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Contribution of ga.te fringing capacitance to CMOS/SIMOX inverter time delay 
in deep sub-micrometer gate is propounded. Measurements of the fifty-one 
sta,ge ring oscillator's time delay are completed for compa.rison with a~lalytical 
model. Propaga.tion Delay Times(TPD) by reducing Poly-Si gate thickness 
were improved up to two times in deep-submicron CMOS/SIMOX inverters. It 
is conclutled tha.t SO1 technology is promising for a high speed by reducing gate 
fringing ca.pacita.nce which is correla.ted to the poly-Si ga.te thickness. 

D e e ~  sub-micrometer gate SO1 devices built in ultra-thin Si film have attracted much " 
a,ttention for t,heir high performance. It, is generally acknowledged tha.t the ga.t.e oxide 
capacitance strongly a.ffects on the TPD [I] [2][3] [i], however parasitic capacitances 
other than the ga.t,e oxide capa.cit~aace become a. ma,jor fa.ctor linliting device speed 
with device 1ninia.turiza.tion [4] [5]. In this paper, we studied on the contribution 
of gate fringing ca,pa.cita.nce to the time delay. Reduction of poly-Si gat,e thiclcness 
pro~ortioua.lly tlecrea.ses the ga.t,e fringing ca.pa.cita.nce as shown in Fig. 1 and Fig. 
2, resulti~lg in high speed of fa.brica.ted SO1 CMOS inverters. It is indicated that a 
method for retlucing t,he poly-Si ga.te thiclcness is proposed to inlprove the TPD as in 
f t~ture SO1 technology. 

2. Formulation for Model 

It has been report,etl[5] t11a.t gate ca.pa.cita.nces of ClMOS/SOI inverter are composed 
of gate oxide ca.pa.ci tance, Cr,,, ga.t.e fringing capacitance, Cf and wiring capacitance, 
C,, in nMOS and pMOS devices. A suggestion for high speed has also been raised 
by reducing pa.ra.sit.ic ca.pa.cita.nces ot,her tlha.n intrinsic gat,e oxide ca.pa.cit,ance using 
effective time-dependent ca.pa.citance model [GI. I n  this study we focused on the 
contribution or t,he C.'/ to the de1a.y time, reducing poly-Si ga.te thicknes (t,,). It 
is found that gate fringing capacit,ance (Cf) is significantly decreased by reducing 
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the t, with assumption of invariable resistance for poly-Si gate as t, = 350 (nm) 
whose assumption ca.11 be done by salicida.tion technique. The formulation of Cf is 
separated into three components a t  various distances from the edge which involves 
tra.nsforming a rectangu1a.r electrode and ground plane into the complex potential 
plane [6]. Introducing the parallel plate model for Co, and summarizing the gate 
fringing capacita.nce, Cf ,  in the CMOS/SOI inverter as follows: 

where Lg is gate length, Wg is gate width, cox is permittivity of oxide, c,i is permittivity 
of nitride, and 

(0.613 + In(:) + (z) ln(a)) 
Y =  7 

lr 
(2) 

while constants for u a.ncl a are determined by the following equations: a = -1 + 
21C2 + 2i ( (K2  - 1)'12 and u = (R2a - 1)/(R2 - I) ,  where It' and R are calculated as 
follows: 

Ii' = 1 + t,,,/tOE, (3) 
a.nd non1inea.r expression on R. as 

We a.nalyzec1 the influence of the Cf via va.rying the poly-Si gate thicl<ness, t,, ap- 
peared in eq. ( : 3 ) .  The consta.nt, R, should first be solved nuillerically to evaluate 
the fringing pa.ra.meter, y, in Fig. l ( a )  and corresponding Cf in Fig. 2(a) varying the 
poly-Si gate thickness, t,. Fig. 2(b) shows the calculated results for the conventional 
gate oxide capacitance, Co,, using the pa.ralle1-plate model, Cg(t) by new model, gate 
fringing ca,pa.cit,ance, Cf? in ecl. (1) by the above sequence and drain-substrate capac- 
ita.nce, Cd, using the para.lle1-plate model for the buried oxide. It is noted that the 
gate capacita.nce wa,s formulated using a Time-Dependent Gate Capacitance(TDGC) 
model, C,,, ( t )  [6] a,s follows: 

