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A New Method for pHEMT Noise-Parameter
Determination Based on 50-¢2 Noise
M easurement System

Jianjun Gao, Choi Look Law, Hong Wang, Sheel Aditya, and Georg Boeck, Senior Member, IEEE

Abstract—A new method for determining the four noise
parameters of pseudomorphic high electron-mobility transistors
(PHEMT) based on 50-©2 noise measurement system without
a microwave tuner is presented. The noise parameters are de-
termined based on the noise correlation matrix technique by
fitting the measured noise figure of the active device. On-wafer
experimental verification up to 26 GHz is presented and a
comparison with a tuner-based method is given. The scaling
rules for noise parameters have also been determined. Good
agreement is obtained between simulated and measured results
for 2 x 20 pum, 2x 40 pm, and 2 x 60 pm gatewidth (number
of gate fingers x unit gatewidth) 0.25-zm double-heter ojunction
é-doped pHEMTs.

Index Terms—Correlation noise matrix, noise measurement,
noise parameter.

I. INTRODUCTION

HE COMPLETE characterization of the transistor in

terms of noise and scattering parameters is necessary for
the computer-aided design (CAD) of a low-noise amplifier.
The S-parameters are measured by a vector network analyzer
(VNA), whereas the noise parameters cannot be measured
directly by an instrument. The full noise characterization of
a pseudomorphic high electron-mobility transistor (pHEMT)
requires the determination of four noise parameters, i.e,
minimum noise figure F,,;,, Noise resistance R,,, and optimum
source reflection coefficient I',,; (magnitude and phase). The
determination of the noise parameters is typically performed
by analyzing the variation of the measured noise figure as a
function of the source impedance. A minimum of four inde-
pendent measurements is required. However, for increasing
accuracy, more than four measurements are performed usually
and curve-fitting techniques are used then to determine the
noise parameters [1]-{4]. Although this method gives accurate
results, it is time consuming and requires expensive automatic
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broad-band microwave tuners that involves complex calibration
procedures.

Some authors proposed improved methods that are using
the equivalent transistor noise model to provide additional
information to reduce complexity in the measurement proce-
dure [5]9]. Other successful techniques are based on match
source reflection 50-2 measurements system (F%p) without
an automatic tuner [10]-{12]. Tasker et al. [10] assume no
correlation between noise source and input temperature 7,
which is smply equa to the ambient temperature, only the
unknown output temperature 7 must be determined to extract
the noise parameters. Alternatively, the correlation coefficient
C is assumed to be purely imaginary and related to P, R
by the approximate expression ¢ ~ +/R/P to determine
noise parameters using Fsy, measurements [11]. A complex
mathematical method for determining the noise matrix of active
devices based on F;y, measurements by assuming a linear
frequency dependency of elements of an intrinsic noise matrix
is proposed by Lazaro et al. [12], the calibration procedures
are very complex and need to determine the intrinsic parameter
Cga and the whole parasitic elements.

In this paper, a new method to determine the four noise pa-
rameters of pHEMTs based on a 50-2 measurement system
(F0) without an automatic tuner is proposed. In contrast with
previous publications [10]{12], this method has the following
advantages.

1) It needs no complex noise deembedding techniques and
calibration procedures.

2) Norestrictionsareimposed on the noise sourcesand noise
matrix elements.

3) Only thedetermination of pad capacitances Cy,, Cpq, and
Chpag, Seriesinductances Ly, Ly, and L,, and drain para-
sitic resistance R is needed, not the determination of the
other extrinsic and intrinsic elements.

4) The whole parasitic elements are determined by using a
pinchoff condition.

5) An improved method for determination of the initia
values of the four noise parameters based on [11] is
given; the iterative calculation is very fast.

Il. NOISE-PARAMETER EXTRACTION BASED ON 50-€2
MEASUREMENT SYSTEM (F}0)

A. Equivalent Noise Circuit Model

From the circuit point-of-view, the FET device can be treated
as ablack box of anoisy two-port. Asiswell known, the noise

0018-9480/03%$17.00 © 2003 |IEEE
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Fig. 1. Noisy small-signal equivalent-circuit model of pHEMT.

behavior of alinear noisy two-port network can be characterized
by the four noise parameters Fiyin, £y, Gopt, and Bgp With
R,
F - -me + Gs
where £ is the noise figure, Y, = G, + jB, is the source
admittance, £\, iS the minimum noise figure, R,, isthe noise
resistance, and Y., = Gopt + 7 Bopt IS the optimum source
admittance.

