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Abstract

This report describes an improved MESFET model developed at
TriQuint Semiconductor, Inc. The model, designated TOM-2 is an in-
cremental improvement based on TriQuint’s original TOM! model[4].

This document 1s intended as an aid to workers who wish to imple-
ment TOM-2 in a specific simulator. It provides a complete mathemat-
ical description of the model. It is not intended as end user documen-

tatlon.

' T1riQuint’s Own Model
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Figure 1: TOM-2 Model.
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1 Introduction

TOM-2 is an improved model for GaAs MESFETs. It is based on the orig-
inal Triquint model (aka. TOM, herein referred to as TOM-1) with refine-
ments to improve accuracy in the knee and subthreshold region. Particular
attention was given to the temperature effects.

The model has been implemented using Pspice version 6.1 but should be
readily portable to other analog simulators.

This model does not claim to be the final word in MESFET models—it is
simply a next order effort to improve the overall accuracy of the model based
on several years of experience with TOM-1. TOM-2 retains the desirable
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features of TOM-1 while improving performance in the subthreshold (V)
near cut-off, and knee regions (Vy, of 1 volt or less). Additional temperature
coefficients are included related to the drain current, and major deficiencies
in the behavior of the capacitance as a function of temperature are corrected.

2 Equivalent Circuit

Figure 1 shows the basic model used in TOM-2. The model details specify
how the current sources and the variable capacitors depend on bias condi-
tions and on temperature.

The equations given in the rest of this document reference the voltages
across the “intrinsic” portion of the FET as outlined in the figure. These
intrinsic voltages are denoted as Vs and Vs for the gate-to-source and
drain-to-source respectively.

Note that the model does not provide a mechanism for modeling the
low frequency drain conductance dispersion that is well known in GaAs
MESFETs. We model this effect with an external subcircuit with feedback
coupled through a low pass RC network (not described in this document).

3 Basic Equations

3.1 Current source equations

The following expression is used to compute Iz, for the current source in
figure 1.

Idso
ljg= ——— 1
4 1+ 6VdsIdso ( )
Where:
Idso = wﬁ‘/gQ : Fd(avds) (2)
z
Fy(r) = ——= (3)

V14 22

and V, is given by:

V. = GVin [exp (vg,s - vmwvds) . 1]

QVst

where Vi, and 7 are constants. w is the device width.
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In general, we expect Vi to be near the thermal voltage £T'/q, or about
0.026 mV at 25C. This leads us to present the Vs by an ideality factor, Ny

thus:
kT
Va =Ny (7) (5)

In addition, it is observed that the subthreshold slope varies slightly with
Vis, so we put in a linear dependence to account for this:

Nst:Ng+NdVds (6)

Notice that Ns = 0 corresponds to no subthreshold—that is, the current
cuts off sharply at threshold. This behavior is similar to a diode where
setting the ideality factor equal to zero results in a piecewise linear behavior.

The gate current, I, is the sum of the current flowing in the gate-drain
diode, I, and the gate-source diode, I,,. These currents are given by the
classical diode formula:

Iy, = Igs+ Iy (7)
Iy = wl(e?Vos/™T _ 1) (8)
Igd — wls(eq(VgS—Vds)/nkT _ 1) (9)

Notice also that the total drain current, I; includes a component flowing
from the gate:

Iy =145 — 1gq (10)

Usually, the above equations will be are incorporated into a subroutine
that must deliver the currents I; and I, back to the simulation engine.
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3.2 Capacitance Equations

The Capacitance equations are based on those proposed by Statz, et. al.[8].

Cgso 1 ‘/eff_‘/to
Cgs - Vn§ 2 2
-3 \/(Veff—Vto) +V;
x% 1+ Vs — Vg
Voo = Voa? + (2)
FCpug - (1)
V0o =V + (1)
Cso 1 ‘/e _Vo
ng — %5{1_% ff t 2}
1-w Vs = V) + 1
x% 1— Vs — Vg
2
0o = Vo + (2)
1 Vs —V,
+ Chioz {1+ e (12)
0o = Va2 + (1)
where:
1 o (1Y
Verr = 5Wos + Voa [ (Ves = Vo) +{ — ) )
1
Vn = 5(‘/eff + ‘/to + \/(‘/eff - ‘/250)2 + ‘/52)

Notice that these equations do not satisfy “charge conservation” with
regard to the drain-source charge—over a bias cycle, the device can “pump”
charge from the drain to the source. It can be argued that this is not a
problem[1, 7]. However, it means that these equations may be difficult to
implement in simulators whose capacitance is always the derivative of an
internal state variable (charge). Caveat emptor. ..
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4 Temperature Effects

An important aspect of modeling the MESFET is a correct description of
the behavior as a function of temperature. Notice that V,,,, uses the tem-
perature for V3; to provide tracking.

