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Charge Losses of n-Doped Trench Cells

Iotlnr RISCH, Rotmlrd I{ALY, Ie1fgang BERGNER, arxl Rol€rd KIRCIIER

Sianens AG, Central Research and Developent
lqB23, O'tto llahn Ring 6, I l,tmich 83, FRG

N-doped tJrench cells ertribit inopased charye losses v*ren ttre cre1l plate
rrcltage is _reduced belou 2.5r . Ihis effect is attrilnrted to tr:nnelinf of
electrcns fisn ttre rraLence barxl of the n-:egion jnto tlp conduction band
tttus contritnting to ttre leakage ctrn€nt of the ce}}. linxrprical sirmlationsjndicate that tunneling wtlt ocsur p:eferent1y at ttre utrper colslersr of ttre
tJ.ench arrt irqnses additional limitations to the doping concerrtrations arui
oxide thickness of thls celI tfpe.

s-iltB-10

tine rreas"urenEnts shovn schenatically in
Fig.l. lthe voltage of the bitline node 1 is
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1, Intrcdrction
Ifigh cell catrncitanoe ard lcnv leakage

cur:ents are the key featu:es of a DRAM

cell. In p:svious planar celIs, gerreration

ctrrents in the qlEce cttarye :egion ard
diffir.sion ctrr:€nts f:csrr tlre brilk harrc been

wrsidered the main leakage cu:r en't sources.
For n- doped tJsrch cells with large
junction an€a ard snall lateral dfirensions
pnctt thrcugh to the neigtrborilg tr.€nch

often las regarrded as t}te rncst fuportant,
leakage cttnsrt source. But due to high
electric fields originating ftcrn ttdn oxides

ard high doping concentmtions othen leakage

cur:ents rray dcndnate strcngly depending on

operaticn voltages.
For the n- dognd tJ€nch qell used in ttre

4llbit-mAM a ) tlte origin of the ctrarge

losses of ttte ceII ard voltage range for
safe operation has been evaluated.

2. Eq:erirEntal details
llhe charge loss of the cell as a fi:nction

of the atrplied voltage and tanperature luas

reasu:ed \Mt$r a test stnrctu:e for :ef:esh-
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Fig.J. llbst stnrctu:p for neasusrent of
cttarEe loss with diffesrt leakage cruerent
contrihrtions
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sensted bfr a source follorer cj:ccrrit. After
s&ns at 90oC (norst case condttion), charye
losses smller than 5t tlpically are
obtained using ttre ncminal pcnre!. sutrp1y

voltage of 5/, a ceII plate rrcltage of 2. 5\/
arul a srrbst&te bi.as rrcltage of -Af .

Changing tle atrplied rrcltage nay increase
the darge loss up to 100t.
Diffelrent trnssiJrle sources of the leakage

qrrr.€nt ate also indicated in Fig.L. Label
(3), (4), (5) :efer to generation-, gated
diode- arul aval-andre brealadomr- current of
tte bitline node. Labet ( 1) , ( 2) , (61 , (7 )

:efer to generatlon- , high electric field
irduced-, Forler-tbrdheirn tr:nneling- ard

trr:ndr ttuough- cut:stts of ttre tJ.enctr

catrncitor.
1[re cell urder inrrcstigation has a tJ.endt

depth of Spm. Oride ttriclsress of the
catrncitor is 13rm, tJsrch to tl€nch distance
is 1.8Un. Ihe trrendr is snbedded in a pvell
r^rith a doping cqrcentnation of 2EL5cnr3 and

surrcunded by a n-layen (A.srd=0.1pm) of
( 2-5 )E18cnF3.

3. Elqlerinental results
3.1 Charge loss as function of rrcltage

lIre drarge loss of ttre ceil is influenced
by tlp substrat-e bias rrcltage, the bitline
voltage ard by the sell plate voltage.
StbstJ.at€ bias voltage is narulatory to
suppress prndt thrcugh, trn:rasitic bransistor
action at ttre surface arxl injection of
electms fisn the bitline nodes. lltre
dcndnating leakage cur:ent depends on the
cell plate rrcltage. In Fig.2 the rsmining
chaage of the cell (after 50ns) is shown as

a fimction of ttre ceII plate rzoltage. For
plate rrcltages greaten than 2.5V arut bitline
rrcltages up to 8V drarge losses of less ttran

5t a:e obtained. With decreasing cell plate
voltage the drarge loss inqsases strongly.

Itte leakage cua"tsnt at lols cell plate
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FLg.2 CeIl dnrge as a function of cell
plate voltage at diffelstt bitline rzoltages

voltages appears only in n- doped cells.
Ifrdoped tJrench cells do not extribit ttris
effect,, as seen in Fig.3. Although only ttre
n-la1ter seems to be responsible for this
Ieakage rrechanisim, ttre mset of the current
in the tJ€nch cell is obsenzed at L.5\/ Icnren

voltages cctpat€d with a planar cell of ttre
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Fig..3 BitLine voltage at leakage crrrrrent of
LnA/4k for different-ce1l t14ns
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sare doping concentration and oxlde
ttricl<ness.