The equivalent-circuit model of the noisy pHEMT is shown
in Fig. 1. The circuit model comprises the well-known small-
signal equivalent circuit, and five noise sources 2, ¢2, e2, 42,
andi2. Thethreenoisesourcesc2, ¢2, and c2 represent the noisy
behavior of access resistances R, R4, and R, and are simply
givenby e = 4kTR; Af, wherek isthe Boltzmann constant, 7’
isthe absolutetemperature, R; istheresistancevalue, and A f is
the bandwidth. The two correlated current noise sources % and
i2 represent the internal noise sources of theintrinsic pHEMT.

By neglecting the influence of gate—drain feedback capac-
itance Cgq Of the intrinsic equivalent-circuit model of the
pHEMT, the calculation of the four parameters can be carried
out analytically as follows [13], [14]:

[(Gs - Gopt)2 + (Bs - Bopt)Q]

2
ledl 62

51

FINT =14 Kpw )
GO =Kcw @)
BN =Kpw ®)
RN =Kp C)

where FINT' GINT' BINT' and RINT' represent intrinsic
noise parameters without Cyq. K, K¢, Kp, and Ky are
fitting factors, and w is the angular frequency. From (1)—(4),
it can be seen that the equivalent noise resistance RINT” is
frequency independent, G'NT" and BINT" are proportional to

e - opt ] opt
w, and FINT" is alinear function of w.

min

B. Influence of Cyq

However, the gate—drain feedback capacitance Cyq is very
important because the noise correlation coefficient will be de-
creased when Cyq is neglected. The influence of gate-drain

feedback capacitance (g can be considered using a noise cor-
relation matrix technique.

The Y -parameter noise matrix of the network Ngpy (not indi-
catedinFig. 1) only consists of gate—drain feedback capacitance
Cga. CFP = 2kTRe(Y “P) is azero matrix, thus, theintrinsic
matrix can be calculated as follows:

CSI/NT _ CSD + CSI/NT’ _ SI/NT’ (5)
where CJNT" isthe Y noise matrix of network N, (except for
Cya). CINT' can be determined by trandating the chain noise
matrix

2
INT __ ~INT’ INT’ INT’
Cyii =Caz +Cat Y I
*
INT' INT’ INT/ ~INT’
- (Yn ) a1 — Y11 Cais (6)
COINT' _INT' (y/INT' *YINT’ INT' (1 INT' * @)
Y12 —“All 21 11 — L4 21
*
INT __ ~INT’ INT’ INT’ INTy INT/
CPT =T (V™) v - Ny v (®)
2
INT' __ ~INT’ |53/ INT/
CPE =CINT [y ©
where
INT' _ pINT’
Cai1 =R, (10)
INT _ pINT’ |5 INT |2
CA22 _Rn IYVopt l (11)
INT’ -
INT’ _‘Fmin -1 INT’ INT’
CAQI - 9 - Rn Y;I)t (12)
7
CINT, _E{HE -1 RINT’yINT, (13)
Al2 — 9 il opt.

The intrinsic chain noise matrix is obtained by translating
CINT asfollows:

CINT’

il =15 (14)
7]
IN INT’
o=t opy - G )
i - 2 INT\™*
hehs (V)
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Fig. 2. Block diagram of the input and output network measurement method.

INT)* INT’
INT_(Yll ) INT’ CY12

C ) 22 7
Al2 2 Y22 INT
VAT v

(16)

INT|2
CINT _(INT’ [ 11 INT’
A22 Yil Y211NT 7 Lyva2
INTY*
_ qu\IT C}I/NT’ _ (Yll T) }T/NT’ (17)
21 * 12 -
y211NT (Y'QI{\IT)
Since
jwcgd < YVQIlNT ~ Gm (18)
we have
YN =Y - jwCga = YT (19)
YIIINT :YlllNT + jwCea X w. (20)

The four noise parameters of the intrinsic part are obtained
from

2
GINT _ \/CEE;? ) {hn(CEE)} _e o

opt INT TNT opt
OAll OAll
Im(CNT) ,
INT __ Al2/) _ pINT
opt _W - Bopt - wcgd xXw (22)

All
T =1 4200 + CNTYET) = FRT (29)

min P P opt min

RINY —CE = R @)

where FNT, GINF, BN, and RN represent intrinsic noise
parameters.

