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ABSTRACT desigr)s bgsed on t.hese models can be bad_ly affected,
especially in applications such as mixers and switches.

_The accuracy of.non—llnear FET model; around the onagiN, this paper we investigate possible causes for such errors
in the Vs - Vys bias plane, may be seriously affected by

.in the parameter extraction process, their impact on the

xtracted multi-bias intrinsic elements and the non-linear

tphar?smc reﬁlstanclef_. IT this pl)laper we fptrﬁlselr:.t gest rr](.eshuq'ﬁodels built upon those values and solutions to prevent
at prove how relatively small errors of this Kind, WhiCh w1 - o the basis of several tests carried out on both

can be easily encountered when using conventiona ESFET and PHEMT devices (of various sizes), we
extraction techniques, can lead to large errors in the Value@stablish that even small mutual errors in the values

;axtrtact(tad for fome mtl?nsm pa_ltﬁmeters, an;jtr:n part'Cu""‘rextracted for the source and drain parasitic resistances, can
or the two gate capacitances. 1he source of (nese errors |5, ,qo quite significant asymmetries in the extracted values

investigated and, as a solution, an improved extractioq(Or the gate capacitances V4%, = 0 (and to a greater or
methodology is offered, which substantially reduces theIesser extent, for the other intrinsic elements of the

risk of such errors. equivalent circuit model as well). Moreover, these
extracted capacitance values are affected not only at
Vgs = 0, but also in the linear operation region of the

Parameter extraction of equivalent circuit non-linear 4€VICeS Vus < Vissa)- Als, the asymmetry increases in
models for microwave EETs. has been an area We”magnltude starting from the pinch-off, towards the forward

covered by researchers over the years and it is fair to sa§@te-Pias region. We outline the most important points of
that in some respects it has reached a certain level n extraction methodology that has been implemented in

maturity. There have been several approaches proposed ffder to avoid such errors and finally, we present
relation to the extraction of the parasitic elements [1-4],cOmparative test results for both MESFET and PHEMT
most of them based on a combination of DC and small-d€ViCes, t0 prove its success.

signal S-parameters measured under certain special bias

conditions. As far as the de-embedding of parasitics and POSSIBLE ERRORS IN THE EXTRACTION

the extraction of the intrinsic elements is concerned, the OF PARASITIC RESISTANCES

very elegant method proposed by Dambenel. [1], and  Most of the techniques employed to extract the parasitic
further improved by Berroth and Bosch [2], is well elements of a microwave FET, are based upon small-signal
established and very efficient. It is, however, interestings.data or DC data, measuredvags = 0. The main reason
that many device manufacturers still complain aboutjs that under these conditions the equivalent circuit model
serious problems and inconsistencies when thesan be simplified to a great extent. Furthermore, one of the
extraction techniques are applied in practice. Onefactors which allows this simplification, is the relative
important and persistent complaint regards the frequentlysymmetry of the active channel under these bias
observed presence of large asymmetries between the gatgonditions, determined mainly by the symmetry of the
to-source and gate-to-drain capacitances extracted ajepletion region under the gate. The small geometrical
Vas=0. This is in sharp contrast to the relative symmetrical gsymmetries that exist normally between the source and
geometry presented by the large majority of FET devicesgrain contacts relative to the gate, are not likely to have a
under these particular bias conditions. The consequencesgignificant impact in this case. The circuit topologies
can be very serious from a modelling point of view, and commonly used for parasitic extraction normally differ
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between the “below pinch-off” case (Fig. 1.a) and theand in Fig. 4, for the PHEMT. The equivalent circuit
“above pinch-off’ case (Fig. 1.b). topology used for the extraction is the one shown in Fig. 2,
nd the methodology used is more or less the one

Although perhaps more convenient, there are a couple Oiresented in [3].

disadvantages associated with the second topology:

i) it is not consistent with the topology used in all the GO I—\W\ -0 D
other circumstances (below pinch-off and under normal Cgd Rgd
bias conditions), which involves two gate capacitances; Cgs
ii) it carries with it an uncertainty related to the balance gme\Vgs (t1) @ % gds T Cds
between the two channel resistané®g andRqq.
R
Rg Cgd Rd ’
G W 0 MW= D So S
Cgs= Rch = =Cds Figure 2. Small-signal equivalent circuit model of the
intrinsic FET
Rs $ The graphs represent two different situations: a) the
S correct values foRs andRy are used (determined via the
methodology described further in this paper), and as a
a) result, the two gate capacitances are almost identical; b)
R the two resistance values have been slightly altered, and as
g Cg Rchd Rd ; ;
G W h AW MA- D a result the two capacitances follow very different patterns
X above the pinch-off. Other interesting observations made
E; Rchs T cds during these tests are:
B the magnitude of the difference between the two
ng capacitances is closely related to the alteration of the
S difference betweerR; and Ry, and does not depend too

much on the absolute values of the resistances (within
b) reasonable limits, of course); if the value(Rf-R;) moves

very far away from the correct one, the extracted
capacitances can go totally out of range;

B the sense in which this difference betwé&gmandCyq

occurs, depends on the sense in which the absolute value

The partitioning rule for these resistances is normally©f (Re-Ra) is changing relative to the correct value;

Figure 1. Simplified equivalent circuit topologies used
for parasistic extraction; a) “below pinch-off’ case; b)
“above pinch-off’ case.

