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Abstract—Small gate area with short gate length reduces theC—V Q.
distortion of ultrathin oxide devices, but results in high parasitic capac- 8 2l T =20nm -
itance/total capacitance ratio. The floating well method can exclude the --T =17nm
parasitic capacitance to obtain accurate inversion oxide thickness without ol T°"= 1'4 nm
using any dummy pattern. It is suitable for nano technology. ox
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well, nano technology, ultrathin oxide. Gate Voltage (V)
Fig. 1. Oxide thickness dependence of devitel” curves. Arrows indicate
. INTRODUCTION the occurrence of’-V distortion, i.e..Vg > 1.3 Vor Vg < —2.2 V for

In nano technology, the oxide thickness is scaled down to meet thex =1.7nm:Ve > 0.9Vorts < —1.8 Vior Tox = 1.4 nm.

performance requirements [1]. The capacitance-voltégé/) curve

of ultra-thin oxide is distorted due to large gate leakage current [2]. The
distortion of high-frequency’—V curve of ultra-thin oxide has been
characterized by circuit approach by considering the gate leakage cur-
rent and channel resistance [3]-[6]. The smaller pattern arear®%

with lower channel resistance is used in this paper to minimize the high
frequencyC—V/ distortion. Hence, since the bonding pad area is re-
stricted by bonding and probing technology, the parasitic capacitance
Cr contributed by bonding pad can not be reduced with the capac-
itance of test pattern. Hence, larger EOT extraction error can be in-
duced by parasitic capacitance when smaller pattern area is employed.
In this paper, &'V measurement method with floating well proposed
this paper enables to measure the gate-to-channel capacitancee-
tween source-drain and gate electrode in order to suppress the offset
capacitance when measured the gate-to-body capacitdnge The
accurate EOT of nano technology can be extracted by inversion capac-
itance measured with floating well method without any dummy pattern. Gate Voltage (V)
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Fig. 2. Pattern area dependence of dewitel” curves with and without
Il. EXPERIMENTS dummy pattern calibration.

The devices used in this study are polysilicon-gate MOS capacitors
with cobalt salicide process. A~} measurements are carried outyell and grounded well methods are used in this paper to extract the
with HP 4284 LCR meter. The signal frequency and level are 1 MH#arasitic capacitance without using any calibration pattern.
and 30 mV, respectively. Oxide with thickness varying from 2to 1.4 nm
is used to show the thickness dependenc€-ei” distortion phenom-
enon. The MOS device areas varying from 400 tq:2% are used to 11l. RESULTS AND DISCUSSION
study the area dependence6fV” distortion phenomenon and the im-
pact of parasitic capacitance. The-V measurements of both floating  The oxide thickness dependence of dewi¢eV” curves of capac-
itors with 400m? area are shown in Fig. 1. N6V distortion is
found inC'=V" curve of capacitors with 2 nm oxide thickness. Distor-
Manuscript received December 1, 2002; revised January 3, 2003. The revtéon occurs when oxide thickness is scaled down, as observed in Fig. 1.
of this paper was arranged by Editor R. Singh. Hence, the electrical oxide thickness (EOT) can not be extracted from
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Fig. 3. Schematic illustration of th€'-" measurement with floating we
method. Gate Voltage (V)

Fig. 4. C-V curves comparison between traditional method with dummy

signal are applied to source, drain, and well. The small signal is pRRttern Cz“é’”ittiog_?”d ﬁ'oati&g éve”_t?:e”t‘(éd- CUWE((E‘)'—' ')I!EC'I—_V C‘éfve ©
H AR _ f _ . - measure y traditional metnhod without dummy pattern calibration. Curve

duced anq extractedlln po[yS|I|con gate, inter-connection metal line ™" ) is C—V" curve of dummy pattern. Curve (c) (—) E-V’ curve

and bonding pad during’-V" measurement. Thus, the gate-to-bodyeasured by traditional method with dummy pattern calibration. Curve (d) (-

capacitanc&'c;z measured by traditional method is the sunCefc: - -) is C—V' curve measured by floating well method without dummy pattern
and Cp. Cgc is proportional to the area of polysilicon-gate MOSealibration.

capacitor(Axos). Hence,CaclAnmos is independent ofdiros.

When interconnect and bonding pad layouts are fikedljs constant. Cp» can be extracted by subtracting the inversion capacitdhee
Hence C'p/An0s increases with decreasinbyos, and the total ca- measured by floating well method from the inversion capacitéhice
pacitance per are¢Car/Avos) increases with decreasindhvos — measured by traditional method. Thus, the exaet” curve can be de-
(Fig. 2). The capacitance of dummy patte&riy that consists of par- duced by parasitic capacitance compensation without any dummy pat-
asitic capacitors only is measured and used for calibrafignequals tern calibration by combining both floating and conventional methods.
to C'p. Thus,Ca can be obtained by subtractiag, from C 5. De-

vice C-V curve calibrated with dummy capacitance, i€ z—C), IV. CONCLUSION

is also shown in Fig. 2 where smalléi—V distortion for capacitors e ) .
with smaller areas is observed, presumably due to the lower gate an he C_"/_ distortion becom_es more severe _w_he_n gate oxide is
channel resistance. Hence, it is desirable to minimiz€thE test pat- thinner. Wh'l_e theC’'=1” curve (_:l!stortlon c_an be minimized b_y pattern .
tern to reduce the gate and channel resistance. The pattern area ofthi reductl_on. The p_arasmc capacitance/total cap_acnance _rat|0
polysilicon-gate MOS capacitor needs to be shrunk when technolo§y'€3S€s with decr_easmg _pattern area. The para_sntlc capa}cnance
progresses due 8-V distortion by increasing gate tunneling currenf@" be neglected with floating yvell method. Exagt inversigaV

with scaled oxide thickness. But the area of parasitic capacitors, jglrve can _be rr_1easured by T'Oa“”g well metho‘?‘ W'th_OUt any dummy
the bonding pad and inter-connect routing area, can not be decreas m calibration for capacitors with 1.4 nm oxide thICkI’IESS: Henqe,
much as that of the polysilicon-gate MOS capacitors. The parasitic ég? agcurate EOT of nano techr_mlogy can be extractedr by inversion
pacitance/total capacitance ratio will increase with the scaling down ¢gpacitance measured with floating well method. Corféet” curves

oxide thickness. Hence, parasitic capacitance compensation becoﬁ?llg%be _dEdUCEd by lﬁ)arasmbc_ C_apat‘):'tinffe c_omperllls,atlgn W|thou_t u5||ng
more important for exadf—V” measurement of nano technology. ¢! ration patterns by combining both floating well and conventional

The schematic illustration af'—V' measurement with floating well methods.
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