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3. Experirental Procedure
I mpur i ty prof i I i ns and C-V

characterist ic measunements were
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A p*-n junct ion capac i tance character i st ics has been anal yzed
with a novel three-dimensional impurity profil ins method usinS
chemical etching and scann ing tunnel ing mieroscopy. The
calculated capacitance-vol tage characterist ics for plane and
sidewal I capacitances agree better with the neasured
characteristics conpared to that obtained with conventional SIMS
analys is. I t was found that the C-V character ist ic for s ide-
wal I copacitance scarcel y depend on the impur i ty prof i I e. The
proposed STM profiline method will be a promising tool for a
device characterizat ion for nanometer-scale ULI s.

2. Novel irpurity profil ins nethod
F i g. I shows schemat i c draw i ng of

the proposed irpurity profil ine
method. The procedure is as follows.
The sample is coated with resist
mater ial to prevent surface etch ing,
The sample is then cleaved to expose a
cross sect ion through the implanted
regtion. The cleaved surface is etched
us ing an etchant whose etch-nate
depends adequately on impur i t y
concentrat ion. Final ly the resist is
stripped and the etched surface is STi|
imaged in an air ambient.

The etching profile obtained from
the STli| image yields two-d imensional
irnpur ity concentrat ion prof i le. A

calibration curve between etched depth
and the impur ity concentrat ion of
reference samples with known impurity
content is used for the convers ion.
The best etchant system has
composit ion of HF, HN0r and H.r0 with a
vol ume rat io 1 : I 00: 25. "Th" et6hant i s
appl icable , f,o s4pnleg with a dopant
rangte of l0ro-I04ucr-J. Comparisons to
depth profiles obtained with SIMS and
spread ing res i stanee methods reveal
that th i s proposed method measunes
activated boron irpunity concentration
rather than total boron concentrat ion.
Three-d imens ional prof i t i nS i spossible with pepeating the etching
and STM imaging procedure.

1. Introductron
To real ize hish density and h igh

speed ULSI s, it is very important to
obtain accurate intr ins ic and
paras it ic dev ice parameters incl ud ing
those of passive elements. Al though
character ist ics of interconnect ion
I ine capac i l.qnce have w i de I y been
invest isated, " I itt le is known about
character ist ics of p-n iunct ion
capaeitance. This is because accurate
impurity profiles, includine lateral
profiles, could not be measured with
oonvent ional impurity prof i I ins
nethods. A new secondary i on mafip
spectrometry (S I MS) measurem enLz'
capable of two-d imens iona I irnpur i tv
profiling has been developed, but the
lateral resolution is 0.5pm at best.
Scanning tunnel ing microscopv (STM) and
related technologies have been used
as microcharacterizat ion tools for
processes and devices because of their
hish resol ut ion. Lateral dopant
profiline was realized with scanning
copacitance m icroscopy tgphn ique, but
the resolution is 0.Zttm.r/

Recently we have proposed a novel
thnee-dimensional impurity profi I ins
nrethod with 10nm resol ut ion wh ich
comprises etching a cleaved silicon
surface of boron inplanted layer afC
inag ing the etched surface by STJ*|. o'
In this paper, we demonstrate that
capac i tance-vol tage (q-V )

characterist ics of p'-n junct ions are
well analyzed using this pnofiline
met hod.
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penformed wiIh bgron ion implanted n-
type (n=5xl0rocm-r) $i (100) substrate
with a dose of lxl0rocm-z at an energy
of 7OkeV. I rpur i ty pnof i I es rrere
measured us i ng the prof i I i ng method
described in Section 2 and SIMS. The
C;V eharacter ist ics measurements ofp'-n junct ions were carr ied out on
different sizes using an impeda.nce
anal yzer (HP4l94A) at a frequency of
100lrlHz. Care ras taken to insure that
the measurenents were carried out at a
h iSh enough frequency to obta in
reproducible C-V characterist ics. For
the analys is of C-V charaiter ist ics,
we used a two-dimensional device
s imulaton (TRANAL). b,l Both measurements
and calculat ion were carr ied out for
bias voltage between 0V and 1V,
because it is inportant to know low-
voltage C-V characterist ics for
designing ULSIs with low supply-
vol tage.

