset
alternately on the left and right with respect to the word

25 line. Consequently, the word line runs in the center



As an alternative, it is provided that the first lines are 5 word |ines and
the second lines are bit lines. In this enbodi nent additional |ines running
parallel to the bit lines can be patterned between nutually adjacent bit
lines. 10 It is preferably provided that storage capacitors that are the
nost cl osely adjacent to one another forazn a diagonal grid relative to the
course of the first lines and relative to the course of the second |ines.

The di st angesBetweqn trtseqswgrfdmgine@? aed 1Relyeen Lhe Boknl LAG$edEe41S
chosen such that they have different magnitudes for word lines and for bit

lines, as @. efylt (9 ng%grhhgiigorage capacitors can be shifted such that
their positrons ofm & square diagonal grid with respect to the course of
the word lines and of the bit lines. 20 The storage capacitors are
preferably trench capacitors buried in a sem conductor substrate. The
capacitors _arranged in a deep trench are fabricated by a procedure in which
firstly théScapaciltérraitdrset iitc 1ss PdefasicCedhpit 6hg 25 rgéepiteenelfe on t he
trench wall, and a filling is 13 subsequently introduced as inner
capaci tor e&bgct Addes. aThe thet secehdctliogs iegef bited ibgsan Inndhfitused | ayer
in the doped sem conductor substrate surrounding the deep trench.
embodiment additional lines running parallel to the bit

lines can be patterned between mutually adjacent bit

lines.

10 It is preferably provided that storage capacitors that are
the most closely adjacent to one another form a diagonal
grid relative to the course of the first lines and
relative to the course of the second lines. The distances
between the word lines and between the bit lines are

15 chosen such that they have different magnitudes for word
lines and for bit lines, as a result of which the storage
capacitors can be shifted such that their positions form a
square diagonal grid with respect to the course of the
word lines and of the bit lines.

20
The storage capacitors are preferably trench capacitors
buried in a semiconductor substrate. The capacitors
arranged in a deep trench are fabricated by a procedure in
which firstly the capacitor dielectric is deposited into a

25 deep trench, on the trench wall, and a filling is



5 As an alternative to this, filmcapacitors stacked above the

sem conduct or substrate may be provided. The selection transistors are
preferably MOSFETs; their gate el ectrodes are usually connected to the word
i nes. 10 The upper source/drain electrodes of the vertical selection
transistors are connected to the bit liyes; the |ower source/drain

el ectrodes are conductively connected to the inner el ectrode of the

capacitor. s%ﬁsEHﬁeﬁ%ﬂyCQH@H%HQEeHEHQVth%rpEQEQEQPB¥ a1%ekabhks. The
sem conductor nenory, "in particular a e invention is described

bel ow wi th [ eLer 828@t&8d@ 9ur %Erﬂnehobghah”%}%’ﬁ&%ﬁlaétﬁr 'f'a?%?re é ghaws a plan

view of a senlcon uctor menory in I'CTi igure 2 shoms
a Ccross sectlo through a nenor

25 t
B o e, SR R s T R b B oD P ey S RhE G eR TR (11 st

enbodi mrent of a sem conductor 5 nenory accordlng to the invention, and
Figure 5 shows a second enbodi nent of a sem conductor nenory according to
the invention. 10 Figure 1 shows a sem conductor nenory having a
mul tipl3ci &y eh maerpagélvesty, thhischfadle cepaedtedst stendecdnebbee in a
rowM se by first lines, for instance bit

the semiconductor substrate may be provided.

The selection transistors are preferably MOSFETs; their
gate electrodes are usually connected to the word lines.
10 The upper source/drain electrodes of the vertical
selection transistors are connected to the bit lines; the
lower source/drain electrodes are conductively connected

to the inner electrode of the capacitor.

15 The semiconductor memory is preferably a volatile

semiconductor memory, in particular a DRAM.

