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Introduction

A necessity to guaranty the high quality of the
electronic components and devices, particularly those
operating in the environment of ionizing radiation, requires
from the manufacturers to put their best efforts into
optimization of technological processes and increasing the
effectiveness of its control. Depending on the properties
and purpose of a device the control methods between the
manufacturing operations may be various but the
nondestructive and contactless ones are preferred. In
particular, an electric capacitance and its dependence on
the applied voltage, frequency, and temperature can
provide plenty of information on electric, photoelectric,
and other properties of semiconductor p-n junctions, metal-
dielectric (silicon oxide)-semiconductor (MOS) structures,
dielectric layers and coatings [1, 2, 3]. Well-established
capacitance measurement methods and available
measuring equipment ensure the high accuracy, however, it
lacks speed, which limits its usability for measurement of
capacitance-voltage characteristics.

Capacitance measurement with linearly varying
voltage is used both in scientific laboratories and industrial
instruments. The method, though it provides high speed of
measurements, is scarcely discussed in literature and only a
few papers are avalable on its applications for the
measurement of capacitance-voltage characteristics in
nonlinear elements[4, 5].

In this paper the theoretical and experimental results
on electric circuit for the capacitance measurements with
linearly varying voltage are presented. Also, the technique
of elimination of parasitic capacitance, which alows
increasing the measurement speed and reducing the
dynamic errors, is discussed.
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Theoretical results

Equivalent electric circuit of capacitance measuring
device with linearly varying voltage is shown in Fig. 1.
Here U(t)=at is a source of linearly varying voltage, the
internal resistance R of the device is connected series to
measured capacitance C and resistor R;, which is shunted
by parasitic capacitance C;. Useful signal — voltage U (t) at
follower output is expressed as [6]:

S R @

The output voltage is directly proportional to the
measured capacitance C (after transient process is over),
i. e the inner resistance of voltage source and parasitic
capacitance has no influence on the value of voltage. R and
C; have an influence during the transient period only. This
perhapsis the biggest advantage of this method.
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Fig. 1. Electric circuit corresponding to capacitance measuring
device with linear varying voltage source



Peculiarities of such an electric circuit (Fig. 1) are
only little explored for the case when a capacitor is
replaced by a semiconductor p-n junction or MOS
structure. Such a circuit is described by the nonlinear
differential  equation, which is difficult to solve
analytically. That is why we chose to analyze the
dependence of output voltage U,(t) on the measured
capacitance when capacitance jumps at voltage U(t)=0, i. e.
when the capacitance is electrified by the electric charge
Qc, while the another capacitance C' with no electric
charge is connected to it by switch J. We assume that at
time instant t=t; the voltage of capacitance will be

Uc(t)>>U4(ty) or Uc(t))~at; when the capacitance C' is
connected parallel (we neglect R and C;). For very short
time interval the electric charge remains almost constant

Q¢ =CU,(ty)=(Cc+C")-uLly) )

and overall voltage on the parallel connected capacitances
(due to the instantaneous recharging) will be:

Uclt)=

According to (3) the voltage on parallel-connected
capacitances will decrease at the moment t=t; +At

(At—0), while the output voltage will jump by a step
(according to Kirchhoff rule). For further analysis we will
use (1) expression.

Then the output voltage at time interval from zero to
t; (influence of elements R and C; is omitted) will be:

Uy(t)= aRlc{l— exp(— LH :

RC

Uelt)= aty. ©)

C
Cc+C’ Cc+C’

(4)

If capacitance C' is connected parallel at moment
t:>5R,C the output voltage will be:

!

, C
Us(thsy, =aR(C+C)+ aly &

t

p{ R(C +C')] ®

Such voltage jump will occur always when additional
capacitance is connected parallel, no matter if linear
voltage source is increasing or decreasing. If the value of
measured capacitance will decrease by step then the
duration of transient output voltage will be determined by
the remaining capacitance multiplied by R;, but no change
in voltage will be present Fig. 2.

Such converter’s output voltage jumps complicate the
measuring process and reduce the measurement accuracy.
However, these voltage jumps can be eliminated and the
measurement accuracy can be increased by applying the
numerical analysis methods.

Experiments with MOS structures show that the steep
increase of output voltage are registered when the
semiconductor depletion layer changes to inversion state (it
is analogous to a very fast capacitance increasing). The
amplitude and the area of the steep increase depend on
velocity of linear voltage increase [5]. The areas related to
physica phenomena in semiconductor structure are
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considerably larger than those originating from the
method’ s dynamic errors.

