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A New Method for Extracting the Counter-Implanted
Channel Profile of Enhancement-Mode p-MOSFET’s
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Abstract—A new methodology is proposed to extract the . Ly |
nonuniform channel doping profile of enhancement mode p- | |
MOSFET’s with counter implantation, based on the relationship

between device threshold voltage and substrate bias. A self-

nt — poly Gate

; ; I= Oxide
consistent mathematical analysis is developed to calculate the x
threshold voltage and the surface potential of counter-implanted Source / p \ Drain r
Iong-channel p-MOSFET at the onset of heavy_lnvers_lon. Com- / Va AN y
parisons between analytic calculation and two-dimensional (2-D)
numerical analysis have been made and the accuracy of the et ol
developed analytic model has been verified. Based on the devel- n-Substrate
oped analytic model, an automated extraction technique has been | ‘ B
successfully implemented to extract the channel doping profile. Depletion Edge

With the aid of a 2-D numerical simulator, the subthreshold

current can be obtained by the extracted channel doping profile. Fig. 1. The cross section view of a conventional p-MOSFET withcounter
Good agreements have been found with measured subthresholdimplantation.

characteristics for both long- and short-channel devices. This

new extraction methodology can be used for precise process

monitoring and device optimization purposes. I. INTRODUCTION

MOS technology has become a major trend in existing
VLSI circuits due to its low power dissipation, however,

NOMENCLATURE the modeling efforts spent on p-MOSFET’s are quite limited.
E(ya)(E(yamax)) Built-in electric field at the depletion To achieve comparable threshold voltage for both n- and p-
(maximum depletion) edge. channel devices in CMOS circuits, counter implantation is
L(W) Mask channel length (width). usually applied to the channel region of p-MOSFET's in the
Np(y)(Na(y)) Non-uniform donor (acceptor) dopingwell-established h-poly silicon technology. Moreover, the
profile in the substrate. deep phosphorus implant for punchthrough suppression, which
p(y)(n(y)) The hole (Electron) concentration dis-can reduce the DIBL effect [1], [2], is commonly used in
tribution. modern VLSI technology. Fig. 1 shows the cross-sectional
Q..(Qr) Space-charge (Inversion-charge) densew of a typical p-MOSFET with counter implantation, in
sity per unit area. which a p-n junction is formed near the channel surface and the

Vasi Extrapolated gate voltage &g = 0. operation mode of this device depends on the device structure
Vase Gate voltage for the maximum parameters [3], [9].

transconductance. Many methods [4]-[8] have been proposed to profile the
va(Yamax) Depletion (Maximum  depletion) channel implant in MOSFET. Secondary ion mass spectrom-
width under the gate. etry (SIMS) [4] and spreading resistance profile (SRP) [5]
V.ine Surface potential at threshold. are often used but these methods suffer from the destruction
¢r The Fermi potential in the bulk. of semiconductor wafer. The capacitance measurement had
¢, Surface potential without consideringbeen proposed [6], however, it subjects to the Debye limit
the drain bias effect. and is not suitable for deep submicron MOSFET's. Another
¢, Thermal voltage. technique to extract the channel profile is based on the
P(ya)(P(yamax)) Built-in potential at the depletion current-voltage method. THess-Vas technique [7] is based
(maximum depletion) edge. on constant drain current corresponding to constant inversion

charge, which requires a correction in the analysis because the
effective MOSFET mobility varies with/gs. Recently, the
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TABLE | 7
STRUCTURE PARAMETERS OF THE DEVICE
USED FOREXACT NUMERICAL SIMULATION | pMOSFET
W/L = 25 um/25 um
Parameter " value ol T, =104
Tox (A) 140 Ves = Vise
W/ L(pm/um) || 25/25 1 v =005 v
D (10%cm™%) || -0.8
ARp (10~%cm) || 0.4 Q5
Rp1(10™5cm) 0.3 Y
DI?(IO]ZCm_Z) 4.0 g '—‘_’-\\‘\-\-\-\-
ARpy(10~%cm) || 0.45 3
Rps(10~%em) || 0.25 © 4 Sty e
NB(l()Mcm_a) 3.0 o --$‘4“4~-;_
1 R
-
In this paper, a new extraction methodology to extract the _:_ ;’E:Ct I‘;”;“:‘f?;&‘(‘:ly“;/m
channel doping profile of enhancement-mode p-MOSFET's _+_:¢(y"'"”): ¢['ln[N(ydmax)/NB]—¢
with counter implantation is proposed. With the aid of the P e R
threshold-voltage fittingnethod and two-dimensional (2-D) T
numerical simulator, the proposed method becomes very effi- -2 0 2 4 6 8 10
cient and accurate. The merit of this method is to measure the Substrate-to-Source Voltage, Vps (volt)

current—voltage {—V) characteristics directly, and no special

large test structure is required. Since theshold-voltage Fi9: 2. Comparisons between approximation (c), conventiarigli max),

