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FIG. 8. P oten ti al -d istance curves for ri-o = 10, Land i. equal to 100, an d various 
R values . 
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FIG . 7. P o tent ial -d ist a nce curves for Jo = 100, Land i: equal to 10, a nd vari ous 
R values. 

Figs. 8 and 9 are for .po's of 10 and 100 again but for values of L and L 
of 100 instead of 10. In Fig. 8 the increased value of L requires larger 
values of R before L becomes unity or less. For those curves without the 
vertical line denoting the dividing point between acc umulat ion and exhaus ­

an appreciable center region where there is virtually no space-c harge . Thus, 
whenever t he potential curves show a substant ially flat cente r region , the 
one -blocking -elect rode, infinite-length solut ions may be applied for potential 
differences of .po - ,pdon the left and - .pdon the right. 

tion (or , for sufficient ly large R, of accumulat ion of negative charges on one 
side, positive charges on the ot her ), the value of Co is mu ch less than 10-10 

and the r ight and left parts of the curves sho wing apprecia ble variat ion of 
.phave been calculate d separat ely using Co = O. This is an excellent approxi­
mation in such cases . Physically, L is sufficient ly large that exha ustion 
and ac cumulation regions are localized near the electrodes and there exists 
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FIG. 9. Potent.ial-distanoe curves for .po = 100 , L and t. equal to 100, a nd va rious 
R values. 

it is worth pointing out that when R is very large the materi al is essent ia lly 
an insul ator. F or a value of N of 1020 cm- 3 and R = 1050, t he equilibrium 
charge concent rat ion n", is only 10- 5 crrr". Thus, in most cases of interest R 
will be considerably less than 10 50. 

Fig. 10 shows some experimental curves of J offe 23 for heated quartz 

Jaffe solution 2,18 for charges of both signs mobil e. It will usu ally be 
preferable t o use eit her the computer or approximate solutions to calculate 
potential distributions in this case because of the inadequate t abulation 
of the J acobian ellipt ic functi ons required by the Jaffe results. Finally, 

It will be noted fr om Fig. 9 that if R is not too great alm ost all of the 
applied potential drop takes place very nea r the cathode. In the anti­
symmetrical case, the immobile charges are mobilized through recombination 
and the resulting curves ar e exact ly the same as those obtained from the 

(0 I {b I 

F IG. 10. E xper im en tal potential-dist a nco cu rves obtaine d by J offe23 for (a) quartz, 
(b ) calcite. 
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(10 (a) ) and calcite (10 (b)). Immediately on applying an ex te rnal potential 
the linear curves were obtained while the others were observed at subse­
quent t imes as polarization built up. Although these curves were d rawn 
from only a few measured points and pertain t o an in completely blocking 
case since some conduct ion current was flowing, they show genera l features 
quite similar t o the presen t theoreti cal curve s. Somewh at comparable 
results have been obtained by Cohen 24 on fused qua rtz. Finally polarizat ion 
of the prese nt type in photoconductors 7, 8 has recently been inferred by 
K allman and F ree man for photoconducting phosphors. w 

S P ACE CHARGE C APACITANCE 

Because of high impedance levels, surface sta t es and surface potentials, 
and possible sma ll dimensions of space-cha rge regions, it is often difficult 
t o measure potential di stributi ons acc urate ly . Considerable useful inform a­
tion can be obtained in such cases by measuring instead the stat ic and 
differen ti al capacitances of the system as functions of a D .C. potential bias." 
These capacitances are given by 1qoNo1and 1dqo/d% Ifor the one- blocking 
elect rode situa t ion . The qua nt ity qois the charge on the metallic electrode, 
equa l t o the total distributed space charge; it may be related t o the field 
at the elect rode through Gauss' s law. One obtains the following expressions 
for the t wo capacitances (per unit area) in the case of charge of only one 
sign mobil e in the one-e lectrode case, 

0. = (_€-)IE(,~ o ) I (24)
47TL , 0/0 

€82 ) Ino- PoI 
( 

(25)o, = 47TL e I E( ~o) 
where thc second equa t ion has been simplified through t he use of (4). 

Since one would expec t bot h capacitances to reduce to 0 0 = (€/47T L ) by e 
definition of L ; in the limit of very small applied D.C. pote nt ials, one can 
determine 8 by carrying out such a limit in eit her (24) or (25). The result 
obtained is 

8 = ['11,,,,(1 + Rn2", )] - i == ['11,,,,(2 - '11,,,,)]- 1 (26) 

as mentioned earlier . The effect ive Debye length is, t herefore, 

L e - 8L DI = [€kT/47Te2n",(2 - '11,,,,)]1 (27) 

Since '11, ,,, approaches zero as R increases, L; approaches the -t wo-mobile 
Debye length L D 2 with N repl aced by n"" t he actual equilibrium charge 
concentrat ion for given R. 

F ig . 11 shows the dependen ce of normalized differen tial capacitance on 
D.C. bias p ot ential for various R values. The capacitance finally increases 
exponent ially on the positi ve (accumulation -region) side and finall y decreases 
as I % 1-1 for large negative potentials (deplet ion-exhaustion region) . The 
odd be havior for negative ~o and appreciable R arises from the mobilization 
of fixed charge by recombination . The height of the peaks are given quite 
closely by Rl /4/V1O, and thus their measurement should afford a conve nient 
and acc urate method of determining R. The st at ic capacitance cur ves are 
similar to the differential ones but the peaks occur a t somewhat more nega­
tive potentials. 
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In many cases, it may not be possible to form a blocking elect rode on a 
charge-containing material without providing a charge -free insulating region 
between the materi al and the elect rode. Su ch a region may be espec ially 
necessary for one or both applied pol arities when the mobile carriers a re 
electrons or holes. This region will have a potential-indep endent capacitance 

10 

- I 
10 

II II 

- 10 -I • 

+ 
FIG. 11. Normalized d ifferen t ial capacitance of m a te rial with a sing le bl ock ing elec t rode 

versu s pos itive and negative applied potential for various R values. 

essent ially in series wit h the potential -dependent space-charge capacitance 
of the materi al. The behavior of the combined system is of added interest 
in connec t ion with capacitance measurem ent s on barrier-l ayer rectifi ers 
and is discussed in detail elsewhere. P 

The capacitance situation is conside rably more complica ted in the two­
blocking-electrode sit uat ion . In addition to possibl e charge-free regions 
between the charge-containing material and the elect rodes, the capacit ances 
of both the simultaneou sly present accumulation and exhaust ion reg ions 
must be cons idered as well as the geomet rica l capacitance between the 
elect rodes. These matters are outside the scope of the present work and are 
discussed in a further paper.P 
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