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Abstract | Inverse modeling is a promising ap-

proach to know device structures made in experi-

ments. We show our inverse modeling approach and

its e�ciency by demonstrating accurate extraction of

deep submicron MOSFET structures. We also show

that our approach can predict device performance to

optimize its structure for required speci�cation.

I. Introduction

In order to develop deep sub-micron MOSFETs with

competitive cost and reasonable turn around time, device

engineers should know what they have made by split-lot

experiments. This requirement seems to be trivial, but

it is not so easy to precisely understand what's going on

in their experimental devices. Nobody can look at real

impurity pro�les without destroying the devices. Even

if sophisticated analyzing tools such as X-TEM, AFM,

SIMS and so on are used, we can never see carrier trans-

port behavior when the devices are operated.

Recently Technology-CAD (TCAD) tools have begun

to play a quite important role to ful�ll the gap between

such demands and inadequate capability of the analyzing

tools. Physics-based process and device simulators can

show us vivid doping pro�les and electron/hole distribu-

tions inside any kind of semiconductor device even under

operation as well as terminal current-voltage characteris-

tics. However, there is still a large problem to be solved

in the TCAD tools. That is mainly caused by the inac-

curacy of process modeling. Today's most sophisticated

process simulators implement point-defect-induced impu-

rity di�usion models, but they have a lot of �tting param-

eters to reproduce experimental results even in the case

of one-dimensional di�usion. Moreover, those parameters

are often local and cannot be applied to wide range of

process conditions. As a result a process simulator out-

put cannot reproduce experimental current voltage char-

acteristics when it is transferred to device simulators even

though the physics in device models are accurate enough

to express simple devices. One promising approach to

overcome the above-mentioned di�culty is so-called in-

verse modeling [1].

The concept of the inverse modeling is that physically

precise device models can be used to determine device

structures including active impurity pro�les. In the case

of MOSFETs C-V characteristics can be modeled only

by Gauss's law-based Poisson equation that is accurately

solved by a numerical method. Also, sub-threshold cur-

rent voltage characteristics can be expressed by a well-

known impurity concentration dependent di�usion cur-

rent model. By using these C-V and I-V characteristics

from experiments we can inversely solve Poisson and cur-

rent continuity equations with near-equilibrium condition

to obtain the doping pro�le and the device structure in-

cluding the gate oxide thickness. Finally, self-consistent

agreement of all C-V and I-V characteristics between the

measurements and simulations guarantees the precision of

the extracted device structure.

In this paper our much simpler approach for the inverse

modeling as well as our program to support it will be

described and we will show that it is used not only to

know what is made in experiments but also to predictively

know what should be made.

II. MOSFIT : Inverse Modeling Assist Program

Figure 1 shows the ow chart of our inverse model-

ing assist program named MOSFIT using GALENE-III[2]

as the main device simulator. In the input processor of

GALENE-III there is a structure �le which contains de-

vice structure information including doping pro�les, gate

oxide thickness and so on. A two-dimensional doping pro-

�le is expressed by combination of simple functions like

step, Gaussian and error functions without using any com-

plicated 2-D spline functions suggested by others[1]. 1-D

channel doping Nch(x) is de�ned as

Nc(x) = Nc

8<
:

expf�(x�xc
Dc1

)Ec1g (x � xc)

expf�(x�xc
Dc2

)Ec2g (xc � x)

(1)
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Fig. 1. Program Flow of MOSFIT

Ns(x) = Ns expf�(
x� xs

Ds

)Esg (2)

Nch(x) = Nc(x) +Ns(x) (3)

where Nc, Ns, xc, Dc1, Dc2, Ds, Ec1, Ec2, Es are �tting

parameters and xs is a coordinate of silicon surface. Poly-

Si gate doping Np(x) is de�ned as

Np(x) = Ng

8<
:

1:0 (x � xg)

expf�(
x�xg
Dg

)Egg (xg � x � xgs)
(4)

where xgs is a coordinate of gate-SiO2 interface and Ng,

xg, Dg, Eg are �tting parameters. And 2-D source/drain

extension Nex(x; y) doping is de�ned as

N1(x; y) =
N1

2
expf�(

x� x1

D1

)E1g erf(�
y � y1

R1

) (5)

N2(x; y) =
N2

2
expf�(

x� x2

D2

)E2g erf(�
y � y2

R2

) (6)

Nex(x; y) = N1(x; y) +N2(x; y) (7)

where erf(�y�y0
R

) is error function and N1, N2, x1, x2,

D1, D2, E1, E2, y1, y2, R1, R2 are �tting parameters.

The inverse modeling procedure by MOSFIT shown in

Fig.1 is described as follows. At �rst a MOSFET device

structure and its doping pro�les in the structure �le are

expressed by those functions using a process simulator
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Fig. 2. C-V simulation after the gate oxide thickness and the

poly-gate doping pro�le are determined (solid lines : mesurement,
symbols : simulation).

output as an initial guess. C-V or I-V characteristics are

calculated and compared with experimental results. Then

the MOSFIT calculates the error and corrects the �tting

parameters in those functions in the structure �le by the

optimization program to generate a new device structure.

Then again C-V or I-V characteristics are calculated and

compared with the experimental results. These steps are

iterated until enough convergence is obtained. Finally

when it is converged, the structure �le contains an in-

versely extracted device structure concerning the calcu-

lated electrical characteristics.

