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Full RF Characterization for Extracting the
Small-Signal Equivalent Circuit in Microwave FET’s

J. Apolinar Reynoso-Herniindez, Francisco Elias Rangel-Patiiio, and Julio Perdomo

Abstract—The basic cell for linear, nonlinear, and noise models
is the intrinsic transistor. To determine the intrinsic device
elements a de-embedding of the parasitic elements is needed.
A good extraction of the extrinsic device elements along with
a suitable topology leads to the true values of the intrinsic
transistor and therefore to good models. In this paper, three
methods for access resistances computation are investigated. ho
of them are based on DC measurements with floating drain or
source and they use a modified Schottky model for determining
the gate resistance. The third method is an improved cold-FET
technique based on RF measurements with floating drain instead
of the VDS = O condition. The originality of the proposed
RF method is the use of the floating drain configuration which
overcomes the inconsistencies between DC and RF methods. On
the other hand, extended expressions for parasitic inductances
calculation are presented. These expressions take into account
the influence of different factors such as parasitic capacitances
and access resistances. Based on both, the improved cold-FET
technique for access resistances computation, and the extended
equations for parasitic inductances, this paper presents also an
alternative method for extracting the small-signal equivalent
circuit on PHEMT’s by means of RF measurements only, with
no optimization procedures.

I. INTRODUCTION

T HE small-signal equivalent circuit of microwave GaAs
FET’s is crucial for noise modeling, suitable for mi-

crowave CAD and very useful for device characterization.
To extract the value of the equivalent circuit model elements

two approaches are often used. The first approach uses both
RF measurements and optimization methods [1], while the

second one uses DC and RF measurements only [2] and
[3]. Both approaches lead to good results: measured and
calculated S parameters agree well with each other. However,
the first approach depends strongly on both the initial values
for starting the optimization procedure and the optimization
procedure itself. In addition, this approach may yield element
values with no physical sense, e.g., a negative value for a
resistance, and therefore, it may not be suitable for device
performance evaluation [4]. To overcome this problem the
second approach seems to be more reliable.

A number of small-signal equivalent circuit topologies exist
for microwave FET’s modeling. The main differences among
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Fig. 1. Circuit topologiespreviouslyreportedin the literature[2], [5], and
[6].

them rest in the parasitic elements location, which depends
on the transistor geometry and on the transistor embedding
medium. For example, the equivalent circuit shown in Fig. l(a)
is recommended for transistors embedded in chip carriers [2],
while the equivalent circuits depicted in Fig. 1(b) and (c) are
advised for coplanar transistors [5] and [6].

Independently of topology, equivalent circuit

elements can be grouped in two categories: extrinsic
or parasitic elements, which are bias indepen-

dent (Rs, RD, RG, Ls, LD, LG, Cpc, and CPD),

and intrinsic elements, which are bias dependent

(CGS, CGD, CDS, R, 9Ds, g~, and 7-). Extrinsic elements
and especially access resistances (Rs,RD, and RG), are very
difficult to compute from electrical measurements. Previous
techniques, based on DC or RF measurements [7]–[ 13], have
been put forward to estimate these resistances. The main
problem up to now lies in the fact that the results of both
techniques are not consistent with each other.
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Fig. 2. Schottky diode model for transistors with floating drain or source.

On the other hand, it has been our experience that Z
parameter equations [2] currently used for determining pat-
asitic inductances may yield negative values with no physical

sense. This behavior has been observed in the case of source
inductance L,s for on-wafer coplanar transistors.

The purpose of this paper is firstly, to set DC and RF

techniques for access resistances estimation such as to they
agree with each other. Secondly, the present work aims to
extend Dambrine’s Z parameter equations in order to they
apply to all kinds of transistors.

DC and RF methods for computing access resistances
are described in Sections II and III, respectively. Section
IV deals with the parasitic inductances determination from

extended Dambrirte’s equations. Finally, experimental results

are presented in Section V, where a full RF extraction of the
small-signal equivalent circuit is carried out for a on-wafer
coplanar PHEMT using no optimization methods and in the
frequency range 0.045–20 GHz.

II. DC METHOD FOR ACCESS RESISTANCESEVALUATION

From a experimental point of view, the method proposed
for access resistances evaluation consists in the measurement
of ~G(VD ) and ~G(VG ) characteristics at forward bias (VG >
Vbz > O) with floating drain or source (1G equals ~GS or

IGD, VD equals VDs or VsD and VG equals VGs or VGD

with floating drain or source, respectively). The measurements
principle is illustrated in Fig. 2. From a theoretical point
of view, the Rend technique is used along with a modified
Schottky diode model. Theory leads to the resolution of a
simultaneous linear equations system where Rs, RD, and RG
are the unknowns.