10+ _
05f - € ¢ €
> Voltageincrease
:;H 00+ .
Voltage decrease
05} i
+C -c
a=167V/ms
-1,0 !
8 10

t, ms

Fig. 2. Experimentally measured regularities of output voltage
changes due to jump increase (+ C') or jump decrease —C' of
the of measured capacitance

So with an aim to reduce the area due to method to &-
like function and to reduce transient time we will use
known capacitance compensating method [7]. In Fig. 3 the
electric diagram of such a capacitance-voltage converter is
shown. It can be described by following equation system
(weill use the Laplace transformation method):
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Fig. 3. Principa electric diagram of the capacitance-voltage
converter

(6)

The solution of the equation set with respect to the
image of output voltage is (we use definitions

t=R(C+C+Cy) and 7' =RGCy):

1
pTO+T—TK0 .

aR,CK
Us(p)= Tlor 0.
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Second order differential equations have been
thoroughly analyzed in the electric circuits theory, thus it
may be assumed that the shortest duration of non-
periodical transient will be in the case when

T9+7-7Kg
—=1 (8)
2\/tqT
or (assuming 7q <<7)
K0=1+£+&, (9)
C G

The output voltage will be

ToT

t ]e—(t/ﬁ)] . (10)

U,(t)= aR1CK0[1— [1+

and after the transient process is over

Us,(t)=aRCKg. (11)

According to equations (10) and (11) the output
voltage of capacitance-voltage converter is proportional to
the measured capacitance and is independent on
capacitance compensation ratio. The time of the transient,
however, depends on the capacitance compensation ratio
and it can be very short, but then the frequency passband
of the amplifier must be as wide as possible, i. e. time
constant to must be as short as possible. Thus, the transient
time constant (expression (10)) may be lowered by factor
of ten or even hundred, while the value of measured
capacitance is not affected by compensation process. The
latter is very important characteristic of discussed
capacitance-voltage converter.

Experimental results

Theoretic conclusions were examined experimentally.
C-V converter’'s prototype has been assembled using the
operational amplifier TLO71CP. The electric diagram is
shown in Fig. 3 and obtained experimental results — in
Fig. 4. Experimental results obtained on different
capacitors matched very well the theoretical predictions. In
the case of semiconductor p-n junction, the measurements
were more complicated due to the capacitance decrease
when the reverse voltage is applied. It complicates the
process of capacitance compensation. The reason behind
this is that the shortest transient is obtained for optimal
compensation of the largest p—n junction capacitance.
However, the overcompensation occurs (expression (9))
and self-excitation starts (see Fig.4, graphs 3) when
voltage increases and capacitance decreases. Therefore, the
optimal compensation is matched for the lower value of
p-n structure's capacitance, in spite that it led to longer
transients (see Fig.4, graph 2). Nevertheless, we note that
the optimal compensation for the largest value of p-n
structure’'s  capacitance must be sought for the
measurement of p-n junction’s capacitance, and the
transient feedback must be switched off at the end of the
transient by disconnecting the capacitor C, by electronic
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key. It would enable more precise measurement of the
values of p-n junction’s capacitance in low reverse voltage
region as well as more precise estimation of distribution of
dopants in the junction basis. These suggestions were
supported by primary experiments, but it is necessary carry
out further theoretical and experimenta investigations for
more precise results interpretation.
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Fig. 4. Regularities of C-V converter's output voltage at
measurement  capacitance of capacitor (abovefigure) and
capacitance of semiconductor p-n junction (below figure): 1-
without ~ compensation,  2- optimal compensation,  3-
overcompensation

Conclusions

Theoretical analysis and experiments were carried out
using a prototype of converter for electrical capacitance
measurements by linearly varying voltage method allowed
to make the following conclusions:

-converter's output voltage is proportional to the
measured capacitance when the transient is over;

-output voltage is independent on parasitic capacitance
and on linearly varying voltage source internal resistance;

-output voltage has high amplitude peak when the
measured capacitance increases by jump no matter wether
voltage increases or decreases (there is no output voltage
amplitude jump when capacitance decreases);
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Theoretica anadlysis and experimental investigation of the method to measure capacitance and structure€'s capacitance-voltage
characteristics by means of linearly varying voltage showed a linear dependence between the output voltage and capacitance (when
transient process is over). Whereas the duration of transient process is determined mainly by the value of measured capacitance
multiplied by resistance, the transient duration may be reduced by lowering resistor’s value, though it decreases signal to noiseratio. We
choose another solution — the compensation of electric capacitance, which very effectively reduces (by a factor of severa tens) the
transient duration and does not affect the relationship measured capacitance — output voltage. It increases the operation speed of
capacitance-voltage converter. I11. 4, bibl. 7 (in English; summariesin English, Russian and Lithuanian).