chosen as follows: B below pinch-off the two capacitances are always equal,
the differentiation appears only above pinch-off and
Rens= @ Ren; Rha= (1-a) Reny (1) increases progressively towards forward gate-bias region;

whereR., is the total channel resistance antias a value W the difference between the two capacitances is also
that varigs from author to author. between 0.33 t0 0.5. It i observed within the linear operation region of the devices
’ ' : o S(0<Vds<VdS,sa); Cy4s andCyq tend to converge progressively

quite obvious that if the balance between those two :
resistances (i.e. the value is incorrect. the values towards the correct values arouvigl s« In the saturation
(ie. a ’ region these phenomena are no longer observed,

determined for the source and drain resistances will be- the values extracted for the two charging resistances,

affected. are also affected to a certain extent, but the other elements
in the equivalent circuit (Fig. 2) seem to be only slightly
THE Ié\)/llf ?ISIR%%IZHELIEKA(EEAF(S:TION affected. Overall, the Iargegt influence appears to be that
seen on the two gate capacitances.
The impact that even relatively small errors in the valuesThese phenomena are hidden below pinch-off and in the
for R, and Ry, have upon the extracted values of the saturation region, by the very high resistance exhibited
intrinsic gate capacitances, is surprisingly high. We carriedbetween the intrinsic drain and source. Above pinch-off,
out tests on two FET foundry devices (one MESFET fromwhen the channel opens and in the linear operating region
GEC-Marconj and one PHEMT fronPhilips), and the  the active channel resistance is of the same order of
results forVy = 0, are shown in Fig. 3, for the MESFET magnitude as the parasitic and charging resistances.
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IMPROVED PARAMETER EXTRACTION
STRATEGY

(1) The parasitic resistances are determined using solel
the “unbiased” and “pinched-off” FET S-data. The same
“PI” topology (Fig. 1.a) is used to model the FET in both
low enough frequencie

these bias conditions. For
(f < 10GHz, wherew Ry, C << 1), the “PI” structure
CysCya-Ren can be related to the “T” structu@y-Rens Reng
by comparing the input and outpliparameters of the two
configurations. From egs. (2), (3) (below), we deduce:

Cg = Cgs+ ng =2 Cgs; R:hs= 0.25 F%h;
Reng= 0.75 Ry, (a =0.25) (4)

With this value fora, we can use now the “T” topology
(Fig.1.b) and the technique described in [3] to determin

R; andRy Another very important aspect is the frequency

range where the extraction Bf, R; andRy is carried out.
The frequency dependance of these elements should

monitored, since it tends to vary from device to device.

charging resistance®ys and Ryq, included, and using the
technique described in [2]. Again, the frequency range
where the extraction is carried out is very important, and
different frequency ranges might be needed to extract
different parameters. The results when such a methodology
is used, are seen in Fig. 3 and Fig. 4, giving the clear result
Sthat the two gate capacitances are identical.

CONCLUSIONS

We have demonstrated that rather small alterations in the
values determined for the source and drain parasitic
resistances can have serious repercussions on the values
extracted for the two gate capacitancesVgt= 0 and in

the linear operation region. Test results for both MESFET
and PHEMT foundry devices, show errors reaching over
e20% in the values o€y andCyq When small adjustments
are made toR; and R;. Weaknesses in most of the
commonly used extraction procedures are proven to be the
geause of such errors. These inaccuracies can have severe
repercussions on the quality of FET models built upon

The frequency range should be chosen so that the impadtch faulty values, particularly when they are used in

of inductive and/or capacitive reactances in the circuit is

minimum.
(2) The intrinsic elements are extracted,
equivalent circuit model as shown in Fig. 2, with both

using an

applications such as mixers and switches, when the devices
are operated mainly in the most affected bias regions.
Finally, we have outlined an improved extraction
methodology, to reduce the probability of such errors.

01 0
Z17m = Rehs—  jJ——0
Ow [CyO

(2)
Z221 = Rehst Rehd
O Reh - O Ren? 2 0O
it g e g
j o [Tys [ jl[Cgs[]  w* [Cys [Cos W™ [Cys Reh 1
Zin = = 0—- jB3—/—
Reh+ ————— Reh? + — 4 w ({2 [Cqs)
j [0 [Cgs w* [Cys
3)
g 2 0 4 o, 2
Rh@jE——0 RhE—-——+ jReh®F——
0 wlCgsO w? [Cgs? W [Cgs .
Zoon = 5= 0 Ren+ jCRen[@0[{2[0Co9 0 Ren
Reh+ jO—— Ren” + ————
w [Cgs w* [Cgs
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Figure 3. a) Extracted gate capacitanced/gt= 0, for a 72@um MESFET for two sets of values fBt andR;. In the first

case, with the values extracted using the improved methodology outlined in this paper, it is seen how the two gate
capacitances are essentially identical, as required. In the second case, theRidias been altered from 1.3 to 1.8 ohms,

and the capacitance extraction has been repeated. The results show major differences between the two gate capacitanc
above pinch-off ;b) Similar test for a 12Qn MESFET Ry has been altered from 0.79 to 1.2 ohms).
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Figure 4. a) Similar test as in Fig. 3, repeated for ajil2PHEMT R4 has been altered from 4.72 to 5.2 ohms)
b) Results for a 12Q6n PHEMT R, has been altered from 0.43 to 0.8 ohms).
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