A. The Rend Technique

From the circuit shown in Fig. 2, the VD voltage due to IG
current can be written as

VD = IGRe”d (1)

where Rend is the circuit resistance (Rend = Rind or R&d
with floating drain or source, respectively).

A priori, Rend could be expected to have a single component
Rs (Rs = Rs or RD with floating drain or source, respec-
tively). However, due to gate current distribution, a fraction of

VD voltage drops in the channel resistance RCH. Based on this
assumption K. M. Lee et al. [8] suggest that an supplementary
resistance ~tRcH have to be added to R+. Concerning at
value, it has been reported [8], [9] that at = 1/2. Under these
conditions Rend is given by

Rend = R~d

RCH
=Rs+Y with floating drain (2)

Rend = R~nd

RCH
=RD+7 with floating source (3)

where Rs, RD, and RCH are the unknowns. These expres-
sions constitute the first two equations of the system to be
solved.

On the other hand, from ~G (VD ) measurements and ac-
cording to (1), Rend values are computed as the slope of V~

versus ~G

()VDS
R:nd = —

IGs floating drain

()

Rt&d . ~

IGD floating source

(4)

(5)

B. The Planar Schottky Diode Model

Up to here, equations involving R,s and RD have been
established [(2) and (3)]. However, for a full computation of
access resistances, equations involving the gate resistance RG

are needed. The originality of the proposed DC method rests

in the use of a modified Schottky diode model for taking into

account RG.

Under floating drain or source conditions, the transistor is
formed, respectively, by gate-source or gate-drain contacts
only. Then, the transistor is modeled by a real planar Schottky
diode illustrated in Fig. 2. Under forward bias condition (VG >
Vbi > O), the current IG flowing through the diode is given by

()vIG=lS. exp —
nUT

(6)

where

I,s saturation current (A): Is = (1,s) ,S or (1s )D with
floating drain or source;

v voltage across the ideal Schottky diode (V);
n ideality factor of the real Schottky diode: n = ns or

nD with floating drain or source;
uq- thermal potential (V): UT = kT/q;
k Boltzmann constant (J/K);
T absolute temperature (K);

!7 electron charge (C).

The saturation current is given by

Is= S. A’*
()

– Vbi.T2. exp _
UT

where

s gate surface (cm2);
A%. Richardson constant (A cm–2K–2);
Vbt Schottky barrier height (V).

(7)
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The voltage V across the ideal diode can be expressed in where
terms of the external positive voltage VG and the voltage drop
across the series resistance R associated with the real Schottky
diode

V = VG – IGR. (8) E=

Substituting (8) into (6) and assuming that VG > 3kT/q, (6)

becomes

lG=Is”exp(VG:2R)
then

~(IGJ
;=l i=l

(9) y~ = (R a b)

rrn m

(18)

(19)
m 7

FT = l~(IG,)(VGi) ~ (ln IGi)(VG,) ~ (VG,)I .
%=1 ‘i=l J

(20)

Let define R(s) and R@) as the values of the series After resolution of (17), all Schottky diode physical parameters
resistance R, with floating drain or source respectively. In can be obtained: the series resistances R, the ideality factor n

the case of the transistor, it has been shown that R can be (n= a/UT) and the saturation current .l~ [Is= exp (-b/a)].
written as [9]

R(’) = & + RG + CWRCH (l ~, D. Second Method for the Computation of the
Schottky Diode Series Resistance

RCDJ = RD + RG + a,RcH (12)
This method, developed after the procedure reported in [15],

where a., is a factor equal to 113 and Rs, RD, RG, and RCH deals with the optimization of the ~near relationship between

are the unknowns. These expressions complete the system to the variables (8VG/8 h ~G) and ~G in the positive region of

be solved. . the Schottky diode I(V) characteristic. Calculating the partial

As for R(s) and R(D) coefficients, their values are calcu- derivative of VG (13) with respect to in (~G) we have

lated according to either of the two following methods, based ~VG
on ~G(% ) measurements. —= RIG+a.

8 in IG
(21)

C. First Method for the Computation of the Equation (21) characterizes a straight line with R as slope

Schottkv Diode Series Resistance and a as y-axis intercept. Carrying out a set of m measure-
.

