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I. Introduction Recently, interesting worksl’z) have been published on the gate-

voltage dependence of surface-acoustic-wave (SAW) convolution in the monolithic

MIS structure such as Si/SiOE/ZnO/Metal system. However, the theoretical an%%ysis

of the experimental data could not be carried out because there is no theory
for the gate-voltage dependence of SAW convolution. In this paper, we propose a
new nonlinear theory including the gate-voltage dependence and the effect of
surface states based on a simple model of the monolithic system, and then we
confirm our theory in the experiment on a Si/SiOE/ZnO/M system.

II. Theory In Fig.l is shown a convolver

configuration of n~Si/Si02/ZnO/A1 system, on Convolution

) Bias /5. Out
which we develop the theory. We make the o Jii
following assumptions. i) One-dimensional model w i Shn W

) . . Zno (5u)
; we treat the interaction only in the x 8i0. (0.1n)
. . . 5 s ] L2

direction. This assumption is valid when W& A YT *2 n-8i(“300u)
(W: width of depletion layer, A: wavelength of S

SAW). 1ii) Quasi-static condition; it is suffi-
cient to solve only Poisson's equation under Fig. 1
the quasi-static condition when c.uc))w (OJC: dielectric relaxation frequency, w :
angular frequency of SAW). This assumption means that we consider the lossless
medium. iii) Constant transverse field approximation in ZnO; the electric field
induced by SAW is transverse to the propagation direction and is constant within
Zn0. This assumption is valid when d &« A (d: width of ZnO). The above assump-
tions are valid for the usual system of n-Si (‘f=10011cm.)k=1500cm2/Vs. T=300K)
when £<100 MHz. When we take out the convo-
lution output using the parallel peaking
circuit, the equivalent circuit of our system
is given as shown in Fig.2,

We can develop the theory by extending the

usual C-V analysis of MIS structure’ to v .
s

include the nonlinear terms. If we denote the Vo Ry

potential in the semiconductor by _T-

Vo= Vo + §¥ - W (e8%/RT<1)
(1%0: dc gate potentiaks*%: induced ac gate
potential), the final expression of the current is given by
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(QS: space charge at the surface of semiconductor, Nss: surface state density, c

iy =

i
capture cross section of electrons, fo: Fermi distribution at '+g=ﬂ;o, nsozsnrface
electron concentration when the Fermi level lies on the surface level),.

The relation between the total potential §V in Fig.2 and Eﬂg is given by

§Y%s = §V/U + Cp0/C) ==~ --- (1)
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In the case of ideal MIS structure, we obtain

bs,20 = (1/2) {120 (3C/aV),, } 8V} (YY), = (3Cau/31§)¢a [(GofcH)] = trd)e
which gives the peak at

V. pear =~ (1/26) (1+ Ce /Com) =1/2f <~ - o (D,
where Cl«(%LFB (CD,FB depletion layer capacitance at the flat band, 1/C; l/CZnO
+1/C0x). Therefore, the convolution signal — -

(8) in the ideal MIS structure is proportional

to the derivative of C-V curve and has the e
peak at Y, =-1/2f=-e/2kT=-0.013V, i.e., near '
the flat band.

III. Experiment We have carried out the exp-

| I0OMHz_ Comolution [-200

eriment by using the system shown in Fig.l.
The capacitance Cq,(£f=50 kHz) and the SAW
convolution signal (2£=100 MHz) are shown in ‘ i

Fig.3. The curves of C,p-V and G,,-V (G: %5 =9 LISl P ‘ﬁiﬂ 20

conductance) are shown in Figs.4 and 5 and .
correspond to the imaginary and real part of Fig. 3
2w current component, respectively.

Since G, is smaller S
than CZNin our sample, the Zwcomponent of the 3L
A < - : n-Si/S102/ Zn0/AI .
current responsible for the convolution is
determined by szcomponent. As is clearly
seen in Figs.3 and 4, the gate-voltage depend-
ence of the convolution is very similar to
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that' of C,,, in agreement with our theory. The
shift of the peak in the two curves is caused

T
]

]

by the different response of surface states at Lf%w’ ! ’
the two frequencies, 100 kHz and 100 MHz. B0 T A s 0
VI. Conclusion (1) We have shown that the Fig. 4
convolution signal corresponds to the deriva-
tive of C-V curve in the ideal MIS structure
and the effect of surface states appears in
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the peak shift. (2) We have shown a guiding i : 2w -

2u=100KHZ

principle that we should improve the convol-
ver efficiency based on a concept of loss-

T
o

less parametric operation of variable capa-

citanceﬁ)

Based on this guiding principle we

G

are trying to improve the convolver efficlency -5, -207-15 =10 %50 % -m1+E‘e? i
and the results will be presented at the Conf..
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