The invention is described below with reference to figures
1 to 5, in which:

20
Figure 1 shows a plan view of a semiconductor memory in a

schematic illustration,

Figure 2 shows a cross section through a memory cell of a

25 semiconductor memory,



lines 1, and second lines for instance, word lines. An evaluation circuit
region 7 is illustrated schematically 15 outside the nenory block 15. An
evaluation circuit evaluates the signal read froma nenory cell as a
digital 1 or O and may have, for exanple, a dummy bit line 9 with dumy

| s 8. Wien reading froma mempey cell 5, it is possible to effect
the eval uation of the read-out 20 quantity of charge with a digital bi
val ue for exanple by neans of the conparison with a data value read froma
8. In this case, an evaluation unit (not illustrated) drives the

dumy bi t %&%ﬁg% %nds%%%srgs%%%%i%%igag i%%mgk%nhh%.o%'ﬁ% or 15 Figure 2

menory cel

dummy cel

shows the ty

al “construction of a meno cell; "which has ayétorage

capacitor arranged in a deep trench, i.e. trench capacitor 3. In the

trench, the selection transistor 4 of the nenory cel

t

5 is arranged above

the 5 storage capacitor 3. If the selection transistor is a MOSFET, it has
an upper adddarieoder sbouwrce/ dridish erbecisgatipf B2 sepeCRBESHOMIitch a channel
region is arranged. A word line 2, formng the gate el ectrode of the
sel ection tMmeawgiyst@conding |tat enal liypvieegiide ,t R@dchannel region. A 10 thin

| ayer is arranged between the gate el ectrode and the channel

region; through electrical induction it is possible to forma channel

i nsul at or

opens the
10
15
20

25

Figure 5 shows a second embodiment of a semiconductor

memory according to the invention.

Figure 1 shows a semiconductor memory having a
multiplicity of memory cells 5, which are connected to one
another in a rowwise by first lines, for instance bit
lines 1, and second lines for instance, word lines. An
evaluation circuit region 7 is illustrated schematically
outside the memory block 15. An evaluation circuit
evaluates the signal read from a memory cell as a digital
1 or 0 and may have, for example, a dummy bit line 9 with
dummy memory cells 8. When reading from a memory cell 5,
it is possible to effect the evaluation of the read-out
quantity of charge with a digital bit value for example by
means of the comparison with a data value read from a
dummy cell 8. In this case, an evaluation unit (not
illustrated) drives the dummy bit line 9 and the

respective driving bit line 1.

whi ch



transi stor and charges or discharges the capacitor 3. 15 The upper

el ectrode 11 is connected to a bit line 1 running perpendicular to the word
line 2 over the substrate surface. A sem conductor nenory has a | arge
nunber of the nmenory 20 cell illustrated in the cross-sectional viewin
figure 2. Figure 3 shows a schematic plBan of a conventional sem conductor
menory whose bit lines 1 and word lines 2 cross one another. A nenory cel

51in accor%ﬁgﬁ§ewbtQh%&guE%eztgﬁikglacgkgkﬁﬁ%ﬁﬁoﬂ”ggdE”ﬁ@hoKQOW@lﬁn0”‘the

prior 25 art “is arranged at ea poi nt of iIntersection. In the case 16 of
trench capagi.tors, the _storage capacitor re usuall it centrally
bel ow t he V@%ﬁgciﬁ eawgﬁgrﬁﬁ%ecgpggﬁ%ggszggﬁsg%diEﬂt eggghe%%%ﬁggfion
(upward in figure 3) with respect tqo th rd line., 5 Figure.4 shows a
schematic pl-&n 6F6§C§eﬁﬁ€8ﬁd&8F05'n&ﬁnF@egg68P&hngtP8 FﬁgeFﬁ&gﬁtion in a
first enbodinent, in which the first lines are bit Ilines and the second
lines are Wwoe@dsiistes. 4TRE $&% B6HQEYt 66 lderoly REL229§C @S estdfage 10
capacitors 3 in which the path between trench capacitors 3 that are the
nmost cl Bselsy cadigac ertpatcd tome 3andtthéhel seldecdtiod tthrowglst93 Vist B respect to
the course, i.e. the direction, of the bit lines 1 and word lines 2, but is
of the sanpiosirag,i .t erans aof uppermagei tudewaes ispufricguideadn electrode

11, 12, between which a channel region is arranged. A word
line 2, forming the gate electrode of the selection
transistor, runs laterally beside the channel region. A

10 thin insulator layer is arranged between the gate
electrode and the channel region; through electrical
induction it is possible to form a channel which opens the

transistor and charges or discharges the capacitor 3.