This method, inspired from the work reported in [14], con-
ments of current ~G for m values Of voltage VG it is possible to

sists in the least squares optimization of the analytical function
compute (m –. 1) mean values of the derivative (dVG /8 In ~G)

that predicts the ~(V) ch~acteristics of a real Schottky diode

{

AVG1 AVG2 AV& AvG(m-1)

(10). This function is of the form Aln~G1’ Aln~G’’”””’ Aln~G~’”’”’ Aln~”(m_~) }

vG=R~G+Uhl(~G)+b (13) where

~vG, = VG(Z+l) ‘- vGi
where coefficients R, a and b are the variables to be optimized. (22)

The expressions of a and b are given by
A In IGi in ~G(~+~) – in ~G,

a = nu~ (14)
Using the (m – 1) computed (AVG /A in lG) values and the

b =–a ln(lS).
corresponding (m – 1) measured ~G values, R and a, the

(15) coefficients of (21), are calculated by means of a least squares

With the help of m measurements of current lG for m values
optimization procedure. It is noticed that, unlike th~ first

of voltage VG itis possible to define the error function X to
method, the second method does not allow a full extraction

be minimized
of the Schottky diode physical parameters.

m.

X = ~ [RIGi + O,in (lGi) + b – VG,]2.
E. Extraction of Access Resistances

(16)
i=l For the estimation of access resistances, (4), (5), (1 1), and

The minimum of X occurs when the ,partial derivatives with
(12) have to be solved simultaneously. We have a set of
four linear equations with four unknowns (Rs, RD, RG, and

respect to R, a, and b are equal to zero. These conditions
lead to a set of three simultaneous linear equations where R,

RCH). If RS and RD values are derived from (4) and (5),
and then are substituted into (11) and (12) the system to be

a, and b are the unknowns. The resulting equations can be solved becomes
written under matrix form as

E.Y=F (17)
(23)
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RCH
RD + ~ = R&d (24) LG RG-RcH/6 RD+RcH/2 LD

RCH G D

RG–7= R(S) _ R~,d (25)

RCH
nkT/qlG

RG–7= R(D) _ R&d. (26)
CPG r > Rs+RcH/2 r > CPD

Two equivalent expressions are obtained for the term (% –

RcH/6) [(25) and (26)]. Hence, if floating drain and floating
source DC measurements are consistent with each other, one LS

should find that

R(S) – R; nd = R(D) _ R~d (27) s

On the other hand, the value of RCH is expected to be very
Fig. 3. Smaf-signalequivalentcircuitwith floating drain at VGS > Ii, >0
for circuit topology reported in Fig. 1(a).

small with respect to those of access resistances. Therefore,

Rs, RD, and RG are given by

Rs = R~nd
are given as follows. These equations are an extension to those

(28) reported by Dambrine et al. [2] and are valid for floating drain
RD = R’&d (29) configuration.

RG = [R(S) – R<ndl — /.. ,— —.9 -.-— ... -- -9. .

= [R(D)

HI. RF METHOD FOR ACCESS

A. DC and RF Inconsistencies

RESISTANCES EVALUATION
- [CPDR~ + CpG(R1 + R,)’]} (32)

212(w) = {R3 + W2L,S[CpD(R2 + R3) + CPG(R1 + R3)]}

+ jw{Ls – R3[CPD(R2 + R3)

The cold-FET technique for access resistances estimation + CpG(R1 + R3)]} (33)

was proposed by [1O]. This technique is based on RF mea- -222(w) ={(Rz + R3) + W2CPD(R.2 + R3)(L,s – CpGR?j)}
surements with both large forward bias current in the gate +jw{(Ls + LD)
and drain-source voltage equal to zero. Due to VDs = O V

condition, the gate current is split; it flows not only through
- [CpGR~ + CpD(R2 + R3)2]} (34)

the source, but also through the drain. Under this configuration, where
the series resistance R associated with the Schottky diode is
given by R1=RG–

&lH ns ikT
~+—

qIGS
(35)

1
R=RG+ , (31) RCH

rl 1 R2=RD+F (36)

where

RCH

a!l

o!’

~(Rs +QIRCH) + (RD +a2RCH)]
.

