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THE POSSIBILITIES OF THE EXACT MEASUREMENTS
AND THE FAST CALIBRATION OF C-V QUASI*6TATIC
CHARACTERISTICS OF MOS STRUCTURES

Summary. The paper presents a description of an experimental emt-
-up~70r quasi-static measurements of C-V characteristics of MOS
structures in which specially constructed interference - proof elec-
trometer equipped with a system of compensating the structure lea-
kage current as well as the input cable capacitance has bean used.
The way of calibrating of C axis of the obtained C-V characte-
ristics has been shown. Ths correctness of the measuring set-up has
been checked by examlng the S1-SI10--Al structures obtained on n-
type (100) and (ill) Si by the oxidation in dry O0,, and with HCI
addition.

1. INTRODUCTION

The measurements of voltage - capacitance characteristics (C-V) of MOS
(metal-oxide-semiconductor) structures are the source of information on
phenomena taking place in a dielectric, semiconductor and on the oxlde-
eemiconductor interface [lj. Among numerous experimental methods, the o-
nes often used arei the qussl-stasic [zj, differential fsj and temperature
[4] methods.

In the experimental set-up suggested by Kuhn [2j for the queai-statlc
method, the displacement current (proportional to the capacitance of the
examined structure) forced by voltage linearly increasing st such rate
that ths stats of thermodynamic equilibrium in the structure ia kept con-
stant is measured.

In ths case of typical structures, the rates of voltage increase are
contained within 1-500 2V while the registered currents are 10 M0
A [I. 2j.

This makes high demands on electronic systems used for measuring current
intensity and requlree a particularly careful screening of the equipment.
This paper presents an experimental set-up for measuring quaal-atatic C-V
characteristics of MOS structure, interference proof and enabling to eli-
minate some factors distorting the registered dependence. The method of
calibrating of C axis of the obtained C-V characterietice hae been de-
scribed. The correctness of the system has been checked by examining the
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Si-Si02~Al structures obtained an n-typa (100) and (ill) SI by the oxi-
dation in dry 02 and with HC1 addition.

2. MSA8BURIN6 SET-UP

The measurement idea is presented on Fig. 1 and the block-diagram of
the sot-up used is shown on Fig. 2.

Fig. 1. ldas of measurements of the quaeictetlc MQS structures oharacte-
rietioe

S - linear ramp voltage generator with 2 100V amplitude and <x from S =

to 10 V K - aeaaurement dhamBer, €Q —MOS structure. RKC - XY recorder,

E - electrometer

C-V characteris tics of the examined MOS structure are plotted on
X-Y recorder. On the input, the linearly increasing voltage is
given, while on the Y |Input - the signal from the electrometer propor-
tional to the capacitance of the structure Cg and to the rate of the
voltage increase <x.

In the system, a specially designed and constructed electrometer of
input resistance ”~ 10*®@ ii and of input eapaeitanea ag 10~5 pF has been
used. Such parameters, have bean reached by making uae of translator F*T
type 2N 3823 (or MO6FCY BSWP-SO type C2MI-POLANO) in the input system.
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The cspecltance of the Input cable connecting the electrometer with
the measurement chamber is compensated to point A on Fig. 1.

Very small input capacitance of the electrometer is the reason why its
time constant is negligible at the applied rates of voltage increase 5-
-100 In this way, one of the factors distorting the registered cha-
racteristics is eliminated. The use of the electrometer of high input re-
sistance has made it possible to depart from the principle of using mini-
mum value of resistor RQ while measuring the current flowing through the
structure. As the result, the voltages on the RQ resistor and correspon-
ding measured current, are considerable bigger (thus easier for regist-
ration) than analogous voltages in electrometers based on the principle
of minimum resistance R . In the discussed set-up the R values are in
the 104110£?Q range. °

However, the departure from the above mentioned principle of mini-
mum Rgq during current measurement causes the following:

a) the voltage UO measured on Rg and defined by the dependence
(1)

differs for t< tj from the asymptotic value ocROCo (tj is time when

U0 (11> S * RoCo>"

If foilow8 from the above that for each series of structures, time tj,
measured from the moment of switching the generator of [linearly increa-
sing voltage, la estimated after which the difference (uo(tI) BCC%)C is
negligible. On this basis, the value of voltage correction UGl »cstj® is
determined by which the amplitude of the input voltage of the generator
used for plotting the C-V characteristics of the given structure should
be 1increased.

b) the C-V plots are shifted along the V-exis by the value of the voltage
depositing on the Rq resistor,

c) the voltage axis scale isn"t linear in the voltage range which corres-
ponds to the changes of the MOS -structure capacitance.

For the effects mentioned in b) and c) elimination the W2 operational am-
plifier has been used (Fig. 2). To its non - inverting input the linearly
increasing voltage from the supply has been fed whereas the voltage on RQ
has been fed to ths Inverting input.

The output W2 amplifier signal which corresponds to the MOS structure
voltage has been applied to the X input of the X-Y recorder.