15 The upper electrode 11 is connected to a bit line 1
running perpendicular to the word line 2 over the

substrate surface.

A semiconductor memory has a large number of the memory

20 cell illustrated in the cross-sectional view in figure 2.
Figure 3 shows a schematic plan of a conventional
semiconductor memory whose bit lines 1 and word lines 2
cross one another. A memory cell 5 in accordance with
figure 2 or in a different embodiment known from the prior

25 art is arranged at each point of intersection. In the case



15 Therefore, the nenory cell density is of the same size as in figure 3.
However, the way in which the nenory cells are connected up to one another
is different in the two figures. In figure 4, each word line 2 is connected
to two rows of nenory cells 5 parallel to the word line. The 20 nenory
cells 3 connected to a single word linejg in each case are arranged in the
formof a zigzag |ine alternately above and below the word line in figure

3, i.e., wg@gﬁgmpgﬁﬁagégwtﬁg%&w%%esﬁgfgg%hme() uﬂﬂ? ri ght

of the word line 2 manner ‘of fset” W t 28 A T esul t

of whi ch, th the 17 |ines remuini the same, a word
line can a\c,1g resasterfiore cbeqw tHh G5PRIE vaa?sé"oorfygjtfben\%%ti onal
sem conduct 4%5 As |n the case of a conventional sem conductor
nmenory, in% "@}’rse $%0, 1 U Sttty EA9E 5 WHYWET i ddfiE@ el to the

sane bit line 1b and are adjacent to one another along said bit line 1b are
connect ed W 1d} fSRERE Wit dH9 &Rl ititat are the nost cl osely adjacent to
one another so that a preferably individual driving of in each case only a
single henory 10 cell is also possible with the sem conductor nenory
according to the invention. The storage capacitors 3c of the nenory cells

5a connect el dured SigYwes i tsdHame tare @ramnged igendine fdsatio M@ i t her
all on the right or all on the left of the word line. Consequently, storage

according to the invention in a first embodiment, in which
the first lines are bit lines and the second lines are
word lines. The semiconductor memory has a grid of storage

10 capacitors 3 in which the path between trench capacitors 3
that are the most closely adjacent to one another is
rotated through 45° with respect to the course, i.e. the
direction, of the bit lines 1 and word lines 2, but is of
the same size in terms of its magnitude as in figure 3.

15 Therefore, the memory cell density is of the same size as
in figure 3. However, the way in which the memory cells
are connected up to one another is different in the two
figures. In figure 4, each word line 2 is connected to two
rows of memory cells 5 parallel to the word line. The

20 memory cells 3 connected to a single word line 2 in each
case are arranged in the form of a zigzag line alternately
above and below the word line in figure 3, i.e., with
regard to the substrate surface, on the left and on the
right of the word line 2 in a manner offset with respect

25 thereto, as a result of which, with the quantity of word



15 capacitors 3a and 3b, respectively, that are the nost closely adjacent
to one another are always connected to two bit lines la that are the nost
cl osely adjacent. The grid dinension of the word lines 2 is twice as |large
as that of the bit lines 1, so that an additional line can in 20 each case
be patterned between the word lines in pyrder, for exanple in the case of
very long word lines, to increase the conductivity thereof. Figure 5 shows

a further qq%%%'@%&hl%ﬁn% S8/ GARAUCL 0k, 2 MBARS Y-a3CGRIiding R ddhe
invention in schematic plTan view, 18 in which word Iines and bit |ines

are inter charﬁ%%l ‘@etllls t@ﬁl %b%]h%rhe iLhregard to the . arl éla_Lngerrent of the

menory cel 'S t houg T nes are st|II connecte to the upper

source/drai n el ect odes of the l1s 5 5 the word |ines also
still for mS9He PR G S GRS "o THE SBecriton o EnSPEUSIEIRe bit Iines

