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A New Method for Active Device Load Equivalent
Circuit Extraction for MMICs

Franco Giannini, Giorgio Leuzzi, and Antonio Serino

Abstract—Active device loads for monolithic microwave inte-
grated circuits (MMICs) have been extensively studied and a new
procedure for the extraction of their equivalent circuit has been
developed. The procedure requires the availability of a coplanar
three-terminal device for accurate model extraction. The new pro-
cedure is accurate, general, and easy to apply. Its validity has been
demonstrated by extracting a scalable bias-dependent small-signal
equivalent circuit of PHEMT-based active device loads up to 40
GHz. A good agreement between measured and modeled data has
been obtained, confirming the validity and the accuracy of the pro-
posed method.

Index Terms—Circuit simulation, circuit synthesis, HEMT, load,
MMIC, modeling.

I. INTRODUCTION

N the last several years, active devices have been increas-

ingly used as a replacement for passive elements in the de-
sign of monolithic microwave integrated circuits (MMICs), with
the advantage of smaller dimensions and better reproducibility.
Active device loads, i.e., transistors with gate and source termi-
nals connected together [Fig. 1(a)], belong to this category. An
accurate computer-aided design of integrated circuits including
active device loads requires the availability of their equivalent-
circuit model. Usually, the same device used for the active de-
vice load is available as a three-terminal device, with the source
connected to ground through a via hole [Fig. 1(b)]. A straight-
forward modification of its equivalent circuit [Fig. 2(a)], by
simple removal of the source inductance and connection of the
source to the gate [Fig. 2(b)], does not give a satisfactory model
for the active device load. In fact, on the one hand, the intrinsic
elements corresponding to the active region of the device (Fig. 2,
within dashed line), are not affected by the active load connec-
tion. On the other hand, however, the removal of the via hole
and of the air-bridge, and the metal connection from source to
gate modify the electro-magnetic field distribution, changing
the values of the parasitic elements of the active device load’s
equivalent circuit with respect to those of the three-terminal de- ©
vice. In this work, we describe an effective procedure for the
modeling of the active device load. It includes a simpler equi¥ig. 1. Layout of (a) the active device load, (b) of the three terminal FET, and
alent circuit model and a simpler extraction procedure with ré®) f the coplanar three-terminal FET
spect to other proposed methods for the active device load mod- ) ) ,
eling [4]. The procedure requires the availability of a coplandfinSic elements whereas a simple method is described for the
three-terminal device for the correct determination of the iﬁ_valuatlon of the active device load parasitics.

II. ACTIVE LOAD MODELING PROCEDURE
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whereY,; is the admittance of the inner active device load

® [Fig. 2(b)]. The parasitic capacitances are evaluated from the
low-frequency slope of th& -parameters imaginary parts vs
Fig._2. (a) _Thr_ee-terminal device equivalent circuit. (b) Active device Ioaﬂequency
equwalent circuit.
o ImY1; +1Im Yy, 4
been measured from 0.5 to 40.5 GHz at several bias points, in bg w “)
our case, in the rangg,; = 0 =4 V for the active device loads Cy= Im Y59 4 Im Y12. )
andVy; =04 +—-14V, Vy, =04V for the three-terminal P w
devices, with a few additional “cold-FET" bias pointg, = The low-frequency imaginary part of the measut&garame-

0V, Vys > Vi), for accurate parasi'tics evaluation [1']—[3]. ters in the ohmic regionvys = Vyq < Vinee = 1 V) gives the

_ The coplanar three-terminal devices are more suitable for scessary information for the parasitic inductances evaluation.
tive device load modeling, because of the closer resemblangeinat pias condition, the current through the output channel

of their layout to that of the active device loads with respect {Q)nqyctance shunts the intrinsic capacitances, and the following

via-hole grounded three-terminal devices [Fig. 1(b)]. The scalsyressions for thg-parameters can be used to model the low-
able bias-dependent small-signal equivalent circuit model of tﬁ%quency behavior of the active device

coplanar three-terminal devices has been extracted using the

standard equivalent-circuit model of Fig. 2(a) and a well-estab. Oﬁd .

lished standard extraction procedure [3]. The extracted values'of' =~ . (¢, , + C,y)? + jw - (Cpg + Cpa) tijw-Ly (6)
the intrinsic elements are used also for the active device load at CpgCra 1

the same bias points, i.e., fof; = 0V, Vus = Vu,. The values 212 =221 = — =~ ot Cor? + 0 (Cou T Co) (7)
of the coplanar three-terminal devices’ parasitic resistances are o2 re pd ) r pd

also used for the active device load equivalent circuit. All reacy,, ~ rg +jw-Lg (8)

+ -
tive parasitics, on the other hand, must be reevaluated, since the G (Cpg +Cpa)?  jw (Cpg + Cpa)

removal of the source via hole changes the field lines diStrin/hereG is the low-frequency conductance of the inner active
tion between the pads and between pads and ground. For rRSiice load(G = lim,_o ReY,,(w)]). Since the poles in

tive parasitics evaluation, thé andZ parameters of the ac'uveW — 0 cancel, the parasitic inductances are evaluated from the

device load measured at two bias points are used. The para?g\ﬁ-frequency slope of the imaginary part of tHeparameters
capacitances are evaluated from the low-frequency imagin@ré/rsus frequency as

parts of the measured-parameters at saturated drain current

bias point {4 = Vya > Vimee = 1 V) where the output con- _Im Zyy —1Im Zyp

ductance is lowest. For this bias condition the effects of the par- Lq = w ©)
asitic inductances can be neglected in the low-frequency range, L, — Im Zz —1Im Zy (10)
and the active device load can be modeled byeguivalent cir- ¢ w ’

cuit with the following expressions: The equivalent-circuit model of the active device load is now

Vi 2V 4 il 1) complete and availablg. Table I_s_hows the comparison between

' al T @ pg the values of the reactive parasitic elements of the PHEMT ac-
Yiz =Y21 = —Yor () tive device loads and those of the PHEMT coplanar three-ter-
Yoo 2Yo1 4+ jwChpa (3) minal devices. A scalable bias-dependent small-signal equiva-
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Fig. 3. (a) Measured and modeled real partof and (b) imaginary part of
Y>; for 100 #m gate periphery active device loadat, = 3.4 V, a 200um
gate periphery active device load ¥, = 1.6 V, a 300pxm gate periphery
active device load &, = 2.6 V, and a 40Qum gate periphery active device
load atVy,qy = 1.2 V.
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lent circuit for the PHEMT active device loads is therefore ob-
tained combining those parasitics with the intrinsic elements of
the scalable bias-dependent small-signal equivalent circuit of
the coplanar three-terminal devices. The good agreement be-
tween the measured and modelgeparameters of the active
device loads at several bias points for different gate peripheries
(Fig. 3) proves the accuracy of the model, and the validity and
robustness of the extraction method.

I1l. CONCLUSION

A new method for the extraction of the equivalent circuit of an
active device load has been developed. It is based on the avail-
ability of a coplanar three-terminal device, for the intrinsic and
resistive parasitic elements evaluation, and on a simple extrac-
tion procedure for the evaluation of reactive parasitic elements.
The method has been applied to the extraction of a scalable
bias-dependent small-signal equivalent circuit of .25 gate
PHEMT active device loads, with gate peripheries from 100 to
400 zzm, up to 40 GHz. The comparison of the measured and
modeledY -parameter of the active device loads proves the fea-
sibility of the new procedure and the accuracy of the extracted
model.
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