I(T) = ILexp((T/Tnom — V)qE,/nkT)(T[Tpom)¥5/™  (13)
Vio(T) Vie + Vio(T — Trom) (14)
Vii(T) Vii + Vi T = Thom) (15)

Vinaw(T) Vinaz + V(T = Trom) (16)

a(T) a - 1.01% (7= Tnom) (17)

BT) = 1,017 nem) (18)

2(T) 7+ (T = Toom) (19)
Ry(T) Ry(1+ RY(T = Trom)) (20)
Ry(T) Rs(1 4+ R(T — Thom)) (21)
Ry(T) Ri(1+ RY(T = Trom)) (22)
Cos(T) = Cos(1+ Co(T = Thom)) (23)
Coa(T) = Coa(l+ CLy(T = Toom)) (24)
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Parameter | Symbol | Description Units Default | Scaling
LEVEL — model index (-1 for TOM-2)

VTO Vi Threshold voltage volt -2.5 —
ALPHA e Knee-voltage parameter volt~1 2.0 —
BETA 8 Tranconductance parameter amp /volt~@ 0.1 —
GAMMA 04 Threshold shifting parameter volt—1 0 —
DELTA ] Output feedback parameter volt 0.2 1/w
Q Q Power-law parameter — 2 —
NG Ny Subthreshold slope gate parameter — 0 —
D Ny Subthreshold slope drain pull parameter volt™1 0 —
TAU T Conduction current delay time sec 0 —
RG R, Gate ohmic resistance ohm 0 —
RD Rq Drain ohmic resistance ohm 0 1/w
RS R Source ohmic resistance ohm 0 1/w
IS I Gate diode saturation current amp 1x 10714 —
N n Gate diode 1deality factor — 1 —
VBI Vii Gate diode built-in potential volt 1.0 —
VDELTA Vs Capacitance transition voltage volt 0.2 —
VMAX Vinas Gate diode capacitance limiting voltage volt 0.95 —
CGD Cya Gate-to-drain “zero-bias” capacitance farad 0 w
CGS Cys Gate-to-source “zero-bias” capacitance farad 0 w
CDS Cls Drain-to-source capacitance farad 0 w
EG E, Barrier height volt 1.11 —
XTI Xy I; temperature exponent — 0 —
VTOTC VY, Vio temperature coefficient(linear) volt/°C 0 —
VBITC Vi; Vi temperature coefficient(linear) volt/°C' 0 —
ALPHATCE o « temperature coefficient(exponential) %/°C 0 —
BETATCE Ic4 3 temperature coefficient(exponential) %/°C 0 —
GAMMATC ¥ Linear temperature coefficient for - ot 0 —
TRG1 R;] Linear temperature coefficient for R, ot 0 —
TRD1 " Linear temperature coefficient for R, ot 0 —
TRS1 R, Linear temperature coefficient for R, ot 0 —
CGDTCE ;do Linear temperature coefficient for Cyq ot 0 —
CGSTCE C’;so Linear temperature coefficient for C'y;, °oC—t 0 —
KF Ky Flicker noise coefficient 0 —
AF Aj Flicker noise exponent 1 —
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A Expressions for the Conductances

SPICE and many SPICE-like simulators, including Pspice require analytical
expressions for the conductances to be supplied. These expressions are used
to compute small-signal parameters and in the Newton-Raphson integration
routines. Expressions for the conductances are presented in this section.
These expressions are derived directly from the expressions in section 3.1.
In addition to expressions for the current sources, Pspice requires expres-
sions for the conductances. To facilitate the computation, it is convenient to
define a current reduction factor, p. p is defined with reference to equation 1

as follows: )
= =1 — 6V dys 25
P 1 + 6VdsIdso dod ( )

adn express ¢, and g4, thus:

01y, 9
m f— _— = mo 26
g av,, = ImoP (26)
01y, 9 9
s = = so — 6[ s 27
94 oy, = JdsoP d (27)

Differentiating equation 2 with respect to V, and Vg, we obtain:

g - 8Idso _ Idso Q (28)
O OV Vy [exp — (*Vgs_gt‘?jt—wvds) + 1]
and
8Idso
s0 29
9d Wi (29)
_ _ ‘/QS - ‘/to + 7Vds + QNdIdso + aﬁ‘/gQ
Ym \ 7 Ng + NgViys Ng + NaVis (1 + (an5)2)3/2

And finally, for the gate diode:

Olys Us  gVopnkT
s = = s/ 30
gg 8%5 nkTe ( )
_ 01y _ s e1(Vgs=Vas) [nkT (31)

Jod = v, T nkT
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B Subthreshold current

The essentials of the subthreshold model are described by Godfrey[3] where
the formulas are used to describe CMOS subthreshold behavior. Godfrey
dubs the model the EVO for workers that described this model in confer-
ences, thesis and publications going back to 1983. He attributes the formula
to originally Oguey[5], and traces the development by Vittoz[9], and Enz[2].

Parker and Skellern[6] used this formulation to describe subthreshold
behavior in GaAs MESFETSs, noting that unlike most other formulations it
“provides a smooth and continuously differentiable transition between the
high-current and subthreshold regions.”

This equation seems to be a purely mathematical device to get a smooth
transition to the subthreshold region — it doesn’t have a simple physical
interpretation. The behavior is thus:

(‘/gs - ‘/to + ’)/Vds)Qv if ‘/gs > ‘/to - 7Vds;
VQ(w) ~ Vys—Viet+~V, . (32)
(QVr)@ exp (Le=teta¥ee ) i v < Vi — 4V,

One thing to notice is the interpretation of “subthreshold slope”. Usually,
this is given in milli-volts per decade, and is related to Ny as follows if the
measurement is performed at room temperature:

mV/decade ~mV/decade
ET/q = 60mV

The last part of this equation assumes that the slope is measured at room
temperature. For QED devices, this works out to Ng =~ 1.6.

Ny ~ Ny ~1n 10 x (33)



TOM-2:An Improved Model for GaAs MESFFETs TriQuint Proprietary: 11

References

[1]

[2]

Dileep Divekar. Comments on “gaas fet devices and circuit simulation
in SPICE”. IEEFE Trans. on Elect. Devices, ED-34(12):2564, December
1987.

C. C. Enz. Thesis 802: High Precision CMOS Micropower Amplifiers.
PhD thesis, Ecole Polytechnique Federale de Lausanne, Aug 1989.

Michael D. Godfrey. CMOS device modeling for subthreshold ciruits.
IEFFE Transactions on Circuits and Systems—II: Analog and Digital Sig-
nal Processing, 39(8):532-539, Aug 1992.

Angus J. McCamant, Gary D. McCormack, and David H. Smith. An
improved GaAs MESFET model for SPICE. IEFFE Tran. Microwave
Theory and Tech., 38(6):822-824, June 1990.

H.J. Oguey and S. Cserveny. MOS modeling at low current density. June
1983. Presented at the Summer course on Process and Device and device
Modeling, ESAT Leuven-Heverlee, Belgium.

Anthony E. Parker and David J. Skellern. Improved MESFET charac-
teristication for analog circuit design and analysis. In IFEE GaAs IC
Symposium Technical Digest, pages 225228, 19.

I. W. Smith, H. Statz, H. A. Haus, and R. A. Pucel. On charge noncon-
servation in fet’s. IEEE Trans. on Elect. Devices, ED-34(12):2565-2568,
1987.

H. Statz, P. Newman, [. W. Smith, R. A. Pucel, and H. A. Haus. GaAs
FET device and circuit simulation in SPICE. IEEE Trans. on FElect.
Devices, ED-34:160-169, 1987.

E. A. Vittoz. Micropower techniques. In Y. Tsividis and P. Antognetti,
editors, Design of MOS VLSI Circuits for Telecommunications, pages
104-144. Prentice-Hall, 1985.