3,2 UenpemUrc dependence

Itr Fig.4 the tsrpera,tuLe Oeeenaence of ttre
leakage @rr€nt contrilnrtions of the ndopd
trench ceII is shor,n. Flsn ttre I-V
characteristic as function of ttre bitline
rrcltage, see insert of Fig.4, five
dardnating csntributions can be segarateA

acconding to tlre atrplied rrcltages. tltre
qrtr€nt regions ( 1) ard ( 3 ) of the cell and

bitline node shcnr an increasing ctrn€nt wittt
tsrpelratule . llsn the acti.vation errengy of
+0. 6eV tlpse a:ce identified as generation
currrents at the trn-Junctions. Itre nn:rfinnn

cell voltage is limited by avalandre
breddown of the bitline node to ttre
substJat€. It depends on substnate bias
voltage and decleases wittr tsrperatut€ (5).
lflre npst intresting int-emediate qun ert
rcgion (2), vfiich de1ds on the cell plate
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Fig.4 nenpem,U:re dependence of leakage
currents. Iabels refer to Fig.L

voltage, increases wittr tsr etntur€ at an
activation energy of +0.1eV. Itris rralue is
Qpically for Zener tunnefing ard atrproxi-
rntely the sane vahre as reSnrted for ttte
Tbench llansistor CeII 2 ) . IJl the n-do[nd
tJ€nctr cell electlpns fisn the rralence bard
of ttre trighly doped n-regior arpurri the
tr€nch tunnel into ttre cqrductiqr band thus
curtrihrting to the leakage crlrrertt.

llhe sane actirliation energy r,uas rEElsua€d

for the ctln€nt :egion (4). llhelefole
hmneling seenls to occur at the orrcrlap of
ttp bitline node to the transfen gate 3).

3.3 Sinnrlatims
l{urer.ical sirnrlations utilizing the 2D

device silulator GAIJENE2 4 ) have been
canied otrt to irnzestigate ttre different
behaviour of ttre Zenen tr:nneliag in plarnr
and trench tlrpe caSncitors. IVe used a I,XCS-

catrncitor with n+ SnIy-Si gate arrl a gat€
oxide thidsress of L3nn, lrtfticlt has a wide
planar region and a strarp quaner wiilr a
rounOfuig radius of L0mr. Itre planar region
ard the @rrter is indicated in ttre insefr, of
Fig.5 by the indo< p ard c, restrnctively.

Tfider bias coditions, wtrele ttre rrcItage
drce in the gate oxide is npre than 2.5\I

f/b1=5/ and W1<2.5V) the electrical field
strcngtJr at the surfacre ard ttre bant bending
reach the critical values for turneling.
Fig.5 shom tlre bard. bending at the
interface as a firnction of ttre cell plate
rrcltage Vpl for serzml As doping
qcnc€ntrations. At tlre trenctr collrer c ttre
barul bending reaches ttre critical value Eg

(barxf gap) at about L.5V lorer voltages
ccngareA ltrt$r ttre plarnr legion p. lttris
agrces veqr well $rittr tlre o<perinental
results.

Ilre doping crrncentrations r^rhich have to be
used in ttre tJ€nch cell are in the critical
range of (2-5)E18cnrs, Iiwer doping
qrncentrations vpuld declsase ceII
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calncitance and higher doping concentrations
r^Duld increase ttre luidth of ttre n-layer ard
p:ndt throtrgh sensitivitlr.

cr:rrrents can be kept, beloc O.StrWcell, blrt
oxlde thiclcress, n- doping csncenbration and

rounOing of tlte trcnctr colretrr have to be
qcntrclled proSterly. For lflf-cells wittr
thinner dielectrics and doping concen-

tr:ations of (1-5)E18cnrs Zenen tr:rureling
nn:st be taken into acqcunt in addition to
tlp other leakage rectranisrns.
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Fig.5 Band fenOing of n-:egicr at planar
ard tJsrch catrncito::s as a functiqr of cell
plate voltage for differrent doping
concerrbiations

4. Conclusions

In the n-doped trench cell a new leakage

curent nectran-isn has been detected rdtlictl

dcnrhatss the drarrge loss of ttre cell at low

cell plate rrcltages. Ihn ttre act'ivation
energy of +0.1eV ard flstt sinnrlations a

turrreling effect, in the n-dopd rcgion

occruing at the cornerst of ttre t:renclps is
assrned. Using a cell plate rrcItage of 2.5

to 4V and sr:bstrcate bias voltage the leakage
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