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and on-wafer FET noise parameters
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This work proposes the use of a common-source cold-FET with gate forward biased to validate the noise figure measurements and the noise
parameters of on-wafer transistors. Since a common-source cold-FET behaves as an attenuator, its noise figure and noise parameters can
be determined from S-parameters measurements. Three methods for determining the noise parameters of the common-source cold-FET
are investigated. The first one uses the noise correlation matrix for passive devices (the S-parameters), the second one is the tuner method
and the third one is thest method. The noise figure measured and the noise figure computed from S-parameters agree quite well. The
noise parameters extracted with the tuner method andshenEthod show good correlation with the noise parameters computed with the
S-parameters. These results validate both the noise figure measurements and the noise parameters extraction.
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1. Introduction can be used as a noise verification standard since its noise
figure and noise parameters can be directly computed from
Noise figure is one of the receiver parameters; that indicate1e device S-parameters. The common-gate cold-FET tran-
its ability to process low-level signals. This figure of merit is sistor behaves as a variable attenuator in function of the bias
mainly dictated by the low noise amplifier (LNA), and it de- Point, and their noise parameters are the same order of mag-
pends on the transistors’ noise parameters [1,2]. The knowRitude as the active device ones. Besides, the common-gate
edge of noise figure at different input impedances allows th€old-FET transistor can also be used to check the accuracy
determination of the four noise parameters (NPs) [3]: min-Of the noise figure setup [11]. However, the common-gate
imum noise figure, fin, Noise resistance,R and the mag- Cold-FET configuration is not a common on-wafer FET con-
nitude and phase of the optimum reflection coefficiélhs figuration and its implementation requires additional techno-
(or the real and the imaginary parts of optimum admittancelogical steps. For example, a specific bonding to become the
Y opt=Gopt+jBopt)- The NPs depend on both the frequency andtransistor in common-gate configuration or a specific foundry
the bias point. design, are needed. For on-wafer transistors, the common-

The transistor NPs can be determined by using either thgource is the most common configuration, and therefore the

multiple-impedance technique (tuner method) [4-8] or themplementation of the common-source cold-FET configura-
fion is straightforward. Even though the common-source

Fso method [9,10]. The tuner method uses measures of nois Id-FET exhibi | ise fi 410 dB) [111 i
figure at different impedances presented at the input of th&0'Y” exhibits a large noise figure (aroun ) [11], it

device under test (DUT). This technique can be applied t an be used as noise verification standard, but not to check the
any two-port device. Thef method requires the knowledge accuracy of the noise figure setup (especially, when noise fig-

of the transistor noise model, and only needs measurements® va_luiﬁ_less trllan 2 dB have to be meﬁfggg)' !;?r thtesfe rea-
of the transistor noise figure when its input is loaded withS2NS: IN IS work a common-source coid- with gate for-

a broadband load near 50 ohms. To minimize errors in th ard biased is proposed to validate the noise figure measure-
noise parameters extraction the, Fnethod uses frequency ments and the noise parameters of on-wafer transistors only.
redundancy. Therefore, errors in the measurements of noi ke the common-gate cold-FET, the common-source cold-

figure and reflection coefficient preclude the correct determi;, ET eXh'b'_tS m|smatches close to an active dewc_e, the_re_-

nation of the NPs. Therefore, high reliable measurements j}ore the.n_0|se figure measurements are performed in a simi-
noise figure and reflection coefficients are required. In thi ar condition. Furthermore, the perfor_m.ance of bqth the tuner

sense, noise verification standards are also sought after in cmethOd and thep method for determining the noise param-

der to validate the noise figure measurements of mismatche ers in the frequency range of 5-10 QHz.are validated using
devices. the common-source cold-FET as verification standard.

The common-gate cold-FET configuration has been pro- Itis important to comment that the common-source cold-
posed as a verification standard to check the accuracy &fET configuration under reverse bias has been used as noise
NPs [11-12]. The cold-FET in common-gate configurationsource [13-14]; but not as calibration element due to large
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noise level. By contrast, the common-source cold-FET under On the other hand, the common-source cold-FET’s noise

the forward bias behaves as attenuator it can be used to verifyarameters can also be computed from the S-parameters

noise figure measurements. through the correlation matrices, as described as follows. For
passive devices, the correlation matrix, in its chain represen-

. . . : AT - .