L . . . and the numerically generated built-in voltageat the depletion edge.

fitting method is used for profile extraction, the accurlig

model is needed. Due to nonuniformly doped substrate, a

self-consistent analysis is developed to calculate the thresheldere Dy;, Rp;, and A Rp; are the dose, range, and straggling
voltage and the onset of heavy inversion in Section Il. Thef the ¢-th implantation, respectively. Note thal; is not the
accuracy of the new analysis has been verified by exact 2t@al dose implanted into the substrate as the dosage loss in
numerical analysis. In Section lll, thBreshold-voltage fitting ¥ < 0 is also included inDy;.

method is described. Applications and discussions of the newTo computel;;,, we use the following assumptions [10]:

methodology to extract actual doping profile are given in (a) The depletion width reaches its maximum valyg =

Section IV. Conclusions are summarized in the final section. Yamax) When the gate voltage is equal to the threshold
voltage.
II. ONE-DIMENSIONAL THRESHOLD-VOLTAGE MODEL (b) No electron distribution within the depletion region for
Due to channel implantation in MOS devices, Boath p-channel devices.

al. [9] had shown that the surface potential at the threshold(€) ¢(Yamax) = ¢ In[MWamen)] — g, where Np is the
condition for all the extraction methods is not equal to the ~ base concentration in the substrate a@ithqmax) (=
conventional2¢ for the nonuniformly doped substrate. In Nen(Yamax) + Np) is the net doping at the maximum
general, the threshold voltage is usually determined exper-  depletion edge. .
imentally from I—V characteristics by linear extrapolation (d) E(Yamax) ~ — 1\?5(;) : %ﬂlyzydmx
method, and the discrepancy and inconsistency between th&o examine the validity of assumptions, a 2-D device
definitions of ¥, and V;, can be expected. Antoniadissimulator—SUMMOS (SUb Micron MOSFET) [17] is used
[11] had first proposed an algorithm to directly calculatand Table | lists the structure parameters used. According to
Vi from the extrapolatior);—Vas curve, and the problem the definition of depletion width [10], the built-in electric
of defining ¥, was still overlooked. Moreover, there isfield at the defined depletion edge is not equal to zero
a questionable assumption that the linear part)gfversus but is negligibly small. Approximation (d) is derived by
Vas occurs at the vicinity ofQ7o = 3 x 1078 coullcn?. In  assuming the thermal equilibrium and, in general, it can
practice, the theoretical analysis and simulation showdhat hardly affect theV;;, calculation for its small value. Due
is not exactly equal to this magic number but depends on ttze the charge exchange of electrons, the charge neutrality
device structure parameters. In this section, we will introdué® not valid at the depletion-layer edge, and this effect has
a new mathematical analysis to calculate thg and ¥,,, been considered in approximation (c) by using conventional
self-consistently. value minus¢;. Fig. 2 is presented to demonstrate good
For the implanted profile, the excess profiM-u(y) (= agreement between approximation (c) and simulated iax)
Np(y) — Na(y)) can be approximated by the superpositiofor various substrate biases.
of Gaussian distributions Using these assumptions, we can easily obtain [10]

DIi Y + Tox - RPi 2
Nen(y) = z; V2r ARp; FEP [_< V2ARp; )

Yd max
sC max == N d - Si : E max 2
o Qe (aman) = 4 / @) dy — et E(amn) @)
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s 1 /ydx D) dy 3) whereV,, is equal t00.5 Vps. Sincelpg is proportional toQy
e 0 in the linear part of thepg versusVgg curve, the threshold
and voltage can be defined as

d)s = VBS + ¢(yd max) + Yd max * E(yd max) _ QI
Vin = Vase — 5,

q Yd max q Yd max
- = / yN(y)dy — — / y-p(y)dy. (4) IWas Vg
€si Jo € 0

where the effect o¥/pg on Q7 has been taken into account. It

It is noted thaty, . Must first be determined. In this paper . N
we concentrate our attention on the surface channel conduct%r?md be noted thaly, is evaluated algs = Vas, and

devices, therefore the heavy-inversion definition can be used>* can be obj[amed by —V meas_urement. Because the
[10] Infegrals can be integrated or approximated by error function,

the computation time can be considerably saved.
' 5) According to this strategy, th#, versusVgg relation can
e be found without difficulty and/s; is re-substituted into (11)
to determineV¥y;,, by

