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C—t Analysis of MOS Capacitors
Under Constant Current Stress

Young-Bog Park, Dieter K. Schroder, and Il-Hwan Lim

Abstract—The effect of high oxide field stress is studied using velocity’s using the equation
capacitance—time (C-t) measurements of MOS capacitors. The
stress results in parallel shifts of the C—t curve along the time d {Cox} ' 2n,Cox [ Cr } 2n;Cox s’
axis. The flathand voltage shiftAVgg obtained from the initial T = ’ - T A
deep depletion capacitancef-’(t:O"’) follows the same trend as Lot NACFTQ ) KscolNa
that from the high-frequency C-V characteristics. However, the g 5 p-substrate wher€oyx is the oxide capacitancé](t) the
discrepancy between the two flatband voltages becomes larger easured capacitance; the intrinsic carrier concentration,

as the stress increases due to the effect of interface charges onm ) . . L
C—t characteristics. The flatband voltage difference is converted V4 the bulk doping concentration; the final or equilibrium

to interface trap density, showing a steady increase of interface capacitance s the silicon dielectric constant, angy the
trap density with stress, similar to that from low-frequency C-V' permittivity of free space.

measurements. The second approach for utilizing the C—t measurements is
based on the fact that the deep depletion capacitétitecan
be related toV; through [6]
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Fowler—Nordheim (F-N) high field stress is of great \/ Vo

importance to MOS devices, especially in applications suéfere, Qn(¢) is the inversion charge density and, =
as EEPROM's where charge transfer through the oxide §% e, N4/C3. Equation (2) states thdtrpg can be deter-
the main mechanism for the device operation. Most @fined from the measured(t) once Qy(t) is known. The
the previous studies on the oxide degradation of MOfeatment of x(t) requires the assumption th@ty (¢ = 0),
capacitors (MOS-C’s) have relied on high-frequency (HF) ang., @ » immediately after a depleting step voltage is applied,
quasi-static, low-frequency (LF) capacitance-voltage-{() is small enough for the ter@y (t = 07)/Cox to be ignored
measurements. They have indicated that significant damagedspared to botf,; andVeg because no significant inversion
created in the Si@layer due to the generation of traps insideharge is formed during the initial deep depletion state. Hence,
the oxide and at the Si-SiQinterface, as well as electronAVrg can be readily obtained by monitoring(t = 0%) of
and hole trapping [1]-[4]. However, there has never beeghe C—t curve, wheré\Vip = Vip (after stress)i4y (before
an attempt to monitor this degradation with capacitance—tirggess).
(C—-t) measurements even though it may provide additional
information. Theoretically, the C—t characteristic is affected lll. EXPERIMENTAL
by the flatband voltage shifh Vi generated during high field  MOS capacitors on n- and p-wells were fabricated on (100)
stress. Furthermore, the surface generation velocity extracﬁaq/pe Si substrates with a 16—-25cm resistivity. A pocket
by the Zerbst method [5] can also be used as a measurepGfell is formed by &.1 x 10*3 cm~2, 80-keV boron implant
interface trap density. The question is whether the samgthe n-well with al.7 x 103 cm—2, 100-keV phosphorus
results of C—V measurements can be obtained with C1’1tnp|ant. The gate oxides are approximately 180thick
measurements. In the present work, we investigate the Getermined by HRO-V measurements and ellipsometry. The
characteristics with MOS-C’s under constant current stresscapacitors are rectangular in shape with x 10~ cm? area.
MOS-C's were F-N stressed in accumulation mode at a
constant gate current of 64A. After known time intervals,
Il. C-t ANALYSIS the stressing was interrupted a6idl” and C—t characteristics
On of the most widely used interpretations of the C-were measured. This procedure was repeated until the devices
transient is the Zerbst method which extracts an effectilsoke down. The depletion mode stress was not used here to

generation lifetimer; and an effective surface generatioravoid using a light source which might affect subsequent C-t
measurements.
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Fig. 1. (a) C—t characteristics for a p-substrate MOS-C before and after . .
negative current stress (stress current dengity= 10 mA/cm?). (b) The fE'g' 2. (a) AVpp obtained from HFC-V” and C~t measurements for