4. Irpurity profiles
The neasured depth and I ateral

bonon inrpur i ty concentrat ion
prof i I es us i ng STM and S I MS depth
profile are shown in Fis.2. It is
found that the junction depth obtained
with STlr| is smaller than that with
SI l,ls. lt|oreoveF, in th is sampl e,
I ateral junct ion depth i s determ i ned
as 7Of, of junction depth with l0nm
resolution, while it is general ly
assuned as 60f-80X when designing MOS
LSIs.

Fig. 3 oompares two-d imensional
impunity profiles obtained with the
two rnethods. For SI MS datar w€ assumed
I atera I prof i I e to be t he same as
depth prof i I e and nesl ected the h igh
concentrat ion region wh ich ma in I y
contains n \ electrical ly inact ive
irnpurity.o' The distinct difference
is depicted in the s idewal I reSion
which is array from implantat ion mask
edge ; depth profi le obtained with STM
i s gradual compared to S I J'|S dept.h
prof i le, contrary to the depth prof i le
in the plane region. The prof i le shows

0.1 0.2 0.3 0.4 0.5
Distance ( pm )

FiS.2 Impurity concentration profiles.
Lateral profile rras measured beneath
the mask starting from the edge.

alrnost straight-line impurity
d istr ibut ion just I ike that for
I inearly graded junct ions. Thus, this
nanometer-scale prof i I ine method has
first enabled us to analyze C-V
charaoter ist ics of s idewal I
capacitance as will be descnibed in
the next section.

(a)

c-v characteristics were
caleulated for the obtained irpurityprofiles with STM. The results for
p I ane and s idewa I I ca-pac i tances are
shown by sol id I ines in F iS. 4. Here,
the applied voltage Va d"p.ndence of
capac i tance i s eva I uated us i ng the
following expression

c=co (l+v a/vbi- (2kTlq ) /vbi ) -n, ( 1)

where Co is a constant, Vbi built-in
voltage and k Boltzmann constant. The
vol tage d"pendence factor n i s

Fig. 3 Two-dimens ional irpur i ty prof i lesobtained with (a)STM and (b)SfU3.

5. C-V characterist ics
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Sidewall Capacitance STM
SIMS
Meas.

Plane Capaciiance

agreement w ith the measured resul ts
compared to the calculated resul ts
for STM prof i le, because S I lr{S depth
prof i le is gradual compared to STM
prof i I e. 0n the contrary, the voi tage
d 
"p"n 

d en ce of sidewall
capacitance (n=0. 36) is almost the same
as that with STlr| profile. This is
attributed to the fact that C-V
character ist ics are dom inated bv the
re8 i on where dept h prof i I es show
almost straight as described above.

5. Concl usion
C-V characten i st i cs of p*-n

junction have been evaluated using the
STlt| prof i I ing method wh ich I i ves
activated impurity profiles with
nanometer resol ut ion. I t is
dernonstrated that calcu I ated C-V
ch_qracteristics for plane and
s idewal I capac i tances show bet ter
agreenent with the measured
charactenistics compared to that with
S I MS prof i I e. I t was found that C-V
character ist ics for a s ide-wal I
capacitance scarcely depend on the
impurity profi les. MoreoV€p, the
obtained capacitance val ue enable to
simulate circuit performance more
aceurately, though not shown in the
text. Thus, the proposed STM
profil inS method uil I be a promising
tool for a device characterization for
nanometer-scale ULIs.
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Fis. 4 (a) Cross-sect ional v iew of p*-n
iunet ion. Cp i s pl ane cdpac i tanceand Csw is siderral I cipac i tance.(b)C-V characteristics. n is voltage
dependence of copac i tanee descr i bedin Eq. (l).

extracted fron the f itt ins to Eq. ( 1 ) .
The n for plane capacitance is found
to be 0. 45 and that for s idewal I
cspacitance is 0.35.

The measured C-V character i st i cs
are also shown by open circles. The
agreement of calculated data wi th
the measured resul ts i s renarkabl e.
A I so, the measured C-V character i st i cs
difference between side wal I and plane
c4pacitance is also reproduced bv the
calculation. The n fon s idewal I
capacitance is as small as that for
I inearly graded junct ions (n=0. BB).
This is because an equivalent circuit
for sidewall cepacitance is expressed
as paral lel capacitors and hence C-V
characterist ic is dominated by that
in the low surface impurity region
where depth prof i I e. is almost
straisht-line impurity distribution.

Calculations wene .also performed
for SIlt|S profile shown in Fis. 3 (b).
The nesults are shown in Fig.4. The
voltage dependence of plane

Appl.

copac i tance (n = 0. 39) shows poorer
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