III. How to Extract a Sub-Quarter Micron

Device Structure

In order to obtain a complete device structure for a

deep sub-micron range, the procedure described in the

previous section is applied to at least three di�erent de-

vice structures. The �rst one is a large area MOSFET

to extract a gate oxide thickness and a poly-gate doping

pro�le by using split C-V measurement data. The second

one is a long channel MOSFET to extract a channel dop-

ing pro�le by using a body e�ect of sub-threshold Id-Vg

characteristics. And, the third one is a wide channel or

�nger gate MOSFET to extract a source/drain pro�le as

well as a poly-gate length by using split Cgd-V (channel

capacitance) characteristics.

Figure 2 shows an example of C-V characteristics for a

large area MOSFET(capacitance). The gate oxide thick-

ness is determined to �t the capacitance value at the max-

imum voltage in the accumulation region. Then we can

obtain good agreement in the inversion region optimizing

the poly-gate doping pro�le without considering a quan-
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Fig. 3. Channel pro�le �tting by a body e�ect in the sub-threshold

regime (solid lines : mesurement, symbols : simulation).
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Fig. 4. Source drain extension doping pro�le �tting using Cgd-V

characteristics (solid lines : mesurement, symbols : simulation).

tum mechanical e�ect which is e�ectively included in the

gate doping and oxide thickness value.

Figure 3 is an example of channel pro�le �tting using

the body e�ect of a 1.0�m(Lg) MOSFET. This good �t-

ting guarantees the accuracy of the channel pro�le for

a reasonable range in depth. In Fig.4 source/drain ex-

tension doping pro�le �tting is demonstrated by Cgd-V

characteristics of a �nger gate MOSFET for di�erent sub-

strate bias conditions.

In the case of deep submicron devices it is well known

that transient enhanced di�usion(TED) causes channel

impurity redistribution and boron pile-up occurs just in

the vicinity of source/drain junction. The TED is thought

to be the main reason for a reverse short channel e�ect. In

order to express it, the channel pro�les should be di�erent

from that of a long channel transistor. By changing the
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Fig. 5. Channel length dependent doping pro�les
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Fig. 6. Extracted result of the 2D-doping pro�le of a 0.19�m

nMOSFET

channel pro�le to �t the body e�ect for each shorter chan-

nel device, we can obtain the channel length dependent

doping pro�les as shown in Fig.5. In our approach chan-

nel doping pro�le is represented by 1-D functions, so we

consider that obtained functions express doping pro�les

averaged along the channels.

Figure 6 shows the �nal two-dimensional doping pro�le

and the device structure for a 0.19�m(Lg) MOSFET.

In order to express linear Id-Vg characteristics for a

deep sub-micron device we must consider a parasitic re-

sistance e�ect which cannot be included in the �nal de-

vice structure. In the case of a salicide device structure

silicide layers are formed on the source/drain contact re-

gions. We include a silicide-to-silicon contact resistance

which is treated as a low mobility region de�ned as shown

in Fig.7. The mobility value is determined to reproduce
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Fig. 7. Treatment of the contact resistance in the device

simulation
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Fig. 8. Id-Vg simulation in the linear regime for contact resistance
extraction (solid lines : mesurement, symbols : simulation)

the Id-Vg characteristics in the linear regime including

the body e�ect (Fig.8)

Final results are guaranteed by looking at the satura-

tion Id-Vd characteristics in Fig.9 and substrate current

characteristics in Fig.10. The Id-Vd simulation is per-

formed by GALENE-III and the substrate currents are

calculated by the full-band Monte Carlo device simulator

FALCON using the inversely modeled device structure[3].

Because of the uncertainty of the high �eld mobility

in the generalized hydrodynamic model implemented in

GALENE-III[4] there is a slight discrepancy of the satu-

ration drain current between the measurement and simu-

lation. However, this discrepancy is not serious.

We can show that our approach is not only able to re-

produce the experimental results but also able to predict

I-V characteristics of di�erently processed devices. Figs.

11 and 12 show the example comparing the predicted and

experimental I-V characteristics for saturation drain cur-

rent and substrate current when the implant dose of the

source/drain extension is decreased to one-tenth. The

predicted device structure in which peak values N1, N2

in Gaussian functions (5,6) are decresed to one-tenth re-

produces the terminal current voltage curves so well that

we can investigate what kind of device process should be

chosen to satisfy required device speci�cation using one

well performed inverse modeling result.

IV. Conclusion

We have shown a simple inverse modeling approach us-

ing Gaussian/error functions to express two-dimensional

doping pro�les without complicated 2-D spline functions

suggested by others. We also included poly-gate doping to

express e�ective gate oxide thickness without using quan-

tum mechanical calculation to solve self-consistent Pois-

son and Schr�odinger equations. Not only drain current

but also substrate current results have guaranteed the

accuracy of �nally extracted sub-quarter micron device

structures including their doping pro�les. Our approach

can also predict device performance to optimize its struc-

ture for required speci�cation.
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Fig. 9. Id-Vd simulation for the extracted 0.19�m nMOSFET

structure (solid lines : mesurement, symbols : simulation)
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Fig. 10. Substrate current simulation for the 0.19�m nMOSFET

structure by the full-band MC simulator FALCON (solid lines :

mesurement, symbols : simulation)
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Fig. 11. Id-Vd simulation for the device with the scaled S/D

extension pro�le by a factor of 0.1 (solid lines : mesurement,

symbols : simulation)
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Fig. 12. Substrate current simulation for the device with the

scaled S/D extension pro�le by a factor of 0.1 (solid lines :

mesurement,symbols : simulation)
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