2. Noise figure and noise parameters of the @tionC™,is determined from [16,17] as
common-source cold-FET
M = AT, AfPA {70 4+ 2} PR, @
A common-source cold-FET configuration is proposed to
validate the measured noise figure and the noise parameters Where & denotes the Boltzmann's constant
extracted by the {5 and tuner methods. The common-source .
y the o (1.380%10°2% JK~1), T, is the standard temperature

cold-FET is implemented by using a common-source MES- . . ) )
FET biased with Vss >V, >0 (V4 is the “built-in voltage”) (290 K) andAf is the incremental noise bandwidth. The

and floating \bs (open drain). The procedure to obtain the superscript ” denotes the chnjugate t_ran_spoéle,, is the
noise parameters is described next room temperature (300 K" is the device impedance ma-

trix computed from its S-parameter measurements. Finally,
2.1. Computation of the passive device noise parameters P?A is the transformation matrix from impedance to chain

using S-parameters representation [17], given by
Since the common-source cold-FET is a passive element, its 1 Zn
noise figure is given by [15]: PZA _ Zn . ©)
F=1 ) 0 7m
where L are the device losses computed from the S-
parameters. The available gainds=1/L. The noise parameters can be derived fleiT [12,17],
|  since

Rn % (Fminfl) *RnYoT)t
= ATy Af : (4)
1 2
b (Fmin_]-) _RnYopt Rn |Y0pt|

AT AT
CAT _ Cii Cis

- AT AT
C31 Cs5

Then, from Eq. (4), the noise parameters are given as

R, = i ’ (5)  Which models the whole noise transistor behavior. Then,
AEToAf from the knowledge oCAT the noise parameters are com-
2 puted according to the procedure described next. It is im-
G — C35F _ Im (CﬁT) ©) portant to comment that, to the author’'s knowledge, noise
P\ CAT CAT ’ analysis of the common-source cold-FET applying thg F
technique has not been reported yet.
I'm (CAT) o -
Bopt = T CAT (7) The active region of the transistor, biased as a cold-FET,
1 is modeled as a Schottky diode in series with a channel
and resistance, whose impedance is denoted@'®s shown in
Foo=1+ 1 [CgT + CATY t] ) 8) Fig. 1(a). The smgll-signal gqui_valent circuit of the common-
2KToAf P source cold-FET is shown in Fig. 1(b) [18], where the noise
The asterisk denotes the complex conjugate. sources are also included. The parasitic elemenjs R,

Rs, Ly, La, Ls) are bias independent, while the active region
2.2. Determination of the noise parameters using the modeled byZ™ is bias dependent. The parasitic elements of
F5 technique the equivalent circuit are extracted according to the method

) ] ~ described by Reynosat al. [18]. Once the parasitic elements
In the 5o technique the noise parameters are determined;q known. the@™ is de-embedded.

from the knowledge of the device noise model and from the

measurements of its noise figure, at different frequencies, The noise sources of the intrinsic transistor are repre-

when a source admittance is connected to the input of theented as noise source voltaggs and &, where the for-

DUT [9-10]. The analysis of the noise equivalent circuit al- mer is associated to the gate-source terminal and the later is

lows us to determine the correlation matri€AT [10,16],  associated to the drain-source terminal. The intrinsic noise
sources g and g, are arranged into the correlation matrix
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where AG is the ABCD matrix of the gate networld &iS
(0g-0)Ren ORer is the ABCD matrix of the gate- intrinsic-source networks
T VVvV— andPZAiS s the transformation matrix from the impedance
nkTo/qles to chain representation of the intrinsic-source networks [17].
This matrix is given
- gaRch S matrix is given by
Z"“ . Ziz
i Z}
a) PZA]S — fl , (12)
0 zy
Gate network Intrinsec transistor Drain network .
G L R, el i oull o R, L whereZ'S is the impedance matrix of the intrinsic transistor
1 : in series wi e source network. uation can be ex-
] O th th twork. Equation (11 b
‘ ressed as
AP P AT_ ~AEXT , ~AINT
cH=C +C ; (13)
with
Source network
CAEXT_ A GiSAD (AGiS)T
; cAT
b) Ls 1+ AGPZAIS(ZS (AGPZAiS)T L CAG (14)

FIGURE 1. Common-source cold-FET: (a) Equivalent circuit for gng

the intrinsic transistor. Notex, anda are the factors related to the

gate-source current distribution, and to the gate-drain current dis- CAINT_ A GpZAiS(Zint (AGPZAiS)T ) (15)
tribution, respectively. At low current values, =1/3 anda =1/2.

R.r is the channel resistance, n is the ideality factor and q is the
electron charge. (b) Total electrical equivalent circuit, divided in
networks and including noise sources.