From (21)«24), it is shown that F.5T, GINE, and RINT re-
main invariant and BT remains proportional to w. Equations
(1D)—4) are valid for the intrinsic device where the parasitic re-
sistancesdueto R, and R, only effect thefitting factors. There-
fore, the four frequency-dependent noise parameters become
four frequency-independent constants. Hence, these can be ob-
tained directly from measurements based on a 50-{2 measure-

ment system.

C. Noise-Parameter-Extraction Procedure

Oncetheparasiticelements (C,4, Cpas Cpag, Lg, La, Ls, Rq)
are known, the extraction of the four unknown noise parameters
can be carried out using the following procedure.

1) Measurement of the S-parameters of the pHEMT.

2) Transformation of the S-parametersto admittance parame-
ters and subtraction of pad capacitances (Cpy, Cpa, Cpdg)-

3) Transformation of theY” parametersto impedance parame-
ters and subtraction of the seriesinductances (Ly, Lg, Ls)

4)

5)

. B
i + '
SWITCH
|@ BIAS TEE H I'-:j
\PROBE ¥
e e o o o e e e C C f f e e e e - J '
'y OUTPUT NETWORK ,
Gama_out B !

and seriesresistance 2, that correspond to the sub-network
Ns.

Measurement of the noise figure (F},,) of the system that
consists of an input bias network, an output bias network,
and the active device.

Measurement of the S-parameters of the input and output
bias network. The bias networks include coaxial switches,
bias tees, probe tips, and cables between them (see Fig. 2)
Since the two ports of the bias network are different types,
i.e., one port is coaxial and another is coplanar, it is diffi-
cult to measure S-parameters using VNA on-wafer mea-
surement directly. Therefore, we use a one-port measure-
ment method to determine the S -parameters of the bias net-
works.

For a two-port network, the input reflection coefficient
can be expressed as a function of the load reflection coef-
ficient

Sin = 511 + % (25)
where S;, istheinput and I', is the load reflection coeffi-
cient.

First, the one-port coaxial open—short-oad (OSL) cal-
ibration is performed at plane A-A’ (input port measure-
ment) or B-B’ (output port measurement); then the S-pa-
rameters are measured when the probe tip is connected to
the OSL standards on theimpedance standard substrate | SS
(Cascade Microtech Inc., Beaverton, OR) corresponding to
' =1,-1, and 0, respectively. The S-parameters of the
bias network can be calculated directly as follows:

Sp1 =S1PAP (26)

OPEN SHORT
_Sll + Sll - 2511
- OPEN SHORT
Sll - Sll

Soo (27

Si2 =821 = \/(SlolpEN —511)(1 — S22) (28)

where SOPEN | GSHORT " and ST-OAD are measured input
reflection coefficients of the probes if the probe tip is ter-
minated by the OSL standard, respectively.

The source reflection coefficient and the corresponding
admittance are shown in Fig. 3. The output reflection co-
efficient and admittance are shown in Fig. 4. It can be no-
ticed that the system is not an accurate 50-2 system; the
real partsof Y, and Yy (G, Gour) have small deviations
from the 50-Q2 system (G, = Goue = 20 mS), the imag-
inary parts of Y, and Y,y (Bs, Bout) With the small de-
viations from the 50-Q2 system (B; = B,y = 0). It can
also be observed that Y is close to a 50-() system as Y,
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Fig. 3. Source reflection coefficient and admittance.
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Fig. 4. Output reflection coefficient and admittance.

because a high-performance bias tee has been used at the
input. Actually, the perfect 50-§2 system is also not avail-
ablesincethelosses of theinput and output network cannot
be neglected.