= VGSJ; - Vac (13)

dQI — dQsc
dgs |y, des

This leads to the critical surface potential as

Qsc(d)sin'v) + Qf(d)sin'v)
Cox

¢sc _ _d)t ln Qsc(yd max) . -ZXB ) (6) \Ijsin'u = VGSi — VB + (14)
q " Ydmax * T

Note that (5) is valid only wher; is negligibly small as Where iy is the surface inversion potential ps = 0 V.

compared taQ... (4) is eventually written as Fig. 3 showsQ; as a function ofzs for various substrate
biases. Obviously, the accuracy of the developed analytic
Psc = Vs + ¢(Yamax) + Ydmax * E(Yd max) model is excellent near and beyond threshold. This result is
9 / Y max N(y)d ) extremely important because the calculation¥gfand ¥, .,
&i Jo YN\ ey. need accurat€); above threshold. By contrast, the traditional

. . definition of V;;, obtained by setting), = ¢, andQ; = 0
Combining (6) and (7)yqma.x Can be determined. Moreover,. (11) is compared with our approachl.. and the surface

(3) will collapse for the buried channel conduction. The reason

is that direct integration cannot be made by using the integP(?tem'al at the threshold condition versliss are shown in

variable transform sincé¢/dy = 0 at the potential minimum tﬁe insert of F|g_. 4, in which th.e resuilts O.f analytical model
re compared with exact numerical analysis. Good agreements

point and most contribution of holes comes from this positio? S
below the surface. In this case, (6) no longer holds due fQr our model can be observed and underestimation of surface

negativeQ... This limitation is consistent with our applicationpotentlal shows the deficiency of the traditional method. Note

which is limited to the case of surface conduction p—chann%\at.\lj sinv INCreases wittVs, while it tends to saturate dss
devices. iS high. This behavior is attributed to the squeezed effect of

From the numerical analysis, it is found thdy) for surface inversion—charg'e. Fig. 4 also .S.hOWS comparisons among our
conduction is nearly a Gaussian function along the verticg1h model .(SO“d curve), traditional approach (da;h curve),
direction and can be approximated by and numerical data, and the a}greements_, are quite good for

our model. Furthermore, considerable discrepancy between
numerical analysis and traditional approach due to inconsistent
Vi definition can be observed. With the high accuracygf
calculation, thethreshold-voltage fittingnethod can be used

to extract the nonuniformly doped channel profile.

2
p(y) ~ ps .exp<—%) for y > 0 (8)

wherep, and A can simply expressed as

2
n; _d)s
Ps = -exp< ) )
B Pt [ll. THE THRESHOLDVOLTAGE FITTING METHOD
and The -V characteristics of a long-channel device are not
2.Qy affected by the short-channel effects. The subthreshold cur-
A ——. (10) . ; ) -
VT ps rent is nearly independent of carrier mobility, therefore the

subthreshold behavior mainly depends on the channel doping
rofile. Based on this concept, tttereshold-voltage fitting
nethod using thel;,—Vag relation is presented to extract
the channel profile. This technique can be understood by the
following description. The substrate bias forces the depletion
region under the gate to extend into the substrate, therefore dif-
ferent surface potentials and space-charge densities correspond
differentVgs. In other words, the substrate sensitivity of the
threshold voltage can monitor the nonuniform channel profile.
Because thd/y,, V., @, and Q. calculated in Section
U, =¢s+ V, (12) 1l agree well with those extracted by numerical analysis,

ps is the hole concentration at the surface ahdis the
characteristic length for hole distribution. Under the charg
sheet approximation, the potential balance equation is

Qsc(¢s) + Qf(d)s)
- o (12)

and thenp, at Vios = Vgs, can be iteratively calculated from
(2)—(4) and (8)—(11). The surface potential at the middle poi
can be expressed by