where c?) a,nd c(') a.re ga,te fringing ca.pacitances of nMOS and PMOS, respectively, 
C comprises bod1 of metal wiring stray capacitance Cmetai and drain-substrate ca- 
pacita.nce Cd. However, the Cmeta) is negligible for SO1 circuits. Cg(i) at  a.verage of 
nMOS pull-down and PMOS pull-up circuit is shown in Fig. 2(b). Details for the 
Cg(t), TDGC model, are expressed 161. The output level VOut(t) of an inverter during 
low-to-high transient process of the inverter gate potentia.1 can be represented a.s 

where InAaos is the nMOS dra.in current a.nd C,,lt(t) is output capacitance in eq. 
(5). The eq.(6) was solved numerically with dynamic change of the InAQos. The 
program sequence for the Propaga,tion delay time(TPD) is depicted in Fig. l (b) .  The 
TPD is defined a,s an a.vera.ge of a. time for 50 % Vdd of nMOS pull-down circuit and 
PMOS pull-up circuit 1.51 [6]. Details for numerical technique by multistep methods 
using Milne's P~~ed ic to~Coi~~~ec to r ,  MPC, a,lgorithm are explained in [5]. It was found 
that the MPC a,ppea.rs to be somewhat Inore favorable than other techniques such 
as Runge-liutta. 5th order method [S] and Adams-Moulton method [8] such as better 
a.ccura,cy by the itera.tions. economing the nuinber of corrections? a.utomatic error 
estima.te at  each step which will nlini~nize the colnputing time [9][10][11]. 
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To provide experimental support for the ana.lysis in section 2, we measured DC cha.r- 
actiristics and TPD a t  va.&us operating frequencies and power supply voltages at 
three-terminal SO1 MOSFET's and CMOS inverters, respectively. The devices were 
fabricated a t  Nippon Telegraph and Telephone(NTT) with poly-Si gate thickness(t,), 
350(nm), same a,s [GI. Typical ca.se TPDs a.re clearly shown as solid circles in Fig. 3 
at  t, = 350(nm) for compa.rison with experinlental results. Fig. 3 also shows other 
simulated results a.t different ga.te thicknesses a.nc1 supply voltages of 1.5V and 2.OV. It 
is found that approximat.ely two-time decreased speeds to the typical case TPDs were 
observed as the ga.te thickness was approached to zero. It is inlplied the reduction of 
Cf was obtained by decreasing the t, and was significant to improve the propagation 
delay times for next generation in integrated circuit, i. e., high speed a.s in SO1 Future 
technology. 

4. Conclusion 

Contributions of ga,te fringing ca.pacita,nce on the propa.gation delay times a.re stud- 
ied. It is conclucled t1ia.t recluct,ion of the poly-Si gate thickness(r'.,,) decreases t,he 
gate fringing cal)acita.nce(Cf), resulting in improving the propa,ga.tion delays up to 
&out t,wo times t,han t,ypica.lly simula.tec1 TPDs. This is promising for high speed 
CMOS/SOI devices by reducing the t ,  wit,h current SO1 technology. Thinning the 
t, for high performance is proposed in CMOS/SIMOX technology. It is also predicted 
that this proposed reduction of the ga.te height leads to low power as next generation 
in integrated circuit. 
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Calculate for the y , varying 1, in eq. (2) 

1 
0 0.0 Calculate lor the C , in eq. (1) 
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G a t e  lengths  [ p m ]  * 

Insert into ( 5 )  and simulate cq. (6) lor T P D  

(a) (b l  

Fig. 1 (a) Simulation result5 for gate fringing parameter ,  y, reducing poly-Si ga te  t l~ ickness  (Irn) 

(b) Program sequence to ohtain the gate fringing capacitance (C ) for the delay t i n ~ e .  
f 

(a) (b) 
Fig. 2 (a) N o r m a l i z e d  Cf by g a t e  w i d t h ,  d e p e n d i n g  u p o n  poly-Si g a t e  t h i c k n e s s  ( tm).  
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(b) N o r m a l i z e d  g a t e  c a p a c i t a n c e s  by t h e  gate w i d t h  b a s e d  on m e a s u r e d  p a r a m e t e r s .  
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O t h e r  Solid lines : TPDs with Cr @ different tm = 300nm to 00 nm.  
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