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Jlltmduaion 
h t l y ,  Doub1e-p.k @G) MOSFETs [I] have been amacted 

htmsive attentiom as an e"g device in the ultimate d e d  
MOSFETs due to its excellent &&"el e f f m  (Xk) immunity. 
So fiq a mher  of &type DG MOSFETs ( F i i s )  [24 have 

expimentally. The DG MOSFET is also chamctenzed ' a s a  
four-temid devioe [7, 81. To OUT Medge,  h o w a ,  there has 
been no qmt of a threshold voltage (Vd controllable FinFET in the 
shnt gate length regime. lhis paper ckmomhatq fa the tits? he, 
flexile threshold voltage 80 nm gate I@ FinFETs W-FinFETs) 
with i dep&nt  double gates fabricated by using the newly 
developed o r i d o d q e d e n t  wet etching [q. We also qat 
excellent e x @ n d  & ofthe v, mrdrol by the semnd gate 
and the synchronizedddving mode opedon by the double g&s. 

been repoaal and its hi!& F€€fOnnalh% have alRady ken "ed 

Fabrication p- 
Th"dd schanatic diagram of the proposed F T - F m  

and the fabrication process flow are shown mFig 1 and Fig. 2. First, 
heavily dopea n" s o u "  ' (S-D) contact regions wae bmed 
with the same p" as d e d i  in M. 6. ", nondoped 
silicate glass ("3) and N& (Si&) layers w m  deposired as 
shown in Fig. Xa). The Fin pattan was saped in pamuel with the 
<11> direction by EBlithography and the Si-Fin was foaned by 
etching the (110) SO1 layer with a 238 YO teham&yh"i um 
hydmxide 0 sohmon (Fig. 2@) and Kc)). Afler the 

22-m-+hick gate oxide (U f d o n ,  the n+ poly silim (p0ly-S) 

the PSGtNSG layers were deposltedby LPCVD, andlhe n'doping 
forthe S-D extension was performed by FSA To seprnate the initial 
polySi gate e o n ,  the convex a m  a! the cross-region of the poly-Si 
gate and Si-Fin was poljsbed to the SiadNSG stopper !ayer by using 
a CMP pmxs.. Thm, a IlC-nm-WNSG layer vas deposited hy 
LPCVD (Fig. 2(e)). F d y ,  the contzct bles and aluminum 
elecbodes wae f m e d  and sintaed in a p u e  HZ amhientat 400 "C 
for 30 min (Fiig. Xf)). 

R e s u b a u d ~ n  
Figures 3 and 4 show the SEM images of the Fabricated 

FT-FinFET hefors and a t k  the CMF! It can be confinned that the 
CMP prwess was wxesddly stopped a! the SiadNSG layer and 
the poly-Si gates were mnpletely q"td The d a g d  

Fig. 5. It is notewdy that the Si-Fin shows an ideal reawgular 
channel shape. We define the left gate (GI) as adnving gate and rhe 

gate wasmade by u s i n g ~ ~ b  and (Fig. Ka)). 

dodSTEMimageof the~CatedFT-FinFFTisshownin  

right gate (Gz) as a coml gate. The memud kVK1 and bV,  
dmakridcs of the FT-FinFET with the 43-nm-thick Si-Fin channel 
and 8C-nm gate length (LJ are shown in Figs qa), 6(b) and qc). It is 
clear that the s-dope and off-state aJnalt are " a t i c a l y  improved 
and the V, is effectively changed in a positive direction, by applying 
V, limn Oto -1 V. Ihe Si-Finthickngs (Ta dependence ofthe 
suhthmhold ch" ' 'cswithVpasapffdmetaisq"entaUy 
shown in Fig. 7. It should be noticed that the V, ?MI rate 
with ducing T.. Both the e x p a h d  and simulaied d t s  of the 
V, (@ ~d = io4 Npm, V, =0.05 V) and %lope as a t i m t i o n o f ~ ~  
for the FT-FinFET withT, = 43 nm and & = 80 nm are 
in Fig. 8. lke experimental data are in M y  gomi agreRllRltwiththe 