RCH
R3. RS +7. (37)

channel resistance; Concerning real parts of Z parameters, at low frequencies

a factor (unknown) related to the gate-source current (~ < 5 GHz), terms in w’ are small and can be ignored.

distribution; Hence, at low frequencies, Re (2,7) depend, among parasitic

a factor (unknown) in connection with the gate-drain elements, on access resistances only. Their expressions turn

current dktribution. equal to those put forward by [2] and apply to open drain

This expression is different from that used to model the condition
series resistance when drain is open (11). In order to over- RCH

Re(Z1l)(w) =R~ +RG + y + ZD
come this inconsistency, the RF cold-FET technique has been

(38)

modified by changing the bias condition VD,s = O into floating RCH

drain configuration.
Re (2 M)(w) = RS + ~ (39)

Re (222)(w) = Rs + RD + RCH (40)

B. Z Parameters and Access Resistances Evaluation
where

The method proposed for access resistances extraction (and ns kT
for parasitic inductances, C$, Section IV) is based on Z zD=— (41)

parameters computed from the measurement versus frequency
q~GS “

of S parameters at VGs > Vbi > 0 and at open drain for At low frequencies, Re (Zzj ) are expected to have a constant
different ~GS currents. At VGs > V& > 0 the PHEMT value, which, except for 211 parameter, is directly related
equivalent circuit depicted in Fig. 1(a) is reduced to the circuit to Rs, RD, and RCH. Regarding Re (211), the extraction of
shown in Fig. 3. The corresponding Z parameter expressions access resistances terms is achieved considering that the plot
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of Re (Zll ) versus l/~GS is a straight line with a slope a equal
to a = ns kT/q and with a y-axis intercept Re (Zll )* equal to

RCH
Re(Zll)* = RS +RG + ~. (42)

From this plot, the ideality factor ns is also calculated (ns =

aq/kT).
For the computation of Rs, RD, RG, and RCH, the system

formed by (39), (40), and (42) has to be solved. Substituting
Rs value from (39) into (40) and (42), the system becomes

RCH
Rs+Y =Re(Zlz)

RCH
RD i-Y =Re (Zzz) – Re (Zlz)

RCH
RG–7 =Re(Zll)* – Re(Zlz).

These expressions are equivalent to those obtained

DC method (23)–(26). Finally, if RCH is neglected,
resistances are given by

RS =Re (Zlz)

R~ =Re(ZzZ) – Re(Zlz)

RG =Re(Z1l)* – Re(Z1z).

(43)

(44)

(45)

in the

access

(46)

(47)

(48)

IV. RF METHOD FOR PARASITICINDUCTANCESEVALUATION

This method concerns the imaginary parts of Z parameters

calculated from S parameter measurements at VG,S > V6i >0

and at open drain bias condition. Z parameter expressions have

been given in the previous section.

A. Simplification of Im (Zzj ) Expressions

Concerning imaginary parts of Z parameters (32)–(34),
for microstrip-mounted transistors, due to wire bonding, in-

ductance values are large and the influence of capacitance
and access resistances terms can be ignored. Hence, for
these transistors, Im (Z~j ) are related to inductance terms
only. Whole equations are reduced into the currently known
Dambrine’s equations, but they are valid for floating drain

configuration

Im(Zll)(w) =LJ(LS + ~G) (49)

Im (Zlz)(w) =w(Ls) (50)

Im (2.M)(u) =LJ(LS + LD). (51)

It is worth noting that, owing to the form of whole equations
(32)-(34), simplified Im (Zij) expressions (49)-(51) hold for

all frequencies.
Regarding on-wafer coplanar transistors, inductance values

are not large enough anymore to access resistances or capaci-
tance terms be neglected. Then, whole Im (Zij ) equations must
be used instead of simplified ones.

B. Parasitic Inductances Calculation

In the general case, after transformation of (32)–(34), in-
ductance values are derived as

LG =
Im (Zll) – Im (Z12)

+ (All – Alz) (52)
w

5.5

1

MEASURED

5 0 DRAIN OPEN

27
74.5

!

‘ SOURCE OPEN

;

%4 - MOOELED /

1.51
0.7s 0.79 0.s 081 0,82 0.83 0.84 0

VOLTAGE,VGS OR VGD,(V)

Fig. 4. Gate current IG5 or IGD versus gate voltage VG.S or VGD for mi-
crostrip-mounted transistor with floating drain or source at VG.S > Vb, >0.

Ls = lm (212) + A12
w

(53)

L~ =
Im(Z22) – Im(Z12)

+ (A22 – A12) (54)
w

where All, A12, and A22 are factors involving both access
resistance and capacitance terms. Their expressions are given
by

All = Cp~R~ + CpG(R1 + R3)2 (55)

A12 = R3[C’PD(R2 + R3) + CPG(R1 + R3)] (56)

A22 = CpGR~ + Cp~(R2 + R3)2. (57)

It should be noticed that if simplified equations are used,
All = A12 = A22 = O.