are nonet hel ess connected to a Iarger nunber of menory cells 5 per hit line
quantity i FYHEEPERETET MR8 INYoc K Toff L1avRST v 1c 9% |tl""|%§te|”§?tré/d &3S qure 5
than in the case of a convention 10 seni conductor nmenory in accordance wth
figure 3. Tinddly errsh coapesittest $ 08 tdree ssimeudtidd laincerldatagldy agie t he ri ght and
on the left, i.e. offset upward and downward with respect to the bit line 2
in figure Zdijsxdrhattceante @rtotdhare a2 caddrsesise o ittwd. imewslkofaneenory cel | s.
The word lines 15 1 are connected to a smaller nunmber of nmenory cells.
connected to different word lines 2a that are the most
closely adjacent to one another so that a preferably
individual driving of in each case only a single memory
10 cell is also possible with the semiconductor memory
according to the invention. The storage capacitors 3c of
the memory cells 5a connected to a single bit line are
arranged in an offset manner either all on the right or
all on the left of the word line. Consequently, storage
15 capacitors 3a and 3b, respectively, that are the most
closely adjacent to one another are always connected to
two bit lines la that are the most closely adjacent. The
grid dimension of the word lines 2 is twice as large as
that of the bit lines 1, so that an additional line can in
20 each case be patterned between the word lines in order,

for example in the case of very long word lines, to

increase the conductivity thereof.

Figure 5 shows a further embodiment of a semiconductor

25 memory according to the invention in schematic plan view,



Conpared with the sem conductor nenory in accordance with figure 4, the
enbodi nent in accordance with figure 5 has the advantage that, given a
predet erm ned nunber of menory 20 cells to be connected to a bit line, the
bit line can be nade particular short. On the other hand, the enbodi ment in
accordance with figure 4 has the advantage that only few word |ines are
required, so that only a small nunber of word line drivers are necessary as
well, as a result of 19 which base area is saved on the sem ¢onduct or

substrate 18 "Ré&di WGLFr dingSséRcc SAdudtde Snésr ¢ NERT&EEHRENEe i th 5
figure 4 or figure 5 is effected with the aid of evaluation circuits as in

a convent i ongl agerhesnddcihor egamey O Ithepartiaagieaen ty elfatiniee meawirdonduct or
menories such as 10 preferably DRAMS can be designed in the manner
accordi ng teelflbe RAvémtigbnthe 2QAtLildthesf aref etedde coypmeoltsedlftior sthe
line2second |ine5 3storage capacitor4sel ection transistor5menory
cel | 7eval uafpipelt Giougudiel/ dredin0R1bdpRedeSOWIC@hdr dichorlyeetenaade 0 ahd owver
source/drain el ectrodel3gate el ectrodel5nmenory cell arrayl6sem conduct or
substrate ¢ndlword lines also still form the gate electrodes of the

selection transistors, the bit lines are nonetheless

connected to a larger number of memory cells 5 per bit

line quantity in the case of the block of memory cells

illustrated in figure 5 than in the case of a convention

10 semiconductor memory in accordance with figure 3. The

trench capacitors 3 are situated alternately on the right

and on the left, i.e. offset upward and downward with

respect to the bit line 2 in figure 5, so that each bit

line 2 addresses two rows of memory cells. The word lines

15 1 are connected to a smaller number of memory cells.

Compared with the semiconductor memory in accordance with
figure 4, the embodiment in accordance with figure 5 has
the advantage that, given a predetermined number of memory
20 cells to be connected to a bit line, the bit line can be
made particular short. On the other hand, the embodiment
in accordance with figure 4 has the advantage that only
few word lines are required, so that only a small number