The source admittance and the output admittance are

Y, =(20£5) — j(0£35)mS
Your =(20 4+ 8) — (0 +11) mS.
6) Calculate noise figure of device-under-test (DUT).
It is known that the noise figure of a cascade of noisy
two portsis given by
Fp—1
GIN

Iour
GinGp’

Frn, = FTN + (29)
Inthis case, Fiy and Gy are the noise figure and avail -
able gain of the input bias network, Four is the noise
figure of the output bias network, and Fp and G are the
noise figure and available gain of the DUT.
Since the input and output bias network are passive net-

works, we get
1
Iy =——
IN GTN
1
I = 30
ouT =G (30)
1 —Gour
Iy =Gz Fpy — ———. 31
D IN GINGD ( )

Theavailablegains Gy, Gour, and G aredetermined
by S-parameters, which correspond to the input bias net-
work, output bias network, and active device

ISIN ]2
21
Gix =

= 32
RGHE )
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Fig. 5. Evaluation of the noise figures Fsq of pHEMTs (2x 20 pum,

2 x 40 pm, and 2 x 60 pm) versus the square of the frequency. Bias condition:
Vas =2V, Ve = 0 V. (las = 6,12,18 mA).

TABLE |
INITIAL VALUES OF FOUR NOISE PARAMETERS FOR THREE DIFFERENT
Size pHEMTs
Device K, K, K, K,
2x20um 1.3E-2 5.6E-5 -5.6E-5 120
2x40um 1.0E-2 9.3E-5 -9.3E-5 55
2x60um 8E-3 1.33E-4 -1.33E-4 30
G, — 15nPa—IDs?) @)
|1 = 51 's]2(1 = |53,]%)
where
512591 1's
Shy = Sag + —————.
1-511ly

The determination of Goyr can be carried out in asim-
ilar way as for Gn.

7) Setting initial values of four noise parameters K, K¢,
Kp,and Kg (Fiil, Goyt, BN, and RNT) and the cal-
culation of the chain noise matrix C' using (1)—(4).

Aswe know, the accuracy of the numerical optimization
methods that minimize the difference between measured
and modeled data versus frequency can vary depending
upon the optimization method and starting values. There-
fore, how to set initial valuesof Kg, K, Kp,and Kg is
very important.

A direct extraction method for determining the equiva
lent noise resistance R,, and the magnitude of the optimum
generator admittance |Y,,,¢| based on a50-£2 measurement
system is proposed by Dambrine et al. [11]. Based on this
method, an improved method for determining the initial
valuesof all four noise parameters can be used in this paper.

In the case of a 50-{2 generator impedance (Y, = G =
20 mS), the noise figure can be written as

Fio =1+ RyGo + 5 (2GaGeon + Vo)) (39)
where G, isthe real part of the correlation admittance.

Goor Can be approximated by G (real part of ¥711). Since

(11 iscloseto zero, G, can be neglected, and we get

R,
Fyom~14+ R,Go+ G—[Yopt[?. (35)
0
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Fig. 6. Microwave transistor .S-parameter and noise measurement setup.
Since R, is nearly frequency independent, while Y| 40
varies proportional to w?, theplot of F, versusw? islinear =
and thevalueat w = 0is(1 + R, Gy). Thus, R,, can be = 30 1
easily deduced from the F;, extrapolation for w = 0 as é 20 | Cpd
follows: 5 T T
©
= Cpg
w=0 __ < 10
R, ~ (F()O 1) ) (36) © Cpgd
R
0 T T T
The slope of F5, versus w? provides the magnitude of 0 10 20 30 a0
the optimum generator admittance | Y| as follows: Frequency (GHz)
a Fig. 7. Extracted pad capacitances.
wlo
[Yopt | ~ i,V slope( o). (37) TABLE ||
EXTRACTED PARASITIC INDUCTANCE AND R4 VALUES
Since the real part Gope and imaginary part By, have
the same order of magnitude, we can set Gope ~ —Bopt.- ELle“[‘e;‘]s 2X§2“m 2ng“m zxggum
After R, and Gy, are determined, the initial value of the « (P % =5 o
minimum noise figure F,,;;, can be written as L, [pH]
L, [pH] 10 10 10
R, [©Q] 10 5 3.5
-Fmin ~ 1+ 2RnG0pt- (38)
The four noise-fitti ng parameters KB, KC: KD: and glgahertz) The chain noise matrix CE is then determined
K1, are determined using (1)—(4). Fig. 5 shows the exper- using (10)«13).
imental evaluations of Fj, versus the square of the fre- 8) Transformation of the chain noise correlation matrix C'{
quency for three different pHEMTS of sizes 2 x 20 pm, to the impedance noise correlation matrix, and addition of
2% 40 pm, and 2 x 60 um. The ripple in the graphs is seriesinductances (g, Lq, L) and series resistance K.
caused by the nonperfect 50-2 sourceimpedance. It grows ~ 9) Transformation of the impedance noise correlation matrix
up with increasi ng gate/\”dth due to deceasi ng multi p||Ca_ to the admittance noise correlation matrix, and addition of
tion factor R,,/G,. pad capacitances (Cyg, Cpa, Cpag)-
Theinitial valuesfor thefour noise parameters K, K-, 10) Transformation of the admittance noise correlation matrix
Kp, and K are summarized in Table I. They have been to the chain noise correlation matrix, and cal culation of the