C. Caxanayckac, 3. Baiitonuc, P. ITypac, B. Byib0eHkeHe. BbicOKOCKOPOCTHOI NMpeodpa3oBaTesib eMKOCTh-HaNpsikeHue //
DJIEKTPOHUKA U dj1eKTpoTexHuka. — Kaynac: Texnomorus, 2008. — Ne 6(86). — C. 73-76.

IIpoBeneHsl TeOpeTHUECKHE U IKCTIEPUMEHTANIbHbBIE UCCIEN0BAHH TTOKA3alH, YTO METOJ] C HCTOYHHKOM JIMHEWHO M3MEHSIOLIErocs
HAaIpsHKEHUS JUIS U3MEPEHHs 3JEKTPUUECKOH eMKOCTH KOMIIOHEHTOB M BOJIBT(apaJHbIX XapaKTEPUCTHK CTPYKTYp 0OeCrednBacT, Ipu
3aBEPIICHUM NEPEXOAHOTO MpOLECcca, MPSMYIO 3aBUCHMOCTh MEXIy €MKOCTBbIO M BBIXOAHBIM HampspkeHHEM. Tak Kak UINTENbHOCTh
MEPEXOIHOTO TPOIecCa B OCHOBHOM OINPEAENSAETCSl MPOU3BEJCHHUEM BEIUUMHBI M3MEPSEMON €MKOCTH Ha BEIHMYUHY DPE3UCTOpa, C
KOTOPOTO CHHMMAETCSl BBIXOJHOE HANpPsIKEHHE, TO YMEHBIIEHUE JUIUTENBHOCTH INEPEXOJHOr0 TPOIECCa MOXKET OBITh CBS3aHO CO
CHIDKEHHEM BEIUYUHBI PE3UCTOpa, HO ITO IPHBOJUT K CHIDKEHHMIO COOTHOIICHHUS CHUTHAI-IIyM. MBI BeIOpanmm Apyrod myte —
KOMIICHCAIIMIO 3JIEKTPUUECKOM EMKOCTH, KOTOpasi oO4eHb S((GEKTUBHO (IO HECKOIBKO JMAECATKOB pa3) CHIKAeT UINTENHHOCTh
MIEPEXOJHOr0 IMpoLecca, OJHAKO HE MEHAET XapaKTepa 3aBUCHMOCTH MEXAYy U3MEpSeMOH €MKOCTBIO M BBIXOJHBIM HalpsDKEHHEM, U
OYCHb YBEIMYMBAET CKOPOCTH IEHCTBUS IpeoOpa3oBaTelsi eMKOCTb—HanpspkeHue. M. 4, 6ubi. 7 (Ha aHrmiickoM si3bIke; pedepaTsl Ha
AHTITMHACKOM, PYCCKOM U JIUTOBCKOM).

S. Sakalauskas, Z. Vaitonis, R. Paras, V. Bulbenkiené. Didelés spartos talpos ir jtampos keitiklis // Elektronika ir
eektrotechnika. — Kaunas: Technologija, 2008. — Nr. 6(86). — P. 73-76.

Atlikti teoriniai ir eksperimentiniai tyrimai parodé, kad komponenty elektrinés talpos ir dariniy voltfaradiniy charakteristiky
matavimo metodas su tiesiskai kintancios jtampos saltiniu uztikrina, tiesioginj talpos ir i§¢jimo jtampos sarysi pasibaigus pereinamajam
procesui. Kadangi pereinamojo proceso trukmg daugiausiai lemia matuojamosios talpos ir rezistoriaus, kuriame gaunama iséjimo
itampa, veréiy sandauga, tai trukmés mazinimas gali bati sigjamas tik su rezistoriaus vertés mazinimu, tagiau tada mazéja signalo—
triuksmo santykis. Pasirinktas kitas btidas — elektrines talpos kompensavimas, kuris labai efektyviai (iki keliasdesimt karty) sumazina
pereinamojo proceso trukme, taciau nekeicia matuojamosios talpos ir i8¢jimo jtampos sarysio pobudzio, o tai labai padidina talpos ir
itampos keitiklio matavimo sparta. 1. 4, bibl. 7 (anglu kalba; santraukos angly, rusy ir lietuviy k.).
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