of word line drivers are necessary as well, as a result of



Patent clains 1. A sem conductor nenory having an arrangenent of nenory
cells (5) which are connected to first lines (1), 5 which run along a first
direction, and to second lines (2), which run along a second direction and
which cross the first lines (1), and each have a storage capacitor (3) and
a vertical selection transistor (4), wiidin the arrangenent of nmenory cells
a menmory cell (5) being 10 connected to each crossover point between a
first line r&% apdsd 566and | 1AGelZhn €A’ ACkEL, ?@)‘ac't%rt ahstagh of the
second |ine E) nects together nenory c whose storage
capacitors %@b) are arranged 15 aIternater on both si des of the respective
second |iné ((2) in a manner laterally offset relative to said respective
second line (2). 2. The sem conductor nenory as clained in claim1l1, 20
characterized in that any two nenory cells (5) whose storage capacitors
(3a) are the nost closely adjacent to one another are always connected to
two nut ual Reagdjnac énonf iar senliicessiudtgy. meRozy The asewiregndgc Wdithnenory as
claimed in claim1l1 or 2, 22 characterized in that any two nenory cells
(5a) whbéch fammreodnect €d guaet e isars feiatstd Mid (thie) admd adhose st or age
capacitors (3c) are adjacent to one another along said first line (1b) are
5 al ways cernReciaed dno diweulittsuald Vinadj aceensaerad lssrgscndaktord. The

sem conductor nenory as clainmed in one of clains 1 to 3, 10 characteri zed
in that mutyaldy, adjacent second lines (2) are arranged in a manner offset
Wi th respect toone another by twice as |large a distance (d2) as first
lines (1) that are the nost closely adjacent to one another. 15 5. The

sem conduct or nenory as cIained in one of clains 1 to 4, characterized in

that the first lines (1) ar |l i nes and tg second lines (2) 20 are word
lines. 6. b '%%Héﬁﬁt&? SEDIGORIRET T N ThSS, SHEAF &t eri zed i n
t hat

10 preferably DRAMs can be designed in the manner according

to the invention.



the storage capacitors (3) of the menory cells (5) 25 connected to a single
word Jine (2) are arranged 23 alternately on one side of said word |ine
(2) and on the other side of said word line (2). 7. The sem conductor
menory as clained in one of clainms 5 1 to 4, characterized in that the
first lines (1) are word lines and the second lines (2) are bit lines. 10
8. The sem conductor nenory as clained in one of clains 1 to 7,

characteri zgdd R ¢ halrStfA0G ARAG tors (3b) that are the nost closely

adj acent to one another forma diagonal grid relative to the course 15 of
the first lines (1) and relative to the course of the second lines (2). 9.
The sem conductor nenory as clained in one of clains 1 to 8, 20

characteri éed H}Ethg{] t.he storage capacitors (3) are trench capacitors
buried in semcdirductst® substrat e (8). 10. The sem conductor nenory as
claimed in one of clains 25 1 to 9, 24 characterized in that the

sel ection t¥ ansist ¢ (P& re MOSFETs whose gate el ectrodes (6) are
connected to the word lines (2). 5 11. The semi conductor nenory as clai ned
in one bf A ai nstbnawelGapdwirtadt eri zed in that the semi conductor nmenory is
a dynam c random access nenmory. . A f.A ;S AN _.A@S. A uS. ASu, . ASN, . A@
@AY; f. A N@ A, S.ddfedAN.A& (SAGB.AE AQ QA ;Y. A nS_$. AQ@

A (@A N@ AN A@ @ (bD}(cd

G w mhc"Y] ca] calga] cad1ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] cRa]caUjcal G _~

7 evaluation circuit region
11 upper source/drain electrode
10 12 lower source/drain electrode

13 gate electrode
15 memory cell array

16 semiconductor substrate
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2. The semiconductor memory as claimed in claim 1,

20 characterized in that
any two memory cells (5) whose storage capacitors (3a) are
the most closely adjacent to one another are always

connected to two mutually adjacent first lines (la).

25 3. The semiconductor memory as claimed in claim 1 or 2,
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characterized in that

the storage capacitors (3) of the memory cells (5)

25 connected to a single word line (2) are arranged
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a semiconductor substrate (8).

10. The semiconductor memory as claimed in one of claims

25 1 to 9,
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characterized in that
the semiconductor memory is a dynamic random access

memory.