determined using the above method (the frequency unit is noise figure of the DUT
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Fig. 9. Comparison of measured and modeled noisefigures F, for the: (a) 2 x 20 um, (b) 2 x 40 pum, and (c) 2 x 60 pm pHEMTs and the system, respectively.
Bias condition: Vo = 0V, Vy, = 2V (Ias = 6,12,18 mA).

Fyoprr 11) Calculation of theerror criteriaasafunction of noisefigure

of the DUT

C. Im(Ca12)]7

=142 |Can+Can 22 [ i ‘412)}

Can Can L N
= F 3) — Fus D7 (40

Tm(Claa) C=N_1 ; [Propes(fi) MEasURE(fi)] (40)

ti— -
Can

where N is the number of considered frequency points,
Furasurr(/f;) is the measured noise figure at frequency
fi»and Fyvoper(f;) isthe calculated corresponding noise
figure derived from extracted values of the model parame-
ters.

: Caz |:IH1(CA12):| ’
Can Cann

(39)
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Fig. 10. Comparison of noise parameters directly measured using a commercial ATN system (o) determined with the new technique (—) for the 2 x 20 um

pHEMT. Bias condition: Vs = 0V, Vg, = 2V, Iqs = 6 MA.

O Measured —— Modeled

4 80

3 + 60
o —_
25 1a &
E ¢4
'S

14 + 20

0 T T T T T L] 0

12 16 20 24

Frequency (GHz)
@

Fig. 11. Comparison of noise parameters directly measured using acommercial
pHEMT. Bias condition: Vs = 0V, Vg, = 2V, Iy, = 12 mA.

12) If € > &o, thevaluesof FN T, GINT, BINT, and RINT are
updated to reduce £ using the least-squares method.

I1l. VERIFICATION AND EXPERIMENTAL RESULTS

Fig. 6 shows the experimental setup. It is composed of a
wafer-probe station, an automatic network analyzer (ANA)
HP 8510C up to 40 GHz, a hoise measurement system (NMS)
up to 26.5 GHz, and an electronic broad-band noise source
HP 346C up to 50 GHz. The NMS consists of a noise-figure
test-set HP 8971C and the noise-figure meter HP 8970B. The
local oscillator is an HP 83650B synthesized sweeper up to
50 GHz. HP 8971C consists of alow-noise preamplifier, mixer,
and YIG filter. The second stage (HP 8970B) is centered at the
intermediate frequency IF = 450 MHz. DC bias was supplied
by an Agilent 4156 A. All measurements were carried out
on-wafer using Cascade Microtech Inc.’s Air-Coplanar Probes
ACP50-GSG-100. The wafer probes were calibrated using a
line-reflect-match (LRM) calibration method for S-parameter
measurement.

The noise-parameter measurement method proposed in
this paper has been tested on-wafer up to 26 GHz using
AlGaAsInGaAs-GaAs pHEMTs with 0.25-pm mushroom
gates, grown and fabricated using Nanyang Technological
University’s (NTU’s), Singapore, in-house developed process
technology. The layer structure of the wafer, from bottom to

O Measured Modeled
1.00 100
-+ 80
0.75 o
B 160 &
o =
;'; 0.50 g
g T 40 g
0.25 4
4 20
0.00 T T T T T T 0

8 12 16
Frequency (GHz)

(b)
ATN system (0) and determined with the new technique (—) for the 2 x 40 um

28

top, consists of a GaAs undoped buffer layer, 140-A undoped
INg.22Gag 7sAS strained layer, 40-A Alg..5Gag 75AS spacer
layer, 5 x10'2 cm~2 Si §-doped plane, 220-A i-Alg 25Gag 75AS
source layer, and an Si-doped 450-A nt—GaAs cap layer.