) : e . both n- and p-substrate MOS-C's. (b) Comparison’a¥;; extracted from
;CJ):;gigonednlggaﬁg;bj;gg; ;Zeo%if;ﬁté\éefgoemnet;]a;lggIILEZTI?: i':l?eif:f:ctui\;lethéhe difference of the twanVii values with that from LFC-V" data for
> g€ ) p p an n-substrate MOS-C. Here, the injected cha€yg; was obtained by
linear region, respectively. |

multiplying the stress current density )by the stress timet}, Qin; = J X 1.

along the time axis after each stress. Another observation is

that C(t = 07) is affected by the stress. The corresponding'ar9e due to the stress. Interface charge stretches tidé-HF
Zerbst plots are shown in Fig. 1(b). Each Zerbst plot provid&srve along the voltage axis, which implies additional change
essentially the same slope and intercept taken from the lin@&C(t = 07) due to the interface charge, and this eventually
region, which indicates that the stress has negligible effect BifUIts in either over- or under-estimationigfs with the C—t.
both7/ ands’. We had expectes to increase with stress since@nalysis. In other wordsiVep obtained from the C—t analysis

stress is usually thought to generate interface traps. HoweJBfludes the effect of interface charges as well as oxide bulk

s’ is not the surface generation velocity alone as is frequenfip@rges while that from HE'—V" mainly reflects the effect
oxide bulk charges. Therefore, the difference &trp

related to the interface traps but is the effective surfa
generation velocity [6] incorporating surface generation undegtweenC—V" and C—t measurements can be converted to an
the gate as well as quasi-neutral bulk generation componeféerface trap density; = Cox|AVrs, c—t—AVrs, c-v|/¢.
Possible explanations could be either that quasi-neutral bdig Shown in Fig. 2(b)Vy; increases monotonically with stress,
generation components are dominant over surface generatdHch is quite close to the result from L&V measurements.
under the gate or that most of the interface states are quickly
filled with carriers reducing surface generation. For either case
the change of the measurad is not significant even after We used the C-t analysis to study the effect of high field
high stress. stress on the oxide of MOS-C’s. A parallel shift of the C-t
AVrp extracted using (2) shows the effects of the streskaracteristics along the time axis is observed after stress.
on C—-t measurements more clearly because of the chafimvever,7; ands’ values extracted using the Zerbst method
of C(t = 0%) with stress. Fig. 2(a) compares the resultindid not show any dependence on stre&$rp derived from
AVrp, c—¢ due to the change af(t = 0) with AVpg ¢—v C(t = 0T) shows the same trend as that from HFV
from HF C-V data. BothAVrp show very similar overall measurements. However, the discrepancy between the two
trends but the difference between the two increases witatband voltages becomes larger after each stress due to the
increasing stress. We attribute this discrepancy to the interfaféect of the interface charge afi(t+ = 0*). The difference

V. CONCLUSION
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between the two flatband voltages can be related;tpwhich 3491-3497, May 1981.

is close to the result from LE'=V measurements. As a result, [2] Y- Nissan-Cohen, J. Shappir, and D. Frohman-Bentchkowsky, “Trap
! generation and occupation dynamics in $iOnder charge injection

the C-t analysis coupled with HE'-V' measurement can sjress ", Appl. Phys.vol. 60, pp. 2024-2036, Sept. 1986.
rapidly provide interface trap density since this requires th¢g] P. Fazan, M. Dutoit, C. Martin, and M. llegems, “Charge generation in

— ot iAo ; thin SiO, polysilicon-gate MOS capacitors3olid State Electron.vol.
measurement of’(t = 07) only rather than time-consuming 30, pp. 829834, Aug, 1987,

full C-t measurements and therefore can be an alternatiyg p.J. DiMaria, E. Cartier, and D. Arnold, “Impact ionization, trap cre-

method in place of LFC—V measurements. ation, degradation, and breakdown in silicon dioxide films on silicon,”
J. Appl. Phys.vol. 73, pp. 3367-3384, Apr. 1993.
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