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[l Conditioning in Self-Heating FET Models

S. A. Maas Fellow, IEEE

Abstract—This paper shows that the introduction of self heating The parameters of the MET model are determined at a tem-

effects into a FET model can cause severe ill conditioning in non- peraturel’ .., and most parameters depend linearlylyn—
linear circuit simulators. Depending on the parameter values ofthe T | particular, the threshold voltadé- is
model, the solutions can be indistinct, multiple, or even nonexis- ~ "™ '
tent. The result is poor convergence in nonlinear simulations using Vr = Vro(1 4+ o(Ty — Tyom)) )
such models.

whereVry is the threshold voltage &f; = 1;,0, anda is the

I. INTRODUCTION temperature coefficient. (Similar linear corrections are used in

. other models, as well.) Usuall§l,,o.,,, ~ T so for simplicity
LTHOUGH there has been considerable work on therm@le can assume that

stability in solid-state devices [1]-[10], there has been
considerably less that examines the interaction between Vi = Vro(1+ a-AT). 4)
self-heating models and nonlinear circuit simulation. In

selfhoating effess, the author ocoasionally noticed poer carcsod-voltage expression n a Simpl, quadratc FET model,
vergence in modelé that were generally robust. Among the © purpose of this examplells to |I.Il_Jstr.ate, n an mtqﬂyvely

i & mprehensible manner, how ill conditioning can occur; itis not
was the Motorola Electrothermal Model (MET) [10], [11]'int_ended to represent a valid thermal model of modern MOS-

The nonconvergence was clearly related to the self-heati Ts. We consider only dc bias, and we assume that the drain
removing the self-heating effect, either by making the thermajrrentld is given by the expreséion

resistance zero or by setting the temperature coefficients to
zero, resulted in robust and rapid convergence. The sign of I, = 5 (V. — Vr)? = B(Ves — Vol + - AT))?  (5)
the temperature coefficient for the threshold voltage had arh . .
especially strong influence on this effect. wheres is aconstant antl, is the gate-to-source voltage. From
In closer investigation, we discovered that it is rather ea§§7)' ATls

to create a situation where the MET model, or any other FET AT = VialsRin (6)
model, is ill-conditioned. In this case, a solution of the device '
equations may be poorly defined, and there also may be multiple in inverse form,
solutions. Under some circumstances, no solutions are possible.
If the model’s thermal corrections are valid over a wide temper- I, = AT

d
ature range, such a situation implies that the device is thermally VaaBm
unstable; often, it is prone to thermal runaway. This situatiQhereV,, is the drain-to-source voltage.

exists for all methods of simulation. Equations (5) and (7) can be viewed as functionad@fthat
must be solved simultaneously. A solution can be determined by
Il. THEORY graphing the two equations and finding the point of intersection

Self heating in solid state devices is traditionally modeled if the two curves. Such a plot is shown in Fig. 1. Itis clear that,
generating a current that is numerically equal to the power in thethe case presented, the pair of equations has two solutions,
device, and applying that current to a parallel RC circuit. THNd, because the slopes of the curves are approximately equal,
resistance of the RC circuit models the thermal conductivi glther is distinct. It represents a classical, ill-conditioned case.
and the capacitance, the thermal mass. The voltage across fiighermore, i, were increased slightly, the slope of the
combination is the temperature increase in the device; thus, §ffve would decrease, and no solution would exist. This case

We now illustrate the problem of ill conditioning by using this

()

dc bias, the temperature increas#' is corresponds to thermal runaway.
On the other hand, ifx were negative, the slope of thig
AT = PyRy, (1) (5) curve would be negative at the intersection, and a distinct

whereP, is the power dissipation, anfd,., is the thermal resis- solution would exist. Depending on the other parameter values,

tance in degrees Celsius per watt. The device temperaiis asecond, spurious solution might ex!st; however, it would oceur
at a very high temperature, and the simulator usually would find
Ty=AT +Ts (2) the correct one.
whereTs is the mounting surface, or baseplate, temperature, Itis a common practice to limit the maximum val'uezmT
In some numerically acceptable manner. This practice prevents
transient high temperature values, which might occur during
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Fig. 1. Plots off; from (5) (o) and (7)(x) for the casex = 0.1, Ry;, = 5.0,

8 =0.1,Vye = —1.0,andV4q = 3.0. Two solutions exist, neither of which

is distint. Fig. 2. Plots ofI4(T) (o) and (5)(x) for the MET model. The model

parameters are the defaults defined in [11], but all temperature coefficients
exceptVrg = —0.02 are set to zeroR, = 25.0, Vau = 10.0 V,
This expedient would create yet a third solution of the systev. = 4.0 V.
of equations, and, thus, might do more harm than good.
In summary, numerical ill conditioning can occur when thgg1

derivatives of (5) and (7) are approximately equal over a bro ch simulations using such models. This effect has been
pp tely eq o 3€monstrated in the MET model, but other models that include
range ( tens of degrees) ofA7". A sufficient condition for

nonexistence of a solution is that the derivative of (7) be Ie%grI f::f;ggtgi';:)g;'gtggﬁjggﬁr}g?ﬁz;o;‘ep‘ dneerilzsti/aeng?czg;j 'Sgn
than that of (5) over the entire temperature range.

We have found that, in many devices, the negative shift ﬁ1qual to or less than that of (5) over a broad temperature range.

threshold voltage with increased temperature is a dominant
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conditioning; however, in more realistic cases, such as the

MET example below, it tends to reduce the problem. In most
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coefficient of Vz is nonzero. [6] V. Rizzoli, A. Costanzo, C. Cecchetti, and A. Chiarini, “A nonlinear
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convergence wag;, = 25 C/W; occasionally, convergence (7] v. Rizzoli, F. Mastri, A. Neri, and A. Lipparini, “Analysis of elec-
was achieved at higher values Bf;, but in such cases it was trothermal transients and digital signal processing in electrically and
clearly because of numerical limiting of the temperature excur- ~ thérmally nonlinear microwave circuits,” iMTT-S Int. Microwave
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sions, causing the flat portion of the curve. The model exhibited(g] c. M. snowden, “Large-signal microwave characterization of Al-

REFERENCES

multiple solutions in this region. Itis clear that no practical solu- GaAs/GaAs HBT's based on a physics-based electrothermal model,”
; i i ; ; IEEE Trans. Microwave Theory Teglvol. 45, p. 58, Jan. 1997.
tion exists (i.e., no solution at a practical temperature) at valueﬁgl P, C. Grossman, "Large signal modeling of HBT's including self-heating
of Ry, > 20. and transit-time effectsJEEE Trans. Microwave Theory Teclhol. 40,
p. 449, Mar. 1992.
IV. CONCLUSION [10] W. R. Curticeet al, “A new dynamic electro-thermal nonlinear model

for silicon RF LDMOS FET’s,” inlEEE MTT-S Int. Microwave Symp.

Self heating effects in FET models can cause severe iI[I Dig., 1999. .
o .. . s . 11] Motorola’s Electro Thermal (MET) LDMOS Model. [Online].
conditioning, resulting in solutions that are indistinct, multiple, Available: _http://e-www.motorola.com/collateral/LDMOSMODELS-

or nonexistent. The result is poor convergence in harmonic-bal-  RF.html



	MTT024
	Return to Contents