In this paper, Pl-gate pHEM Ts with 2 x 20 um, 2 x 40 um,
and 2x 60 um gatewidth (number of gate fingers x unit
gatewidth) and a pinchoff voltage of approximately —0.8 V
have been used. In this section, experimental results are
presented, and a comparison of the novel method with the
tuner-based method is given.

A. Extraction of Parasitic Elements

The three capacitance elements C,,, Cpq, and C,q, describe
the capacitive effects of the measurement probe contacts. Since
the pad profile for all four types of devices is the same, the
pad capacitances are determined by measuring an open struc-
ture consisting of only the pads. The pad capacitance values
are Cp, = 16 fF and C,,q = 18 fF. The isolation between
the pads is 35 dB, which corresponds to a capacitance Cpq, Of
2.5fF. Fig. 7 showsthe extracted results of the pad capacitances.
Rather constant val ues are observed over awidefrequency range
(4.0~40 GHz).

In order to extract extrinsic parameters, the conventional
cold-FET method applies a strong forward bias to the gate of
the FET. However, in the case of a pHEMT, this method may
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Fig. 12. Comparison of noise parameters directly measured using acommercial ATN system (0) and determined with the new technique (—) for the 2 x 60 zm

pHEMT. Bias condition: Vs = 0V, Vg, = 2V, Iy, = 18 mA.
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Fig. 13. Noise parameters versus percentage deviation of the straight line for the 2 x 20 pym pHEMT. Theinitial guessfor the straight lineis obtained by asimple

linear regression applied to the measured noise figures (see Fig. 5).

TABLE Il
OPTIMUM VALUES OF NOISE PARAMETERS FOR THREE DIFFERENT
Size pHEMTs
Elements K, K. K, K
2x20um 7.5E-3 2.6E-5 -4.3E-5 110
2x40um 6.8E-3 4.8E-4 -7.0E-5 60
2x60um 5.4E-2 7.0E-4 -1.0E-4 33

cause gate degradation due to the large gate current running
through the Schottky junction. In this paper, the whole parasitic

TABLE IV
OPTIMUM VALUES OF NOISE FITTING PARAMETERS FOR THREE DIFFERENT
Size pHEMTs AFTER MODEL EXTENSION

Elements K, K, K. K, K,
2x20um 1.14 6.5E-3 2.6E-5 -4.3E-5 110
2x40um 1.05 6.3E-3 4.8E-4 -7.0E-5 60
2x60um 1.0 5.4E-2 7.0E-4 -1.0E-4 33

parameters are extracted by using the pinchoff bias condition

only. The dc-bias conditionis Vg = =3V, Vgs =0 V.



GAO et al..: NEW METHOD FOR pHEMT NOISE-PARAMETER DETERMINATION BASED ON 50-€2 NMS

o Original Extended ® Measured
4
3 4
)
=27
E
w
1 .
O T T T T T T

0 4 8 12 16 20 24 28
Frequency (GHz)

@

2087

o Original Extended ® Measured
4
3
)
z
2]
£
u.
14
o
0 T T T ¥ L T

0 4 8 12 16 20 24 28
Frequency (GHz)

(b)

Fig. 14. Optimum noise figure versus frequency. Comparison of original model, extended model, and measurements for the: (a) 2 x 20 pm and (b) 2 x 40 um

devices. Bias condition: Vs = 0V, Vas = 2V (las = 6,12 mA).

The three inductances L, Ly, and L, are dependent on the
length of thedevicefeed linesand are not scalable. However, the
drain resistance R is inversely proportiona to the size of the
device. Table Il shows the extracted results of the four parasitic
elements.

Fig. 8 compares the measured and modeled S-parameters for
the2 x 20 um, 2 x 40 um, 2 x 60 m, and 2 x 100 pm pHEMT
in the frequency range of 50 MHz—40 GHz. The modeled S-pa-
rameters agree very well with the measured ones.

B. Extraction of Noise Parameters

When parasitic elements, pad capacitances, series in-
ductances, and drain resistance are determined, the noise
parameters can be obtained by using above method.

