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Introduction

Three-dimensiond (3D) integration technology has attracted much
atention since it gives rise to the highe packing dendty, shorter
interconnection, lower power consumption and heterogeneous device
integration[1]. Recently, 3D-FPGA using TFT configuration SRAM
over bulk CMOS logic was proposed[2]. Furthermore, it has been
reported that the mobility and ON/OFF current of TFT ae
dramaticaly improved when the channd area reduces comparable to
the grain dzd3]. Therefore, the scded poly-S channd trangdor in
combination with high-performance CMOS device is a promising
technology to overcome the conventiond CMOS scding limitation.
However, long-term rdiability, egpecialy the satidica didribution of
rdiability, of poly-S channd FET with anall area has nat been
daified yet.

In this paper, by focusing on the gatidtica digtribution of TDDB for
the gate oxide grown on poly-S with large and small channd area
comparing to that on the conventiona S(100) surface, we discuss the
guidelinein thereliability of gate oxide on poly-Si channd.

Device fabrication

The devices used in this sudy were n-channd poly-Si(100) SOI
MOSFETs and S(100) channd SOl MOSFETSs. Poly-Si channd were
fabricated using following process. 30nm-thick amorphousS were
deposted aftr 100nm SO, formdion on S-sub. After tha,
crystdlization by anneding was caried out. FHg.1 shows the plane
TEM image of poly-Si channe and histogram of grain Sze Thegrain
size of paly-S was found to be around 130nm. The gate oxides were
grown by wet oxidation ambient. Fig.2 shows the variahility of gate
oxidethickness on S(100) channd FET and poly-Si channed FET. The
average of gate oxide thickness on Si(100) channd FET and poly-Si
channd FET were around 3.5nm and 4.5nm, repectively, estimated by
CV measurement. The variahility of gate oxide thickness for each
FETsislessthan 2%, indicating that the oxide thickness variability has
negligible effect on the TDDB distribution.

Experimental resultsand discussion
Firgly we comparethe TDDB digribution of poly-S channd FET to

that of S(100) channd with large channd area, over ~10%[cm?].
These aeas were lager than poly-S grain sze Fg.3 shows the
Weibull digtribution of Chargeto breakdown (Qbd) for poly-Si channd
and S(100) channd for large channd area under positive bias stress.
Small B (~1.2) and large B (~1.8) were observed in poly-S and S(100)
channd, respectively. Fig.4 shows the oxide thickness dependence of
Webull B for poy-S channd FETs and S(100) channd FETs.
Weibull B strongly depends on tox and the data () reported by severd
research groupsincluding our experimenta data [4,5] follow the same
trend in the case of gate oxide grown on S(100). However, it should be
noted that Weibull B for the gate oxide on poly-Si channd is clearly
gnaller than that on S(100). These reaults indicate that the
characteridics of defect generdtion in gate oxide on poly-Si channd is
different from S(100) channd. In order to investigate the behavior of
defect generation, we measure the SILC(Stress Induced Leskage
Current). Figs.5 (A) and (B) show SILC(AJJ,) asafunction of injected
charge (Qyy) for poly-S and Si(100) FETs with large channd area
under various gress voltage SILC for both FETs shows power law
dependence of Qy,; and increases with increasing stress voltage. SILC
corresponds to defect generation in gate oxide and can be described as
SILC = £ (Qpy)”, where & shows defect credtion rate[6,7]. Fig.6 shows
the Vg dependence of the defect generetion rate, &, for poly-S and
Si(100) FETs The expaimentd data for S(100) reported in the
literature] 7,8] was dso plotted. & of poly-S FET islarger than thet of
Si(100) FET, though a for poly-S and Si(100) are dmost the same
value (a~0.6), as shown in Figs 6 and 7. From these results defect in

SO, 0n paly-S channd is created easer than that on Si(100) channd,
though defects generdtion processin gete oxide on poly-S channd are
similar to that on S(100) channd. Therefore, the fragile sructure due
to paly-S, i.e, S surface arientaion or grain boundary, dominates the
breskdown of SO, on poly-Si channd.

Then we discuss the influence of channd scaling on device
characterigics and rdiability. Fig.8 shows the channd area dependence
of drain current ratio of poly-S channd to S(100) channd with
various L/W. In larger channd areathan 10%a?, |4 of poly-Si channd
FET is amale than that of Si(100) channd FET. This ratio increases
with decreasng channd area especidly smdler then 10°%cn?,
indicating that scding of channd area can mitigate the mobility
degradation by grains in poly-S channd. Then, we investigate the
TDDB chaacteridics of poly-Si channd FET with smal aea
comparableto poly-S grain sze Fg.9 shows the Wabull digribution
of normalized Qg of poly-S channd for various channd area. Weibull
digtribution becomes steep, due to decreasing tail of digribution with
scaling the channd area. Fig.10 shows the channd area dependence of
Weibull B for pdy-S channd FET and S(100) channd FET. Weibull
B were obtained by fitting of all Qu data for each device area In
poly-S channd FET, Wahbull  becomes larger with decreasing of
channd area. In addition, Weibull 3 for poly-Si channd FET with large
areaisnearly equd tothat for S(110) or Si(111). Weibull  for poly-Si
channd FET with amdl channd area shows amog intermediate value
among that on Si(100), S(110) and S(111) channd FET.

Fig.11 shows the sthematic diagrams of breskdown of poly-S
channd with large channd area and amdl channd area. In large
channd area, as shown in left upper figure of Fig.11, oxide grown on
grains of Si(111), S(110) surface orientation or grain boundary can
dominate the extringc breakdown in poly-Si FET because these oxides
have rdatively fragile structures [4]. Therefore, pady-S channd FET
shows wide didribution (3~1.2). On the other hand, steep didribution
(B~2.4) was observed in the larger Quq region, shown in right upper
figure of Fig.11, corresponding to breakdown of SO, on S(100). In
the case of smdl FETS channd area of a FET becomes dmog the
same with grain sze of poly-S. Therefore some FETs are probably
formed on the angle arystdline grains and breskdown characterigtics
depend on each S surface arientation. Asaresult, intring ¢ breskdown
characteridics of SO, on S(100) appears in Qy digtribution with
scaling channd area.

Conclusions

In this paper, the influence of poly-S channd on gate oxide
breskdown characteridtics was investigated. As areault, in the case of
larger channd area comparing to grain sze, the Webull B of poly-Si
channd are amdler than that of Si(100) channd This isalmost equd
to tha on S(110) or Si(111), indicating that the breakdown of most
fragile sructure dominate the breskdown in large area poly-Si FET. In
addition, the Weibull B of poly-S become larger with channd area
reduced comparable to gran size because intringc breskdown
characteridics of SO, on S(100) appears. Further device size scaling,
grain size control and orientation engineering of poly-S can improve
therdiability of poly-Si channd devices
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