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Abstract
Recent developments towards lower voltages [1, 2, 3, 4] pose in¬
creasingly stringent demands on compact device model accuracy.
We present a new approach to dynamic MOSFET modeling which
is especially suited for the simulation of low-voltage mixed analog
digital circuits. The model is based on terminal charges and conduc¬
tive currents which are determined from transient current/voltage
data. These data sets can be easily obtained through measurement
or simulation of the devices. Using a physically motivated interpo¬
lation method the model supplies the accurate current/charge data
and their derivatives for given terminal voltages.

1. Model Function and Simulation Environment

The model function is based on the interpolation of the terminal currents
and charges of the device. The interpolation also supplies the derivatives,
i.e., the conductance and capacitance matrices of the device. These data are

directly interfaced to a new circuit simulator, MINISIM [5], which uses charge
conservative capacitance modeling. The interpolation is based on piecewise
polynomial and/or exponential splines to account for the physical nature of
the quantities, especially the exponential dependence of the currents. This
approach precludes common problems like discrepancies between the AC-
model conductance parameters and the derivatives of the DC-model currents.

2. Data Acquisition
The input data to the model can be obtained either by measurements or by
process and device simulations. In this work we used VISTA with MÍNIMOS
[6] to obtain the device data by simulation. All conductive currents can be
obtained directly from DC measurements. The charge data are computed



496 G. Schrom et al A Charge Based MOSFET Modelfor Low- ...

Vd

tr tf=tr t

-i.cond

H-\-\-h

Figure 1: Quasi static black-box model of a

two-pole
Figure 2: Transient MOSFET simu¬
lations / measurements

from transient simulations as shown in Fig. 1 for the case of a two-pole: the
device is modeled as a quasi static black box which is equivalent to a nonlinear
conductance parallel to a nonlinear capacitance C(v) = dq/dv. Applying a

symmetrical trapezoidal voltage v(t) to the device will result in a current i(t)
which can be separated into a conductive and a capacitive component,

icond(v) = \[i(tl(v)) + l(tl(v))] ,

Lcap(v) = Wi(v)) i(il(«))] ,

(1)

which is related to the charge by icap(v) = dq/dt = (dq/dv) . (dv/dt). Thus,
the charge can be determined as

v0

q(v) = <7o + /icaP(u)du. (2)
The charge offset q$ can be determined from q(0) = 0. In the case of the
MOSFET we have a three-pole (assuming the source always grounded), one of
the other terminals is ramped, and the currents at all terminals (including the
ramped) are measured and subsequently converted to ¿/ç-data. To obtain a

complete field of charge data, including the charge offset, a series of transient
measurements/simulations is required as shown in Fig. 2. The simulations in
'^-direction ' yield the main data set which is used for i/q extraction. The
simulations in '^-direction ' and 'V^-direction' are required for the charge
offset computation. The steepness of the ramp determines the accuracy of
the charge data and the influence of non-stationary effects accordingly. Both
can be verified with single transient measurements, using the z/g-extraction
software. Fig. 3 shows a comparison with gate capacitance data obtained
from gate charge simulations using MÍNIMOS.
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3. Applications
Example applications are shown in Figs. 4-7. Fig. 5 shows the simulated
switching transients of an RS flip-flop shown in Fig. 4 built in a 0.5V ultra-
low-power technology [4]. The same technology can be used to build OPAMPs,
operating at even lower supply voltages: Fig. 7 shows the simulated large-
signal step response of the two-stage OPAMP shown in Fig. 6, operating as

a unity-gain follower at Vpo = 0.4V with two different loads. The OPAMP
is biased for medium speed, consuming a total of 1.44//W.

4. Conclusions

Our new low-voltage MOSFET modeling approach, together with the sup¬
porting software, enables the accurate simulation of modern low-voltage
mixed analog digital circuits directly from measured or simulated device data
without parameter fitting.
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Figure 3: Gate capacitance of an ULP n-channel MOSFET (V¡,s = OV).-: computed
through accurate gate charge integration using MINIMOS's 'GCHC option. -: transient
method (tT = 3ns).

Figure 4: ULP RS flip-flop
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Figure 5: RS flip-flop switching transients
(VDD = 0.5V)
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Figure 6: ULP OPAMP
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Figure 7: OPAMP large-signal step response
at VDD = 0.4V with (a) CL = OpF and (b)
CL = 0.5pF