Fig. 9(a)—<(c) compares the measured and modeled noise
figure I5q for the 2 x 20 um, 2 x 40 pm, and 2 x 60 pm, re-
spectively, pHEMT in the frequency range of 2—26 GHz under
the bias condition Vs =0V, Vs =2V (lgs = 6,12,18 mA).
An adequate comparison for the noise figure of the system is
aso givenin Fig. 10. The modeled noisefigures agree well with
the measured ones based on the 50-2 measurement system.

The transistor noise parameters determined from I3 by
using the new method are compared to the noise parameters
measured with the commercial ATN system NP5 based on a
broad-band tuner. Figs. 10-12 show these comparisons as a
function of frequency. A good agreement between measured
and modeled results can be indicated and the validity of the
method is confirmed.

A sengitivity study of the extraction method has been
performed for the 2 x 20 um pHEMT because of the larger
ripple. Fig. 13(a)—(d) shows the extracted noise parameters for
the 2 x 20 ;xm device depending on the percentage deviation of
the straight line from the nominal values obtained by a simple
linear regression applied to the measured curve. From these
diagrams, it can be taken that the final values of the noise
parameters show nearly no sensitivity with respect to changes
of theinitial straight line, whereas, of course, theinitial guesses
of the noise parameters change.

Table Il summarizes the extracted optimum four fitting
parameters that correspond to transistor noise parameters. A
comparison with Table | provesthat initial values and optimum
values match very well for noise resistance K (R,,). The dis-

persions between the initial valuesof K g, K¢, and Kp (Fiuin,
Gopt, and Bgt) and optimum values of the large-size devices
(2%x40 pm and 2x 60 um) are smaler for the small-size
devices. The reasons are as follows.

* The system is not an accurate 50-(2 system for the DUT.

» The large-size device satisfies the assumption (Gope >

Gleor) better.
After careful examination of the measured data, the scaling

formula are determined to be

K_IC :E (41)
K7 W
K_}D :E (42)
K3 W
K_JT‘J :E (43)
K% Wy
i.e.,

R, oc% (44)
Gopy, xW (45)
Bopy o«cW. (46)

Itisnoticed that K g isnot scalable, which means F,;,, isnot
dependent on the width. In Figs. 10(a), 11(a), and 12(a), we can
find that the modeled optimum noise figure F,,;, agrees well
with the measured £1,,:,,, especiadly at high frequencies. How-
ever, thereare small differences between measured and modeled
dataat low frequencies; the differencesincreaseif gatewidth de-
creases. The reason for that liesin a gate |eakage current.

It is well established that a short gate on a thin heavily
doped layer is necessary to obtain an excellent microwave
performance. As a result, problems with gate leakage current
and additional noise become significant. Some noise models
that take into account the influence of gate leakage current
have been reported [15], [16]. For our device, the leakage
currents are in the same order for all devices (roughly 1 ;A)
independent on the gatewidth. This means that the influence of
the gate current on noise behavior is larger for small devices
than for large ones. Since the extracted noise parameters of
our 50-Q2 method are based primarily on S-parameters and a



2088

model with two noise sources, influence of agate current is not
taken into account in contrast to a complete noise-parameter
characterization. However, the influence of a gate current
can be considered by introducing a new empirical formula as
follows:

FINT — K+ Kpw.

min

(47)

The extracted optimum fivefitting parameters after model ex-
tension are summarized in Table IV. We can find that the pa-
rameters have small changes for the 2 x 20 um and 2 x 40 ;m
device, whilethe parameters remain unvaried for the 2 x 60 um
device. Fig. 14 shows that the application of the proposed for-
mulaleadsto agood agreement between model ed and measured
optimum noise figuresin the entire frequency range for both the
2 x 20 pm and 2 x 40 pm devices.

IV. CONCLUSION

A new method for the determination of noise parameters of
PHEMTs based on a 50-2 NM S without microwave tuners has
been proposed, and successfully applied to three devices with
different sizes. Good agreement is obtained between simulated
and measured resultsfor 2 x 20 m, 2 x 40 zm, and 2 x 60 zm
gatewidths (number of gate fingers x unit gatewidth) double-
heterostructure (DH) pHEMT devices. Noise parameters up to
26 GHz and scaling rules for noise parameters have been deter-
mined. A new empirical formulafor an optimum noisefigureis
given, and significant improvement in the accuracy of the op-
timum noise figure is obtained by using the new expression.
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