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Experimental Study of AmoFphous Si■ icon lntegrated circuit

Yasuo Nara and Masakiyo Matsumura

Department of Physica■  E■ectronics, Tokyo lnstitute of Techno■ ogy

Meguro-ku, Tokyo, 1JZ, Japan
Recently much attention has been paid. to amorphous sllicon (a-Si) prod.uced by glow discharge

decomposition of silane, since this nraterial exhibits interesting properties such as l_ow localized

state densities, hlgh dark resistivity, ability to accept almost any material as a substrate, and

so forth. In this presentation, tue irill describe experimental results about previously proposed

a-Si Field-Effect-Transistors (fnfs) loqic circuits.l )

Fi -,,-^ 4 ^u^--,xlgure I snows an equivalent circuit and a crogs sectional view of the fabricated device. lle

used fused silica as a substrate and rnolybdenurn as a gate electrode because heat-resisting metal

and substrate were requlred for high temperature annealing to improve the CVD Sioa gate-insulator

quality. Since the driver FET has tn ,,*- n-- ,r* structure and positive gate voltage VIN i"
applied, it operates in an n-channel- nod.e. The n* a-Si region blocks the hole lnjection and

therefore prevents the FET frorn fall-ing into p-channel operation when Vr* is low urd VOUT is high.

Since the foad FET has an A1- n-- A1 structure and since negative voltage V*O is applied to its
gate, it operates in a p-char-"l rod".2)

The fabrication procedure is as fo1lor+s. First,nolybdenum was deposited by the el-ectron-

beam evaporation method. on the fused silica substrate. The f1lm thi-ckness was about 4,ood. After
patterning Mo, SiO, was cleposited by low tenperature CVD nethod. The SiO,, thickness was about

o'L
30004. Then the samples were annealed at 80OoC in N, for 30 min. 1n ord.er to improve the Si0,

quality. Next,n- and n' a-Sl layers were deposited by hot-cathode arc-discharge d.ecomposition of

SiH, and SiH,+ PH.' respectively. Details of this rnethod will be d.escribed el-sewhere.3) rinatty44J'
41 was evaporated to form the source and drain of the load FET and interconnection lines. Figure 2

shows a ulcroscopic photograph of the integrated. invertbr. The channel leneth and i^rld.th of both

the driver and load FET were 10pm and 10OUn, respectively.

The transfer curves obtained from the integrated inverter for various V** values are shown in
Flg.3'where VOO was fixed at {0V. The dotted l1nes are the theoretical transfer curves. The

output voltage VOO, changed sharply near the logical threshold voltage (about 15-ZOV) and ideaL

step-1ike transfer curves were obtained. The srnaLl-signal galn was about'10. The logical threshold

increased with the increase of the absolute val-ue of VGG u" previously theoreticaLly predicted.l )

It is worthy to note that since the hole mobility is about two orders of nagnitud.e less than the

electron mobillty, large negative voltag" VCC was necessary for the load FET to obtain sufficient

current.

By interconnecting nlne inverters, an integrated ring-oscillator was fabricated. Figure 4

shows the relation between power dlssipation per gate and propagation delay time per gate. In this
figure Voo vas fixed at 100V and V** was changed.. The power-d.e1ay product per gate was constant
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and about d80pJ. The maximum osclllation frequency was 5OOHz, Thus the nininun propagation

delay per gate was calcul-ated to be about 110psec.

In conclusion' we have denonstrated the novel a-Si loglc circuit. The static characteristics

were confj-rned to be very good and the a-Si FET ring-osc1l-lator operated for the first time. We

hope that this ci-rcuit can be used for self-scan large-area image-surr"ot.4) and in future three-

di-mensional integrated circults.
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Fig.1

An equivalent circuit and a cross sectional view

of the fabricated inverter.
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Fig.3

Transfer character■ stics of the

■nvertere
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Fig。 2

A microphotograph of the inverter
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Fig. /u

Relation betveen power dissipation per gate and

propagation delay time,

- 46-


