526

IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 49, NO. 3, MARCH 2002

Fig. 3(c) and (d) depicts the drain current noise as a function of the ~ Photonic High-Frequency Capacitance—\Voltage

drain current and the zero voltage drain—source conductance for a short Characterization of Interface States in
channel device at 2.5 GHz féf;, of 1, 2, and 3 V. The drain noise for Metal-Oxide-Semiconductor Capacitors
modest biases follows the classical shot noise equatigh; (). This

strongly correlates with a high diffusion current density component in D. M. Kim, H. C. Kim, and H. T. Kim

the short channel MOSFET [Fig. 2(b)]. Although the duffusion current
density accounts for only a fraction of the channel current density, the o o
noise contribution is dominant. The best operating point [11]-[13] for Abstract—A new characterization method based on the photonic high-

noise occurs in the region where shot noise is predominant. Note a‘lgﬁ

uency capacitance—voltage (HRC—V") response of metal-oxide semi-
ductor (MOS) capacitors is reported for the analysis of interface states

that a saturation of the noise at higter values is due to almost con- in MOS systems. An optical source with a photon energy less than the sil-
stant diffusion current contribution to the total drain current discussémn band-gap(hv = 0.799 eV < E, = 1.11 eV) is employed for
above. the photonic characterization of interface states( E;.) distributed in the

From Fig. 3(d), we can see that there is no obvious relationship

kp@ptoresponsive energy band Ec — hv < E;, < E¢) in N-MOS
capacitors with a polysilicon gate. Assuming a uniform distribution of the

tween drain noise angli,. There are a number of empirical equationgap evels, the density of interface state¢.D;, ) was observed to beD;, =
relatingga, andl;, to the drain current noise, but most of these relar—5 x 10'* ev—*cm~2 in the photoresponsive energy band.

tionships have many fitting parameters and are not physically based.

Index Terms—Capacitance—voltage C-V), interface states, MOS ca-
pacitor, photonic characterization, traps.

VI. CONCLUSIONS

Diffusion-drift based 2-D noise simulation agrees well with exper- |. INTRODUCTION
imental data for submicron MOSFETSs. Hot electron contribution to

noise is not significant for 0.am gate MOSFETSs. High excess noise
is due to the shot noise caused by diffusion of carriers in the channé
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ol T T T T T NNOS pacit'or T ] tr.ons) compared with the electrically induced quasi-steady state inver-
V=  6V—teV sion charges.
Ffeqency=500KHz The charge density under the gate StMOS capacitors can be
o 120 Sweep rate= 0.05V/s | obtained from the Poisson’s equation and charge distribytign:)
el A
® 100l ] through [11]
J=1s5tam | ()
5 —8—4dB pr.ix
§ 80| —“V““‘ZdB: -1 V2¢T,<T) = - . (l)
% —A— 0dBm =i )
§_ 60 |- —a—dark | pr(x) = —q [N,,,(x) — Ny(x) —])p(,e_OL(”)/m’
L o o1 (2)/ Vin
§ ol b + npoe ¢ ] (2)
20 _ ' :_' whereVi, = kT'/q;the thermal voltage, (z) [V]; the potential at any
P T S S T S point under illuminationV, ( N;) [cm™?]; an ionized acceptor(donor)
6 4 2 0 2 4 6 density in the substrate; [F/cm]; the dielectric constant of Si, and
Gate Voltage, V (V) nyo(pno); €lectron (hole) concentration in the substrate area under

thermal equilibrium. At a large positive gate voltage M-MOS,

) o i o ) capacitors with a uniform acceptor dopitdy 1 ), the negative surface
Fig. 1. Photonic high-frequeney-V" characteristics of aiv-MOS capacitor charge density per unit ared)s [C/sz] (a combination of the

ith lysili t d tical input & 1551 dhr = 0.799 eV .
\(Igopfizozsi'g%%g,i?;r&;r;?f:'%adgﬁm.(::da?ko). nm andi r99.ev) depleted acceptor char@k;, the inverted free electron chargg, and

the interface charg€;:) as a function of the surface potentialsr,)

in the semiconductor at the Si{®i heterojunction interface can be
(NMOS; Ev < Ec¢ — hv < Eix < E¢), an optical source with a simply obtained from [11], [12]
photon energy/(z = 0.799 eV) less than the silicon band-gap en-
ergy (£, = 1.11 eV) was chosen. Characterization of MOS capaci- - . o [0S Mpo OsL
tors was performed on a wafer with an optical inpt=£ 1551 nm, Qs = = [2¢5 NaVin <W + Poo P < ))
Pyp,max = 4 dBm) via a cleaved multimode optical fiber (illumina-
tion diameter~200 um) and a precision LCR meter HP4284A. WeExcess carrieréAn = n — npo = An. + Angpt) are modulated
note that there was no antireflection coating on the surface of M®$ optical illumination(An,,) as well as by the gate voltagén..).
capacitors. Even though polysilicon gate is transparent to the optiddle increased surface charge density by the photogeneration from the
illumination, the optical power delivered to the device under test couinterface state§An.,; = Anit) in the photoresponsive energy band
be slightly different fromF,,.. Photonic HFC'—V" characteristics of results in the variation of the surface potential over the modulation by
N-MOS capacitors with¥ x L = 300 x 300 um” were measured. In V¢;. The gate capacitan¢€': = d()./dVe) is modulated by photoex-
order to minimize the unnecessary response of interface states caused electrons from the interface states in addition to the modulation by
by the measurement signal (small ac signal and DC sweep voltage) &adthrough a variation ofsr, during the photonic HE'—V character-
observe a change in the photonic =V curve caused onligy opti- ization. Therefore, the surface potential under depletion approximation
cally excited interface statewe kept the small-signal frequency highcan be experimentally obtained from the measured photoni€'HF
(f = 500 kHz) and the sweep rate fasi & 50 mV/s) for a deep-de- characteristics as a function B¥;s and described by
pletion mode operation without optical input as well as employing the A
photon energy.v < E,. L <€sinA> <Cox - CG>Z @