2.1. Compensation system of Trakage current

The leakage current in the real MOS structure causes the slanting of
the C-V characteristics which makes it difficult to compare it with the
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characteristic* of ths Ildeal structure. In the discussed experleentsl set-
up. a compensation system, whose block dlegram 1* presented on Fig. 2,
ha* been used. Compensetlon is achieved by the selection of vslues R",
Cj, R2, R7 out of which e signal simulating the reel MOS structure is

passed onto inverting input of the opsretionel amplifier while the
signal from electrometer is passed ontothe non-invertinginput. -Practi-
cally one aim* at realizing conditions ROCO *Rici* CoRst "C1R2* whero

Rgt is MOS structure resistance. For the typical structures were been
used Rj to 1 Mil, R2 from 1 to 20 Mil, Rj to 42 kil, Cj to 100 pF.

2.2. Calibration of capacitance axle

Determining of the capecltanee of the examined MOS structures a* well
as calibration of C axis are usually carried with the aid model capaci-
tors and capacitance bridges. However, it is troublesome in practice and
cause* additional interferences. The maximum value Chax @s well as the
minimum value CRin of the capacitance of the examined structure and by
this to calibrate C axis are determined in the discussed experimental

set-up in the following way:



The possibilities of the exact measurements. 131

Uj

0 UG (V) -
Fig. 3. C-V characteristic for determining of the MOS structure maximum

capacitance

a) one plots the C-V characteristic for the applied triangular vol-
tage (Fig. 3)

Cnax 1is determined from dependence

Cmax * 2 e L @

whore

Kj - amplification range of the Y amplifier of the recorder

L - characteristic "lopp value”™ [cm] (Fig. 3)

Ro - FIB. 1

x - rate of voltage increase [j]-

b) CBin is dstarmined from C-V characteristics drawn with the opti-

mum system parameters (Fig. 4) and used for the quantitative analysis on
the basis of the following aquation

Cmin-Cm.x-AC

where
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Fig. 4. Principle for deteraining of the MOS etructura alniaua capacitan-
ce

1~ - aapllflcation range of the Y amplifier of the recorder [jiiJj -

M - ae on Figure 4 [ca]
RO end« - aa above,

In the range within CBIn and CMX the seale is linear: itjherefore. it
aaey to calibrate the whole of the capacitance axis.

K K_
tU?{"Ct and 3 - quantitlaa ara conatant for the given eerlee of MOS aitruc—
tur«™.

The error of thle quantities deteralnatlon is *S 0,4%. Determination

accuracy ef the gaoaatrlc diaenslons L and M 1is na waraa than 0,3%.

3. EXPERIMENTAL RESULTS ANO DISCUSSION

In the described axpariaental aat-up the Al-Si0g-Si structurée produ-
ced*” on the n-type Si (“Monsanto” fira. p - 3-911 ca) with (I00)and (ill)

X *The structures have bean received froa Electronic Technology Institute
"CEMI™ Warsaw.
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Uug (V) -
Fig. 5. C-V characteristic of (ill) n-typa structure oxidized in dry
————————— axperlaental theoretical (idealstructure)

orientation by the oxidation at 1100°C in dry oxygen or with HC1 addition
and annealing in Ng were investigated.

The quasistatic C-V characteristics aeaaursaants were perforaed in
the dark and in air ataosphare.

The exaaple curves ars prsssntsd sn Fig. 5, ft, 7, 8. -

They were plotted with the rate ef the veltaga increase 15- . Froa
Fig. 5 one can see that the C-V characteristics of the structures obta-
Insd by (ill) Si oxidation in dry 02 show ths noticeably distortions
froa the ideal structure charactarlstlce. It reveals by shift of the ex-
perlaental curves in regard to thaoratical ones, the experimental charac-
teristics broadening and occurlng of tha double ainiaun in the depletion
region. The similar effects were observed by Castagne at el. [5] end Bac-
carani at al. [e] and attributed to the structural defects near the oxi-
de - seaiconductor interface in (ill) Si caee and larger surface state
concentration in tha case of (ill) Si. Addition of HC1l in the oxidation
process leads to the reduction of this defects concentration [6],
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Fig. 6. C-V characteristic of (ill) netype structure oxidized In 0, tilth
7% HC1 edditlon

————————— experimental ----- theoretical (ideal structure)

Fig. 7. C-V characteristic of (100) n-type structure oxidized In O_ with
2% HC1 addition

—————— expariaantal.....— theoretical (ideal structure)
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ue (V) -
Fig. 8. C-V characterletlc of (100) n-type structure oxidized in dry 0?
—————— experimental ---—-—- theoretical (ideal structure)

The C-V characteristics of the structures obtained in HC1l presence
end subsequently annealed in N2 have the closed to the 1ideal structure
characteristic shape but they are brouder and shifted along the voltage
axis in comparison with ideal ones (Fig. 6).

