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B6-2 N-channel Si-gate MOS Devices on Sapphire Substrates
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TOSHIBA Research and Developrnent Center
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Increasing interest is being shown in MOS LSI's using SOS (Silicon on Sapphire) and C-MOS

integrated circuits on SOS have been actively developea (l). t/O type (Enhancernent/Depletion

type) MOS devices on SOS, however, have not been reported. In this work, we have successfully

fabricated the n-channel E/D type MOS devices using Si-gate and ion implantation technologies.

SOS filrns used were high resistivity (l0O)-oriented P-type Si filrns of I prn thick. Figure I

shows gate voltage vs. {rain current of an SOS n-channel MOS transistor (channel length L=8 prn,

channel width W=100 prn) without ion irnplantation. The drain leakage current of 3.5 x t0-10A

was obtained at 20 'C. The ternperature dependence of the drain leakage currents over the range

of 25 " C to 150 "C showed activation energies ranged frorn 0.54 to 0.59 eV, The sarne values

were obtained in the p-channel MOS transistors on SOS. These values are consistent with

Boleky's result (l) oUt"in"d frorn the p+-n and n+-p diodes. These results suggest that the

Leakage current rnay be due to the generation current. In Fig. Z, tt.e effective rnobilities in the

triode region of the n-channel transistors are shown in cornparison with those of bulk Si n-

channel transistors. As seen in Fig. Z, the rnobilities of SOS n-channel transistors are 60-70 To

of those of bulk Si n-channel transistors. On the other hand, no difference was found in the

rnobility between the bulk Si and the SOS p-channel MOS transistors.

life have succeeded in introducing ion irnplantation technology to the SOS MOS process.

The use of this technology leads to rnore precise control of threshold voltage (V1) and rnore

sirnple process than the two stage epitaxial rnethod (Z) in the fabrication of E/D type or C-MOS

circuits. Figures 3(a) and (b) show the drain current characteristics of an E-type and a D-type

n-channel MOS transistor fabricated using ion irnplantation respectively. For the E-type

transistors, boron ions were irnplanted at 60 kV, and for the D-type transistors, phosphorus

ions were irnplanted at I70 kV.

Using the above-rnentioned technologies, we have fabricated n-channel E/D type ring

oscillators of 2l-stages. The ratios of.W /L of the load and driver transistors of each stage are

16 rulrlr/ 6 urn and 3Z yrn/ , pttr, respectively. The wave {orrn of the ring oscillator at a supplyt,Il't

voltage of 5 V ig ehown in Fig. 4. The propagation delay time is 1.? nsec/stage with V1p of

0. 9 V and V1p of -3.4 V. In spite o{ low effective rnobiLities of the transistors as shown in

Fig. Z, we have succeeded in fabricating such a high speed MOS IC.
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(a) E-type transistor' VTE=1.
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Fig. I VC - IO characterietic of
n-channel transistor
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(b)D‐type transistor,VTD=¨ 2.4V

Fig。 3 Drain current characteristic8 0f
n… channel transistor3
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ID=l mA/DIV。
VG=l V STEP
(0 10V)

OscilLation wave forrn of
ring osciLlator

:ON IVPED
RCAO(:謙覆淵鮮駐哨■静割帯踊

NA32X1011パ澪F:LM THiCKNESS l m

Fig. 2 Effective mobility of n-channel
tranEistors
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Fig。 4