V. RESULTS

In order to validate our theoretical investigations, mea-
surements were carried out on two kinds of transistors. A
microstrip-mounted PHEMT was used to compare DC and RF
methods for access resistances computation. In addition, a on-
wafer coplanar PHEMT was used to evaluate the performance
of both the RF access resistance method and the extended
inductance equations in the extraction of the small-signal
equivalent circuit.

A. DC Method for Access Resistances Computation

DC measurements were performed at room temperature on
a ultra low noise PHEMT (NE24200 with Wg = 200 ,um
and Lg = 0.25 #m) mounted on chip carrier (Intercontinen-
tal Microwave@, model AO 102 805), using a computer con-
trolled measurement system formed with Tektroni@ equip-
ment (models PS5004, PS501O, and DM5 120).

Fig. 4 shows the measured fG (VG) characteristics with
floating drain or source while Fig. 5 reports the measured
~c (VD ) characteristics with floating drain or source. The plot
of the numerical derivative [d~c /d in (VG )] versus ~G with
floating drain or source is shown in Fig. 6.
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Access resistances were extracted according to theory by
means of the measured I(V) characteristics with floating drain

or source. Their values are gathered in Table I, along with
those of Rend resistances and some Schottky diode physical
parameters such as the series resistance R[R = R(s) or R[~J ],
the ideality factor n (n = ns or YLD)and the saturation gate
current 1S [1s = (1s )S or (1s )D]. It is noticed that the values
of series resistances R(s) and R(D), gate resistance RG and
Schottky ideality factors ns and nD, computed from the first

and second methods agree within <1 To. In addition, open drain
and open source DC measurements are consistent with each

other since the values of [R(s) – R~nd] and [R(D)– R&d]
are equal within 2910 (27).

B. RF Method for Access Resistances Computation

S parameter measurements were performed with a net-
work analyzer H@ 85 10C and a test fixture Intercontinental

TABLE I
COMPARISONOF DC AND RF METHODSFORACCESS RESISTANCES ESTIMATION

(VALUES FROMFLOATINGDRAIN MEASUREMENTS:RG = [R(s) – R~nd])

DC methods RF method

lS’method 2“dmethod

~ end
s (Q) 2.17

R;d (S2) 2.37

R@) (cl) 3,87 3.86

R@) (Q) 4,10 4.09

(I@ _&) (Q) 1,70 1.69

(@-~&d) (Q) 1.73 1.72

Re(Z1,)* (Q) 3.73

Re(Z,J (s2) 2,08

Re(ZzJ (Q) 4.40

Rs (f-l) 2,17 2,08

R~ (Q) 2,37 2.32

RG (Q) I .70(’) 1,69(’) 1.65

ns 1.57 1.56 1,53

nD 1,56 1.55

(NS (PA) 3.87

fldD (PA) 3.65

15, r
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ZI1_,...,*h#~#”’’”’’”’”10 -.d~
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~

../’..,.

0 ~+...
Ki-
5
Ix

222

ZI 2

01 I
o 2 4 6 8 10 12 14 16 16 20

Frequency (GHz)

Fig. 7. Real parts of Z parameters versus frequency for microstrip-mounted
transistor witfr floating drain at VGS > v//t > 0.

Microwave@ TF 3001 K. Prior to measurements, a TRL
calibration was carried out on the network analyzer using a

calibration kit Intercontinental Microwav@ TRL 3003.

S parameter measurements in the frequency range 0.045–20

GHz were performed on the same PHEMT as above, at the

bias condition VGs > V& >0 with floating drain (open drain

condition), for different gate currents 6 mA < ~GS < 7 mA.

These values of ~GS are not as high as to degrade the transistor

[10] and [13].
Z parameters were calculated after transformation of the

measured S parameters. The variations of Re (Zij ) against
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frequency with floating drain are plotted in Fig. 7. It is noticed
that at low frequencies, in the frequency range 0.045–10

GHz, Re (Zij) are constant, as predicted by the theory. Then,
parasitic resistances were computed from Re (Zij) values in
this frequency range. On the other hand, the plot of Re (Zl ~)
versus 1/IGs at open drain is shown in Fig. 8. As expected
by the theory, the curve obtained is a straight line.