The structures produced on (100) Si by oxidation in dry 02 with HC1
addition and annealing in N2 have the characteristics only in significan-
tly shifted in regard to the ideal ones (Fig. 7). In investigated in this
work structures the noticeable Influence of HC1l on the experimental cha-
racteristics shape has been observed in the case of HC1 concentra-
tion. The similar HC1l concentration were used by Razouk et al. [7] whe-
reas Beccarani et al. [0] reached the enalogoue effects with 0,5% HC1 con-
centration.

In some cases of the investigated structures produced on (I00) Si with
02 presence only it has been observed that the experimental characteris-
tics deviate from ideal ones noticeably in the depletion and inversion
region (Fig. 8).



136 S. Kochowskl 1 Innl

For this structures the velus off(l - £2)dU calculated fros eccu-

mulstlon to inversion (spsn of surfsce potentiel) hee reached larger va-
lues than the silicon energy gap. The sleilar effects were observed by
Berglund [8], The causa of this effects were analysed by Lepsz and Strain

(L
4. CONCLUSIONS

The described experimental set-up eekea it possible te register quael-
etatlc C-V characteristics convenient for the accurate analysis.

The systea caopeneatlng the leakage current in the structure and the
seall ties cenetant ef the electroaeter eliminate the aaln factere dls-
tertlng the registered eurves. The departure frea the prilnelple ef the mi-
nimum value ef the résister P during the cureent aeaeureaente and the
application ef eyetea solutions in the cenetructlen ef the electroaeter
aake the electroaeter practically insensitive to electromagnetic interfe-
rences in high - Induatry centre cenditlene during all day. which le very
laportant in thie kind ef aeeeureaente. The described aethed ef the copa-
clty axle calibration ie peculiary useful far Inveatlgatiene ef large a-
raount of-" structures.

Thqfpreeented results of the C-V quaelatatlc MOS structures charac-
teristics investigatiene support the earlier suggeetiene that there is
possibility to obtain Al-S102-Si etructuree with characteristics closed
to ideal enes.

For thie purpose the exldatien procese should be carried out in the
some per cent HC1 presence and subsequently followed by the structure
annealing in N2>

REFERENCES

[1] Goetzbarger,A., Kleusasnn E., Schulz M.3.» ORC Critical Reviews in
Solid State Sciencea. Oanuery, 3 (1976).

[2] Kuhn M.i Solid State Electron., 13. 873 (1*70).

[3] Taraan L.M.1 Solid State Electron., 5, 285 (1962).

[4] Gray P.V., Brown D.M.« Appl. Phye. Lett., 8, 31 (1966).

[5] Castagne R. , Vapallle A.: Solid State Com., 9 1347 (1971).

iG] Baccarani C. , Seven M., Senclni G. : 3. Electrochea. Soc. . 120. 1346

(1973).
[>] Razouk R.R., Deal B.E.: 3. Electrochea., Soc., 126. 1573 (1979).
[8] Berglund C.N. : 1EEE Trane. Electron. Dev., ED-13, 701 (1966).

[9] Lopez A.D., Strain R.3. s Solid State Electron., 16, 507 (i973).
Recenxent: prof. dr heb. ini. Banedykt Licznerskl

Wptync lo, 12.09.1981 r.



Th« poaalbllltlaa of tha ax«ct aeaaureaenta.. 137

MOZLIWOSC DOKLADNYCH POMIAROW 1 SZYBKIEJ KALIBRACJI
QUAS j[-(STATYCZNYCH CHARAKTERYSTYK C-V  STRUKTUR MOS

Streszczani«

Opisano uktad do poalaru quaai-Statycznych charaktery»tyk C-V atructur
MOS, wyposazony w koapansacj« pradu updywnosci struktury 1 pojeanoécl ka-
bla wejoclowago. Pokazano sposéb kalibracji rejestrowanych charakterys-
tyk.

Dziatania uktadu sprawdzono badajpc struktury Al-S102-SI otrzyaana
przez taralczns utlenianie powierzchni (100) i (IIl) krzewu typu n w su-
chy« 02 oraz z dodatklaa HC1.

BOSMOKHOCTb TOHHHX KSILEPIKtffl H BHCSTPOfl KAILHBPAJtH
KBA3HQXAIHHBOKHX c-v XAPAKTIPHCIHK Mjm OTiyKTyp

P a3oma

npaKOiaazeaa aKeBepjoieai&jiuaui yciaaoBna tu itsaapeimtt KB«ancTaTm<i«CKHX
C-V zapaztapaaiHK wujjn ozpyxiyp. B K«tt 1 03»cu a KOMaeacami.il napaaaiHoro
«MKOOTKoro tona a cipyiciypa a euKOOTK Bscojtitoro aaCezut, noKaaaao anocoO aa-
zaOpanaa nozyqeHH{£z C-V zapaKispaczaK.

JteJtciBae yczaaosKa acezejoBaao aa ochobs ssMapeaait xapaxTepaeTax OTpyz-
zyp Al-Si02-Si nozyaeiuatz TepMB<tacxBM okhozsusu noBapzzocTat (100)kb fili)
Kpakuuu nnu n a cyiou 02 a c ttoSaSjteaaeu HC1.