Measured photonic HE-V characteristics of aY -MOS capacitor PsL 2 CoCo
are shown in Fig. 1. The high-frequency capacitance is significantl . ) . . . .
modulated by the photo-excited carriers. Due to a fast DC sweep rﬁl&ereCm = fox/tox S the flxed-omdg capamtance_ a0d; is thei_/(;-
and a high frequency small signal, the KIEV curve without an op- andPopt-dgpendentrtotal gate capacitance per unit area obtained from
tical input shows a deep-depleti@ri-V" characteristics. With an in- the pho‘?”?'c HFC—V mgasurement. , . .
creasingP,,t, on the other hand, the photoni¢-1" characteristics Comblnlpg the expenmeyntal HE-V data with gnalytlcal rgsu!ts
gradually converge to a typical HF—V" curve due to the contribution 25 & function o, and Vs, the surface potential at the Si/SiO
of photo-generated excess channel carriers from the interface statd¥€Lgrojunction interface was obtained and plotted in Fig. 2. Photoex-
SiO,/Si hetero-interface. This is strong evidence that the photoresp&ﬁ-ed excess carries from the interface states induce a decreased sur-
sive variation in the HEE=V" characteristics under illumination is dueface potential¢sr.) under a constant gate voltage as shown in Fig. 2.
to photo-excited carriers from the interface states because we emplolyethe deep depletion mode without optical illumination, the variation
an optical source withr < E, and therefore, the photonic generatiorPf the surface charge is mainly caused by the depleted acceptor charges.
is expected only from the interface traps in the photoresponsive eneligwever, a change in the surface charge under a fast sweep rate with
band(Ev < Ec — hv < By < Ec¢) for N-MOS capacitors. optical illumination can be replaced in part by the photogenerated ex-
Gate-bias dependent HE-V' characteristics of MOS capacitorseSS electrons from the interface states below the quasi-Fermi level.

under optical illumination have been also investigated. Under the 4@ to the build-up of photoexcited excess electrons at the/SiO
cumulation modéVe: < 0), due to a relatively small density of excesd1€tero-interface, which is known & photovoltaic effecthe reduced
carriers(An;, < N.) excited from interface states, no significansurface potential results in the compression of the depletion width and
change in the photonic HE'-V characteristics were observed. Thdncrease in the capacitance. Considering the magnitude of the photon
variation in the photonic HE'=V characteristics in the strong inver-energyhrv < E,, these excess carriers are expected to be generated
sion (Ve > Vrn), on the other hand, was very sensitive to the ogrom the trap levels located only in the photoresponsive energy band
tical input predominantly caused by the measurable amount of excéss — hwv < Ej, < Ec. Assuming that the modulation of photonic
carriers from the interface states at the St interface (trapped elec- HF C—V characteristics are caused by the photoexcitation of interface
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Fig. 2. Surface potentiaps;, of an N-MOS capacitor as a function of the
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power for a specific gate biasP{,; = e: 4 dBm, ¥: 2 dBm, A:0 dBm, and
m: —10 dBm).

states, we conclude that the capacitance of MOS capacitors increases

Interface trapped charge densify, as a function of the optical
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It was observed to ban;, = 14 x 10** cm~? for the N-MOS ca-
pacitor. Under the assumption of a uniform distribution, the average
density of interface states per unit enef@y [eV~'cm~2] can be ob-
tained from

Di; = Anit /JAE = Ani /hv (6)
and it was extracted to bB;, = 1-5 x 10'' eV~'cm~? throughout
the photoresponsive energy band.

Ill. CONCLUSION

The density and distribution of interface traps were investigated
using the photonic high-frequencg’'—V" characteristics of MOS
capacitors. An optical source with a photon energy less than the
silicon band-gap energy is employed for the characterization of
interface states distributed over the photoresponsive energy band
(Fc — hv < Ey < E¢). From the photonic HEC-V' charac-
terization method applied td-MOS capacitors with a polysilicon
gate, the density and the average density of interface states in the
photoresponsive energy band were observed thdbg = 1—4 x 10*!
cm? and Di; = 1-5 x 10'' eV~ 'em™2, respectively. We also
expect that a comprehensive characterization of interface states over
the energy bandgafFv < Ei, < E¢) can be obtained from the
photonic HF C-V method using a wavelength-modulated optical
input with0 < hv < E,.
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