Access resistances are reported in Table I along with
Re(Zij ) values used for their computation as well as the
Schottky diode ideality factor. It is noted that Rs, RD, and

ns values computed from RF and DC methods agree within
2-4%.

C. RF Method Performance in ~he Extraction of
the Small-Signal Equivalent Circuit

As an example of the RF method performance, all small-
signal equivalent circuit elements are extracted for a medium
power on-wafer n+ GaAslInO.zsGaO. TsAsln+Alo.zsGao, TzAs
PHEMT (Wg = 120 ~m, Lg = 0.33 ~m) supplied by Hewlett-

ki

1,-
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Fig. 10. Frequency dispersion of parasitic inductances for on-wafer transis-
tor.
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Fig. 11. Frequency dispersion of parasitic capacitances for on-wafer tran-
sistor.

Packard. In this case, a LRM calibration was carried out on the

network analyzer using Picoprobe@ (model 50A-GSG-150-P)

as well as 1SS standards from Cascade Microtec@.

Z parameters, computed from S parameter measurements

at open drain under forward gate current ranging between

8 mA < ~G.S < 9 mA, are used for the calculation of
access resistances and parasitic inductances. According to

the procedure outlined in this paper, Rs, RD, and RG are

estimated from Re (Zij ). Their values are equal to: Rs =

3.9 Q, RD = 5.6Q, and RG = 0.51 !2. Fig. 9 shows the

plot of Re (Z;j) versus frequency. It is noticed that, for this

on-wafer PHEMT, Re (Zij ) remains constant in the whole
frequency range up to 20 GHz.

Fig. 10 reports the plot against frequency of parasitic in-

ductances L,s, LD, and LG, calculated from Im (Zij) using

(52)-(57). As indicated in these equations, prior to the com-

putation of parasitic inductances, parasitic capacitances must

be determined.
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Fig. 12. Frequency dispersion ofintrinsic elements foron-wafer mmsistor.

According to the method put forward by [2], Y parameters,
calculated from S parameter measurements at VDs = O and
VGs = 4VP (VP = pinch-off voltage), are used for the
estimation of parasitic capacitances. Fig. 11 shows the curves
of CPD and CPG versus frequency.

On the other hand, after de-embedding all parasitic ele-
ments from S parameter measurements at V~s = 2 V and
VGs = O V, intrinsic elements are extracted at this bias
condition according to the Berroth and Bosh method [3] and
using the circuit topology in Fig. 1(a). This topology was
adopted because it yielded the best S parameter fitting. This
result does not agree with those of literature [5], [6] since

circuit topologies in Fig. 1(b) and (c) have been advised for

coplanar transistors. Further investigation is needed to clarify
the discrepancies about circuit topology. All intrinsic elements
at VDs = 2 V and VGs = O V are plotted against frequency
in Fig. 12. In addition, from Figs. 9–12, except for Ri and T,
no frequency dispersion is observed for extrinsic nor intrinsic
elements. This behavior indicates that the circuit topology in
Fig. l(a) is suitable for the transistor under test.

As for Ri and T, their values exhibit a large scattering
at low frequencies. Owing to the small value of CGS at
low frequencies, large uncertainty errors are expected in the
extraction of Ri from Re (Yll ). Besides, since the value of
Rz is needed for -r parameter estimation, large uncertainty
errors are also expected at low frequencies. So, from Fig. 12,
measurements at frequencies larger than 10 GHz m-e suitable
for Ri and T computation. At low frequencies, the calculation
of these parameters may be improved by either, increasing up
to 120 points the measurement points average in the network
analyzer, or using the method proposed by [16].

VI. CONCLUSION

Access resistances and parasitic inductances are cracial

elements in the de-embedding procedure carried out for the
intrinsic elements extraction. In this paper, three methods for
the computation of access resistances are investigated. Two of
them are based on DC measurements with floating drain or

source while the last one is based on RF measurements with
floating drain. The originality of the proposed DC methods lies

on the gate resistance calculation after a Schottky diode model.
On the other hand, thanks to the floating drain configuration

instead of the VDs = O condition, the inconsistencies between
DC and RF techniques are overcome. Given that the RF esti-
mation of access resistances is reliable, an alternative method
is presented for extracting the small-signal equivalent circuit
on PHEMT’s. This method is based on RF measurements
only and uses no optimization procedures. Besides, regarding
parasitic inductances, this method involves improved equations
at open drain configuration that are an extension to those of
Dambrine et al. [2].
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