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A 5 nm Thick Ultra-Thin Double-Gated Poly Si TFT Using Si2H6 as a Source Gas

T.Ueda, H..Koniya, T.Ashida and R.MJ.yake
IC GROUP, SHARP CORPORATION

26L3- 1 , f chinomoto, Tenri r lf ara 632, Japan

A 5nm thick ultra-thin double-gated Poly Si TfT uslng SirH6 as
a source gas has been developed. U1tra thln Poly Sl flln befieftts
low off current(Ioff) tlJ and double-gated structure lnproves on
current(Ion). [2] In this work, Ioff less than l0fA/un and on/off
current ratio ( Ion/Ioff ) more than 184 are accompllshed. These
characteristics could satisfy the denands for l6Mblts SRAMs with
very low standby current and htgh cell stability.

A double-gated structure of Poly S i TET ls shovrn ln F 19 . 1 . Top
gate (TG l is el.ectrlcally connected with bottom gate ( Be I . A 350nm
thick P-Poly si BG with 0.5um width $ras f abricated on thermally
grown oxide. After slde waII spacer and 150nn thick lower gate
oxide f ormation, ultra thin Sl f iln as a TBT body vras deposlted
at 500C by conventional LPCVD systen using SirHA as a Eource gas.
A. 35nm upper gate oxide $ras grolun by LPCVD at-AdOC. A 150nn thick
P-Poly si TG formation just on thq BG was followed by B+ ion
lmPlantation at a dose of 4E14cm-a to form source and drain
reglons, when TG with photo restst acted as a self-aligned mask
as shown in Eig. 2. CVD oxlde and BPSG $rere deposlted and annealed
at 950C in N, for 30min. After contact hole opening and AI-Si
metalLization; devices rdere sintered at 420e. Hydrogenatlon was
not carried out ln this process.

Fig. 3 shows TEM photograph of 5nn ultra thin Si f ilrn as a TFT
body. Its grain size is about 25nm as the same as 5 tlnes of film
thickness. In Si LPCVD, with decreasing deposition temperature
nucleus density increases and island growth is suppressed. As a
result' ultra thin continuous f iIn gror{s. Because Si?H6 is
diEsociated at lower temperature than that of conventionaf S-iHa,
SIZH6 is attractive Eource gas for the well-controlled growth of
ultra-thin continuous Si filn, 819.4 shows drain current(Ids)
characteristics of 5nm ultra-thin double-gated TFTs with various
TG width(tft) at drain voLtage(Vd)=-4V, in which Bc wldt,h(t{b) of
all 1s 0.5un. By thinnlng Poly Si to 5 nD, Ioff drastically
decreases and reaches to 4fA/un.

Elg. 5 shows Iof f , Ion and Ion lloft of 5nm thick ultra-t,hin
double-gated and single gate TFTs with a 0.5un wlde BG as a
f unction of l{t. Single gate Tf Ts have the Eame structure as
double-gated ones, but their TG are only biased. Both of lon and
Iof f decrease in I{t between 1.0 and 1.5un. Fortunately, f on of
double-gated TFTs is larger than that of single gate TfTs. This
reductlon of lds is caused by vertical offset structure for TG as
shown ln flg.2, where TG ls sllghtly wider than BG. At the tlne
of B+ ion lnplantation to source and draln reglon, TFT body along
side wall of BG 1s not lmpLanted because lon dlrection I s
paralleL to it, which results ln offset formation. In the case of
slngle gate TFTs, offset region behaveE only reEistor, while in
the case of double-gated TFTs, it ls modulated by BG and lon is
lmproved. Because of thicker slde wall spacer than that of gate
oxide on BG, electric field in the offset region is weak but lts
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effectiveness is sufficlent for high Ion /Ioff.
fn conclusion, 5nm ultra thin PoLy Si can be deposlted by

us lng S i rHA as a source gas . Us ing it, double gated TFT s wlth
vertj,cal -offset region for top gate have accomplished loff as low
as 4fAlun and Ion lToff as hlgh as 384. Ultra-thin double-gat,ed
TFTs wiIl promlse lSMblts SRAMs.

Authors wish to thank Mr.Nakano for his help 1n TEM
observatlons.
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Lg.2 Schematic cross-section
verttcal offset structure

Fig.3 TEM photograph of 5nn
ultra thin PoIy Sl film
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Fig. 5 Ioff, Ion and Ion lToff
of double-gated(D) and
single gate ( s ) TFTg as a
function of Vft at Vd=-4V
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