Vas = Vre + ¢
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7 TABLE I
p-MOSFET VARIOUS INITIAL GUESSES ANDEXTRACTED PROFILE
PARAMETERS FOR EXACT NUMERICAL ANALYSIS
6 T, = 140 A
| L/W =25 um/25 um Parameter Initial Extraction Initial Extraction
E N ical Analvsi Guess 1 1 Guess 2 2
| SIS
sbact ,umema falysis D11 (10%em™) -1.8 -0.976 -1.§ < 0.844
51 — : Analytic Model ARpy (10~ Sem) 0.6 0.58 0.25 0.397
Vps = —0.05 v Rp1(10~%em) 0.5 0.271 0.3 § 0.3
D13(107em ™) 6.5 7.403 4.0 § 4.0
4 ARpa(107%em) 0.7 0.715 0.3 0.439
Rpa(10=%em) 0.65 0.595 0.25 § 0.25

§ : the value of parameter is the same as that of Table I and is fixed
in optimization.

where kg = 1oCoxWest/Leg. 6 is the mobility degradation
coefficient andyg is the low field mobility. Leg (Weg)
is the effective channel length (width). In general, (15) is
accurate enough for the long-channel devices. For p-channel
devices in modern MOS technology, the concentration of deep
phosphorus implant is high enough and the depth of counter-
implanted layer is shallow. Due to the built-in voltage of the
Gate-to-Source Voltage, Vs (volt) formed p-n junction, the counter-implanted layer is normally
depleted. This leads to enhancement-mode operation and (15)
Tan be applied.

According to (15), we first measure the drain current at a
low drain voltage (e.g.}ps = —0.05 V), and then the linear

Hole Density, Q (1E-7 Coul/cm?)

0 r L T ¥ T ¥ T T T T T
-0.5 -1.0 -1.5 -2.0 -2.5 -3.0 -3.5

Fig. 3. Comparisons of the hole density between 2-D numerical analy
andanalytic model for different substrate biases.

1] ) ) extrapolation of drain current at the point where the maximum
] ® : Exact Numerical Analysis . .
1 — . Our Analytic Model transconductance occurs gives the extrapolated (or intercept)
191 __ . Traditional Approach L gate voltage Vs;. .Therefore, the experimental threshold-
o 1 WL = 25 wm/25 um voltage can be written as
[e) o
£ 179 1,-1404 Vbs
"t 1 Voo = 005 v Vin = Vasi — — . (16)
> ] o Ips=0
& 713 By using the nonlinear optimization algorithm in [18] and
= 1 T4 : Exact Numerical Analysis | 0 the V;;, model, we can search several variables in thg
> E 3 — : Our Analytic Model - L .
5 139 £ | Tadional Approach | o model and minimize the error between the threshold function
9 ] < 104 Yny e | F and experimental data.
23 S 41 Fr e I ]
= EN A L E IV. RESULTS AND DISCUSSION
PR \/ L-04F
o <
-091 ¢ o i o A. Comparisons With Numerical Data
[} . 1y —r—y—r—— -0.
! 20z ?mh)ﬁ 8 10 The structure parameters of the test device are listed in Table
BS . .
-0.7 — | and are used as inputs to SUMMOS. The high accuracy of
-1.0 1.0 3.0 5.0 7.0 9.0 11.0

Vin calculation must be claimed because the errovigfVss
Substrate-to-Source Voltage, Vgs (volt) between numerical analysis and analytically calculated results
. . ) ill contribute to the extraction of surface concentration. Table
Fig. 4. Application of the developed new strategy to the calculatlon (}I‘V L
thethreshold voltage fokps = —0.05 V. The insertshows comparisons shows two sets of initial and extracted parameters.
between the numerical dat&)s., #s) and our analytical calculations. The- Extraction 1 and Extraction 2 are the extracted profiles
calculation results of the traditional approach are also compared. for initial guess 1 and initial guess 2, respectively. Putting
the extracted parameters into 2-D numerical simulator, we
consequently théhreshold-voltage fittingnethod can be used can obtain the corresponding subthreshold characteristics for
for profile extraction. different profiles. It demonstrates that excellent agreements
In this work, the approach to extract the threshold volR€tween comparisons can be obtained for long-channel device
age from the experimental device is directly basedZer//  (not shown in this paper). The insert of Fig. 5 shows the actual
measurements, the drain current of the enhancement mé@é extracted doping profiles, and some discrepancy among

