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Tt has been found thab the bias charge is the most effectlve means for en-

hancing the speed and efficiency of charge transfer in ggpfr2r3) In this paper,

bias charge dependence of transfer efflciency and llnearlty l-n high speed partlal

transfer mod.e of operation 1s investigated for. the purpose of optimizlng charge

transfer characteristics .

To express the charge transfer process, the following recurrence formula is

adopted as a basic equation4):

Nn,m =η
n_.,m―■ Nn―■,m-1 + ( ・

 ―ηn_■ ,m )Nn―■,m~ Wn,m
(1)
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where Nrr* .rd trr* are charge density and eharge loss respectively, beneath the

m-th electrode Just before the n-th charge transfer. {rr;* is transfer efficieney

to" trrrr and the relation between Qnr*"rU rrr* is expressed as5)

tlnr*=*rrr*/(N.rr*A) (2\

When an LnJected eharge density trrr Ou.eath the 1st electrode is the maximum

storable amount, transfer efficlency at the lst transfer 1s universally determlned

from Eq.(2) ana defined as ini-tia1 transfer efflciencV t?o. In a partial transfer

mode of operation ( lnr^ 3 0.99 ), the charge j-s transferred malnly by the aid of

a drlft field, so that A is given by l=Ct2 /yt. Where L, p, t, and C are length of

the transfer electrode, carrler mobillty, transfer tlme, and a constant respectl-ve-

ty. In the mode of operation, a charge loss srnaller than 0.L % per" transfer is

negllgible compared with transfer i-nefficiency, so that W- * is omitted in the
rI t rrr

following.

In the conditlon that the bias charge B exists beneath all transfer electrodes,

the maximum storable signal charge for each electrode diminishes to ( 1 - B ).

When a slngle pulse of the input charge aI(l-B) is added to the flrst electrode,

the total charge beneath the first electrode becomes Nlr'=.f(f-e)+e. We can

obtain the first output slgnal charge stored beneath the m-th electrod" t*r* from

Eq. (1) as



m― ■           B
Nm,m=N.,.肌 [ηk,k+―

可戸
(■ ~ηB)] (3)

of the signal charge

B is shown in Fig.I.

the output signal maxi-

i'ihere T(-l-r2r3...) is an

the value L given by

I
(4)
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xo input=1tput For max. in

can be caluculated by Eqs. (2) and (4). fne re]ation between Land lnput signal l-evet

is shown in Fig.2 under the bias condition that makes signal component(Nmrm-B)

maximum.

From the above results, the optimum condition Ln high speed operation for

each input slgnal l-evel can be obtained and compared with the experimental results.

The analysis can be applied over a wide range of operating conditions with minor

alternations when necessary.
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m=96

ηo=99%

3

0                 0。 5                ■
NORMALIZED BIAS CHARGE DENSttTY

Fig。  ■  Bias charge dependence of

signal component oF output charge.
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Fig. 2  Linearity L vs signal ■evel

under optimum bias charge conditiOn。
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