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A■thOugh it has been only 3 years s■ nce the first reportl)on amorphous― s■ ■icon fie■ d― effect

transistors (a― Si FETs)was pub■ ished, many researchers have shown great interest in a― Si FETo This

■s because the FET seerls to be the best non― ■inear dev■ ce for active¨ matrュ x― addressed ■arge―area

pane■―disp■ays and image… sensors. In this presentation, I wou■d ■ike to rev■ ew our recent theoret―

■cal and exper■ mental results on a¨ Si field_effect devlces and its ■ntegrated c■rcu■ ts.

TransistOr characteristics were ana■ yzed2)by assullling that the localized state density (LSD)

distr■ bution ■n a― Si takes an exponentia■  form w]th respect to energy. The resl,■ t indicates that the

s■ope of ■og ID   
・

°g VG Curve ■s a functi_on of a characterlstic temperatlJre TG °f LSD distr■ bution.

This feature coincides with experimental resl,lts as shown in Fig。 1. The two― folded lines which

approx■mate the exper■ menta■  data  ■ndicate that LSD distr]bIJtion ■n a・・Si has two TG Va■ ues of

about 750K and 320K. In order to ■ncrease the on― cllrrent, it is espec■ a■■y important to decrease LSD

W・th TG 320K, whi■ e ■n order to ■Inprove the on― off trans■ tion ■t is espec■ al■ y important to decrease

LSD with TG 750K.

From the experimenta■ ■y obtained ■inear ID… VD Characteristics of the FET with SiON3)as a gate

insu■ator, which was deposited by  arc― discharge &eposition method4)。 f a siH4' C°
2 and N2 mixture,

we eva■uated the fie■ d― effect mobi■ ity, by using a simp■ e MOSFET equation, as high as l.9cm2/vs,

which is about one order ■n magn■tude ■arger than the one reported to dateo This excel■ ent resu■ t

w■■■ be brought about by the ■mproved interface character■ sltics which resu■ ted from the success■ ve

depositions of a― Si and SiON within one― pumpdown and by high quality a― Si fi■ m deposited in weak・・

fie■d p■ asmao Howeveri further studies to c■ ar■fy the origin of these results and to ■dentify the

u■timate mobi■ ity va■ue must be carr■ ed out. The preserlt high― mobi■ity a― Si FET w■ th channe■  length

Of 10 um and supp■ y vo■tage of 5V is ca■ cu■ated to have a transit time T of about 100ns. Thus the

dynamic ■ogic circuit wi■ l be ab■ e to operate at about lMHzo To obtain such a high speed operation,

however, the se■ f‐alignment techno■ ogy )must be achieved. This techno■ ogy w■ ■■ a■ so be ■mportant

from an econom■ ca■ v■ ew po■nt, because ■t decreases one of cr■ ti ca■ steps ln a― Si FET fabr■ cation as

in MOS IC fabrication。

E■ectrons trapped in ■ocalized states also affect the dynam■ c performanceo The ana■ ytica■

resu.t6)is shoIAln ■n Fig.2. It indicates that if TG 600K, more than 90% of e■ ectrons stored under

the gate whi■e the gate vo■tage ■s high, w■ 1l be re■ eased w■thin 50T after the gate vo■ tage turns to

zero. Since the res■ dua■  e■ectrons are removed rapid■ y, it seems poss■ b■ e to construct charge―

coupled devices (CCDs)by using a― Sio Figure 3 shOws a proposed cross― sectiona■  view of the device6)

The dev■ ce operates e■ther ■n the therma■  equllibr■ um state  or the accumu■ ation stateo E■ ectrons

are transferred across the a‐ Si fi■ m from the surface near one gate tO the Oppos.te surface near the
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next gate. This electrode configuration solves the problem in a-Si CCD that the fiel-d penetration

depth in a-Si is very short. The proto-type CCD wlth J transfer electrodes operated and a transfer

effi-ciency of 70/*95% per transfer was measured.

Another application of a-Si field-effect devices is for three-dimensionally integrated
ry\

circuits'', because high-quality a-Si film can be deposi-ted on various substrate materials at

relatively low temperatures, The proto-type integrated inverter whose cross-sectional vj-ew j-s shornrn

in Fig.4., operated successfully" The result indicated that the threshold-voltage-shift of the a-Si

FET is important to eliminate mutual coupli-ng between the FETs. Such a circuit seens to be

especi-ally useful for large-area two-dimensi.onal inage-sensors where the switchlng FETs are const-

ructed on a varied layer under the upper a-Si photo-sensltive-elements.

In conelusion, the a-Si field.-effect devices reviewed. 1n this presentation' are potentially

useful. However, vari-ous problems renain. The most serious one is the instabi.lity of the eleetrlcal

characteristics, which must be eliminated in the near future.
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