MOSFET's operated in the linear region can be expressét¢m can be observed. This can be attributed to the nonlinear
by [12] property of the channel profile parameted3( ARp;, and

Rp;) correlated to the threshold voltage. For this reason, the
)VDS (15) extracted profile only guarantees to have the sipeVas re-
lation as that of the actual device. This implies that the channel

ko
14+ 6(Vas — Vin)l

Vbs
2

Ips = [ <VGS - Vin —
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107 3 A
1 = Extraction 1 p-MOSFET
102§ % Extraction 2
] Vps = -5V Initial guess from
1073 5 process Spfdﬁcaﬁon
2 10 § _ 2 Input channel
~ Vas =0 v Tor = 140 A profile parameters
z 1073 Loy = 0.45 pm 7
= 3 Measure V-V
> long channel Non-linear UTe T VBS
6
g 1073 = Vi, equation Optimizer relation of long
o) 3 E channel device
; 107 g
< E Update ch 1
£ pdate channe N
g 108 é profile parameters Match Vg,—Vgg relation
N S
SISt 2 -
E g — @ Actual Profile
10—10: 2 iy m : Extraction 1
E g X : Extraction 2
3 g .
-1t ) 10! T T T T T
107y / AN 0.0 0.1 02 03
¥ Ves =5 v Depth, y (um)
10712 : ' . . . . Match the
0.0 05 1.0 _15 20 DIBL and punchthrough effects

for short-channel device

Gate-to-Source Voltage, Vs (volt)

Fig. 5. Comparisons of the simulated subthreshéldV" characteristics

between Extraction 1 and Extraction 2 for 2-D numerical device with | Output channel-profile parameters
Lesg = 0.45 um operated atps = —5 V. The insert shows comparisons of

the channel doping profiles among the actual profile (solid curve), Extraction

1, and Extraction 2. @

Fig. 6. The flowchart of our extraction methodology for determining the
profile determined by thé¢hreshold-voltage fittingnethod is channel doping profile.

the equivalent profile viewed from the Si/Si@hterface. There

are some equivalent profiles satisfying the measlitgelVss, reduced. With the dose level of counter-implanted layey; )

the actual profile is one of the extracted equivalent profiles. ificreases orRp; increases, p-MOSFET’s are more prone
order to obtain the actual profile, the doping distribution along the DIBL. For a small-geometry device with the deeper
the lateral direction must be carefully examined by the DIBbkource/drain junction or the steeper junction profile, the DIBL
effect [13] and punchthrough phenomenon [14]-[16] of shoréffect is further enhanced. A 2-D numerical simulator is
channel devices, because the 2-D effects on the subthreshaldd to evaluate the lateral profile by comparing the DIBL
I-V characteristics are very sensitive to the detailed profigmd punchthrough effects of short-channel devices. If good
distribution. A 2-D numerical simulator is a powerful toolagreements are obtained, the extraction is finished; other-
to investigate these phenomena. Fig. 5 shows compariserise the feedback procedure is continued. The full extraction
of the simulated subthresholfi-V characteristics betweenmethodology is illustrated in Fig. 6.

Extraction 1 and Extraction 2 for device wiflyg = 0.45 pm

at Vps = —5 V. Obviously, the behaviors of punchthroughB. Comparisons with Experimental Data

characteristics are very different. It is the fact that current The test devices studied are fabricated by the ;&r0-

path strongly depends on the implanted range and the pgalfe|l cMOS technology. The LDD structure is embed-
concentration of implantation. Small difference in profiles wiljeq and the gate oxide thickness is 188 Due to buried
lead to large deviations of subthreshald-V' curves. The channel, the induced carriers in the linear region are not
insert of Fig. 5 also shows that the profile extracted from initiqilghﬂy confined near the surface, but is widely spread in
guess 2 can approach the actual one. Based on this observaijgf, counter-implanted layer. With channel broadening, the
it is recommended that the number of UnknOWnlsearCh@Hanne| resistanc(eqdl) becomes smaller and m|ght be com-
parameters must be reduced for profile extraction. The Phearable with the parasitic resistantBsp). Small gate drive
cedure can be easily extended to the experimental extract'(%s — Vin — 0.5Vhs) under suitable substrate bias meets
if some fabrication parameters of the test devices are knowe requirement 0BRy,/0Vas > ORsp/0Vgs and higher
previously. accuracy of channel-length reductioAL) can be expected.
According to the above discussions, a new feedback tedthe method used for extractingyZ of counter-implanted p-
nigue can be practiced. Under suitable initial guess, the choig@®SFET'’s [21] is slightly different from that of n-MOSFET'’s
of channel profile can be further reduced by theeshold- [19], which has been verified by a novel technique based on
voltage fittingmethod. For short-channel devices, as the dontite charge-pumping method [2QAL = 0.33 um is obtained
dose(Dys) is increased oA Rp, is decreased, the effectivefor the test devices.
doping level of anti-punchthrough implant increases, causingFrom process specification, we obtain some structure param-
the drain field penetration to decrease, thus the DIBL &ters of implantation. For exampléi '+ implantation with
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107! 3