maal gate, an op!jmal V, with low v,l or 0 V can be obtained 
Figure 9 showsthe simulated &ts ofthe V, and %lope for the 
FT-FinFETs with asymmdc gate oxide thickasses. It is remadrable 
that the sslope is greatly i m p v d  with incmingt&~cloless in 
the low [Val legion Such asymmetric gate FT-FinFETs are now 
m&z develop& The measmd kV,, c-m at the 
sy&mizd ddving mode, (a) Vp = V,,, i.e., double-gate mode, @) 
V, = V,,-0.5 V aml (c) V, = VK14 V m shown in Fig. 10. It should 
be noticed that the %lopes keep almost the same as mat of the 
double@e mode, hut the V, varies 6um -0.25 to 0.03 V by 

This is a unique fealure of the indepRldent double gates MOSF€k 
Conclu40a 

*one$ especiauY at low Iv,l r;mge. By adopfing apIoper 

changing the gate voltage conditim limn v, = v ,  to v, = v,-1 v 

The FT-FinFETs wah independan double gates and an ideal 
rectangular d o n  Si-Fin chramel have SUCCeSSfUllY been 
fabricated by using newly developed orientationdepnht w e  

etching The flexihle V, mntmllabihy by using one of the dcuhle 
gates as a coml gate and by the synchronized driving mode 
OpdionisqahedI y confirmad The developd pnresses are 
attmctive for the fabrication of the &vaned -gates FinFET 
for a flexile iimdion VISI ci&t 
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(a) Si,N,fNSG deposition. (d) Gate oxidation & n* 
Poly-Si deposition. 

AI 
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(e) Elching SO1 by "MAH. (0 Aklectroder formation. 

Fig. 2. Fabrication process flow for the FT-FinFET. 

BOX BOX 

Fig. 4 PIam SEM images of  the fabncarcd FT-FinFET with 
indrFndent double gate, after CLU' pmrdrr. 
Gac lcnah L,= 80 nm. Si-Fin length 4"- 400 nm. 

Fig 5. Cmrr-sectional SIEM image ofthe fabncaled Fl-FmFPl. 
lbe ideal reclangular cmsr-scction %Fin and the completely separated 
two gates, gate- 1 (ti,) and gatc-2 CCiJ. cm clearl) be confirmed. 
'Ihe garc oxide th&nrrr for euh gate IS rhs iamc value of I,,, - tyd = 2 2 nm. 

(a) I.-V,, charactenstic$ at fixed Vu = 0 V and . I  V, (bJ and (cl I,-Vd ~haractenrucr ill Vu = 0 V and .I V. respedvcly It i s  clcar 
ha h e  Ihrehold volugc of h e  FT-FinFET dramatically shifts in a pwitive direction by changing Vy fmm 0 to - IV. 
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Fig. 7. b-V., characteristics of the fabricated ET-FinFETs with different Si-Fin thicknesses h m  43 10 73 nm and with different V3 
(aHc) log-scale and (dH0 linear-scale. The gate length for all devices is 80 nm. The V,, shift rate increases with reducing Si-fin thicknerr. 
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Fig. 8 (a). Experimental and simulated results of the 
V, & S-slope as a function of Vsfa the FT-finFETs. 

Fig. 9 Simulated results of the V, and S-slops for the 
ET-FhFETs with asymmetric gate oxids thicknesses. 
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fig 10 Expcnmenwl ld-V8, chmlcri,licr of lhc fabricated FT-FmFFT with I., = 80 nm and T, i 42 nm a1 thc rynchronved dnvlng mode 
operanon, (a) double-gate mode (V,, 7 \J, (b) and (c) V y  = V,,O J V and Vy = Ve,. l  V .  It is noiewunhy that the S-slopci keep almost the 
same as lhai of the double-gale mode. but the V,rhif& from 4 . 2 5  10 0.03 v by changng the gate conditwn from Vo = V*, 10 V p  7 V*, - I  V 
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