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1 Abstract

HiSIM, the circuit simulation model, development con-
cept. and status are summarized. Concerning our 21th
COE project, the future development plan will be dis-
cussed, aiming at connecting technology to cireuit for
concurrent development.

2 Introduction
Requirements for circuit simulation are increasing due

to two onzoing developments, namely, the downscaling
of MOSFETSs into the sub-100nm regime and system in-
tegration with many different functions on a single chip.
To assist in the developments, models for circuit simula-
tion should be pragmatie, but should be accurate at the
same time. HiSIM (Hiroshima-university STARC IGFET
Madel), aiming to fulfill both requirements, is hased on an
iterative surface-potential determination directly related
to technology applied (1,2).

3 Basic Concept of HiSIM
The basic equations for describing device character-

isites are:
e The Poisson equation

o The current-density equation

o The continuity equation

These equations are simultanecusly solved numerieally in
two-dimensional device simulators. On the other hand,
these equetions are solved analytically using transistor
models for circuit simulatior, yielding simplified descrip-
tion descriptions for device performances. The difference
in comparison to 2D device simulators is that two ad-
ditional approximations are applied. One is the charge-
sheet. approvimation assuming zern thickness of the in-
version charge, and the other is the gradual-channel ap-
proximation assuming smooth potential increase along
the channel. These approximations allow to derive an
analytical formulation for all device performances as a
function of the surface potentials at source side and drain
side. The surface potentialz are nhtained hy solving the
Poisson equation iteratively. In spite of the iteration the
calculation time is not longer than with BSIM3v3, fre-
quently applied. The charge-sheet approximation is not
severe, since the inversion-layer thickness is at most a few
nanometers.

A bhetter cirenit model has less maodel parameters,
without compromising aceuracy. The model parameters
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should be connected to device parameters and should be
measurable independently. To realize this concept, we
have developed the model HiSIM based on the same ideas
as 2D device simulators (3) under the collaboration with
STARC. Namely, to treat the potential distribution in
the device as the core of the model and not the applied
voltages as conventional models. Thus, HiSIM is the first
MOSFET model for circuit simulation based on the com-
plete surface-potential description, and the source code
and the manual have been released for the public since
the end of 2001. The total number of mode] parameters is
72 for performing circuit simulations. Typical features of
simulation results with HiSIM are demonstrated in Figs.
1-5.

3.1 HiSIM Generations

The HiSIM development plan is summarized in Table 1.
Modeled phenomena chserved for 100nm-MOSFET tech-
nologies included in HiSIM1 are summerized in Table 2.
The development of HISIM1 will be completed by the end
of Lhis Mavel with the version HiSIM1.2, and ITISTM2 will
be released as a 3-version also this spring, HiSIM2 focuses
on RF applications dealing with carrier response under
high-speed operation. Table 3 summarizes the phenom-
ena included in addition to HiSIM1. Figs. 4,5 demon-
strate the features. In parallel, we have been develop-
ing HiSIM-501 (Silicon-On-Insulator) for SOI-MOSFET
based on the same concept as the original HiSIM. Till
now the F-version of HiSIM-S0I has been proven to al-
low good reproduction of DO measurements and stable
ring-oscillator simulations.
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Fig. 1: Calculated of all independent intrinsic capacitances as

a function of the gate voltage V..

3.2 Towards 3D Integration
Our COF project. briefly consists of two aspects: (1)

Intezration of electronic and optical devices, (2) Three-
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Fig. 2: Comparison of calculated 1/f noise at 100Hz with
measuremeants,

dimensional integration of SOl-devices. Our role for the

project is to connect technology development and its uti-
lization for final applications, realizing concurrent rapid

technology and circuit developments. Following are sub-
jects aimed to fulfill the role:

o Modeling of optical response
o Inter-device coupling effect

o Inter-chip coupling effect

Table 1: HiSIM generations end their features.

Generations || Features
HiSIM] 1000m-MOSFET generation
HiSIM2 RF generation

HiSIM-801 | SOI-MOSFET

HiSIM-MW | Optical Response

Table 2: Device characteristics modeled in HISIMI.

Fih (L, W) Iy

Gate-Paly Depletion Foe

Quantum Mechanical Effect  fgmo

Channel-Length Modulation 1T Noise

Temperature Dependences  Capacitances

fas Sonrce/Drain Symmetry
Diode

4 Conclusion
The circuit simulation model HiSIM has been devel-
oped on the basis of the same concepts as 2D device
simulators. Thus it can provide precise connections
between technology features and circuit performance.
We extend the model further to realize the 3D integration
sysbem.

References

{1) HiSIM User's Manual, STARC, 2002,
{2) M. Miura-Mattausch et al, Tech. Digest IEDM, 109,
2002,

(%) MEDICI Uzser Manual, Synopeys, 2002,

Table 3: Device characteristics modeled in HiSIM2,

Thermal Moise
Mon-quasi-static Effect
Harmonic Distortion
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Fig. 3: Comparison of caleurated output registances with mea-
surement.

<

L5

E]

E

(]

]

E « memsuremed

S0 __gimulation ]

1] 0.2 04 05 O0F i )
Vs (V)

Fig. 4: Comparison of caleulated harmonic amplitudes with
measurements. Model parameter values used for the calcula-
tion are fitted only to measursd drain current.
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Fig. 5 Comparison of calcurated y-parameters with measure-
ment.
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