1 — : Measurement LDD p-MOSFET
10_2; =& : Simulation Tox = 198 A
I Vas=0v L =06 um
—_
<
N’
w
(=]
S
J -
S 10 3 — : Measurement
= ] : Simulation
=)
@)
£
=
=
@)
10710
1o 005 115 2 25 3 39
o . Vps = -0.05v V(.‘,s ol i -
0.0 -0.5 -1.0 -1.5 2.0 2.5
Gate-to-Source Voltage, Vgs (volt)
(@)
107! §
1 — :Measurement LDD p-MOSFET
1029 ® : Simulation Tor =198 A
E L =06
Vs =5v wm
1073 3
— ]
NIRTRE
” E
2 ]
— 10—5 ;
g b
= 109
= E
U B
= 1073 Vps = —4 v
A 10y Vps = =3v
Vps = -2v
-9 4
1074 Vs = -1v
10 ]
10775 (e g = 005 v
101 ! T T
0.0 -0.5 -1.0 -1.5 -2.0 =25 -3.0

Gate-to-Source Voltage, Vs (volt)
(b)

Fig. 7. Comparisons between the measured and extracted subthréshiold
characteristics for the test device with= 0.6 ym operated at (a)ygs = 0
V and (b) Vgs = 5 V.

energy of 25 Kev and dose df1 x 10'2/cn? is used for
the threshold adjustment and the implantation raRge can
be estimated to be around 0.09%. For n-well, phosphorus

ions are implanted with energy of 150 Kev and dose o

5.5 x 10'2/cm?, and thereforeR >, is about 0.23:m. Though

high-temperature processing steps can alter the channel profile
by redistribution and segregation of dopants, we assume thd
deviations of D; and Rp; between initial and actual values [9]
are not large. Therefore, the initial guess for implantation

can be confined within a small interval during optimization[io]
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Si and SiQ and use the superposed Gaussian function to
approximate the implanted profile. Comparisons between our
extraction and the measured subthreshblel” for L = 25

pm are plotted in the insert of Fig. 7(a). The agreements
are quite excellent. To check the DIBL and punchthrough
characteristics of short-channel devices, the gpurce/drain
profile of LDD structure only needs slightly adjusted. In Fig. 7,
the measured subthreshold-V are compared with those
obtained from 2-D numerical simulations fdr = 0.6 zm
operated at different substrate biases. It is clearly seen that
the DIBL and punchthrough effects are very prominent at
Ves = 0 V, as shown in Fig. 7(a). Good agreements in a
wide range of drain biases and substrate biases are obtained.
It means that the extracted parameters are accurate. Therefore,
the proposed method is successfully verified and has high
efficiency/accuracy.

V. CONCLUSION

The formulation and verification of a new self-consistent
strategy for thel;,, calculation and the surface potential at
threshold are provided. The definition and the resultant crite-
rion of the onset heavy-inversion in MOSFET with nonuni-
formly doped substrate have been used to compiie
Comparisons between analytic model and exact numerical
analysis have been made and high accuracy can be obtained.
Based on the calculated;;, the threshold-voltage fitting
method has been implemented in a nonlinear optimizer to
automatically adjust the profile parameters of p-MOSFET’s
with counter implantation. With the aid of a 2-D numerical
simulator and by comparing the DIBL and punchthrough ef-
fects of short-channel devices, the extracted channel profile can
approach the actual one by our extraction methodology. Good
agreements have been found with the measured subthreshold
characteristics for both long-and short-channel devices. The
extracted channel profile can be used for the evaluation of the
p-MOSFET'’s characteristics and precise process monitoring.
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