The extrinsic noise correlation matri€2EXT includes
the whole effect of thermal noise associated to the extrinsic
elements, and this contribution can be determined as long
denoted a€Zi"t. The noise contribution of the parasitic ele- @S their values are known. The intrinsic correlation matrix,

ments is modeled by means of the noise source voltaggs e NT represents noise generated in the intrinsic transistor.

era and ey, associated to the gate, the drain and the sourcehe contribution of the Schottky diode shot noise can also be
parasitic resistances, respectively. included by adding a current source noisgd) in parallel

. —2 .
To obtain the total correlation matrix, the equivalent cir- to the diode. The spectral densityo: , can be determined

cuit is divided into four networks, as shows in Fig. 1(b). from low frequency noise measurement, and is considered as
To model the noise contribution of the intrinsic transistor,@n extrinsic noise source [10]. According to the procedure
the impedance matrix representatio#™™t is given by: described before (from Eq. (9) to (11)), the total shot noise
o _ _ correlation matrix is given by:
Czint 635 egse:(ls Ilnlt Cllnzt (9) T 0
= _ = . . A GpZAiS | €shot GpZAiS\T
€gsChs €3 cntoon Csnot= AP l 0 0 1 (ASPZAS)T - (16)

Next, the correlation matrix associated to the source network,

€28 is added taCZint; Where - —
€2 = | Zdid|” i3
Zis Zint zs shot did| ’shot
C™7= CT4+C™, (10) Zgiq is the diode impedance Zgiq = ’;’}GT;’) and
where C%8 = 2kT,Af (Zs +Z; , Zs being the ?hmz = 2qlgs. Then, if the shot noise is included in the

impedance matrix of the source network. Then, the matri€duivalent circuit, the shot noise correction matsnos
CZiS js transformed to the chain representation and the gatghould be added to the Eq. (14). In the same way, the Eq. (2)
and drain noise contribution represented by @85 and defines only the cold-FET thermal noise contribution (con-

CAD (orrelations matrix are added. Therefore. the correSidering as passive device); if the shot noise is considered,
lation matrixCAT is defined as Cqhotis added to Eq. (2). The shot noise contribution in the

noise figure will be discussed at the results section.

CAT= AGISCAD (AGiS)T It is important to comment that the cold-FET configura-
G ZALS i cozais | tion can be represented by two Schottky diodes: one due to
+ACPEASCHNt (AGPAAS) the gate-source contacts and the other one due to the gate-
drain contacts. Then, th8s.t should be redefined consider-
GPpZAIS(ZS [ A GPZAiS\T | ~AG » 1 Eshot
+A”P C*® (A®P ) +C°%, (11) ing the two shot current sources noise, one associated to the
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gate-source Schottky diodé& (<) and the other one asso- and

ciated to the gate-drain Schottky diodg,(,sp) [14]: P = AGPZAIS, (21)
. i Zint ; it i inty — inty —
Cero= ACPZAISZ. H Since theC#'™* is an Hermitian matrix, In(y}) = Im(C33) =
o o 0, G = (CI)” andC'y = Re(CI) + jim (C1), Eq. (19)
2 . becomes
X l ZShOtGS > 0 ] (AGPZAISZintHO)T . (17) .
0 shotGD Cinlt
—2 —2 A; = [M;1 Mis M;z M, Cl2n2t 22
Whereishotcs = 2qlcs andisnotgp = 29/gp, Ho is i = [Mix Miz Mis Mia] Re(Cy | (22)
the conversion matrix from ashotGS — ishotGD™ noise- Im(CI1)
source configuration to an admittance noise-source configu-
ration [14], andZ; is the impedance of the intrinsic device. Where
However, since in this work the floating drain-source config- Mo — (P12 21712 [P 2
uration is considered,sp = 0 and the Eq. (17) is reduced it = |[Pul”+ 12" [P
to (16). _ + ZyiPfyPoy + Z P11 Py (23)
As mentioned early, since the common-source cold-FET ) ) )
is a passive devic€Zint and thereforeCATNT  can be de- Miz = |Pia|” + [ Zgi|” | Po2|
H int H
termined from the knowledge @&'*. Moreover, to validate + ZyiPlyPy + 2 PPy (24)

the Ryotechnique we assumed that the element€6ft are
unknown, and they can be computed from the noise figure by M;3 = 2Re(Py1 P}y) + 2 IZgiIQ Re(Py1 Pyy)
using [16]:
+ 2RE(Zy iP5 Po1) + 2RE(Z ) P11 P3,) (25)
1

1
=14
Ik ToRe (Z,) Af

F 1 Z,]-CAT. [ z: ] (18)  and

whereZ, is the impedance value of the load presented atthe M,y = —2Im(Py1 P)y) — 2 \Zgi|2 Im( Pz Pyy)
input of the DUT. The noise figure is measured for fxe-
guency points. Substituting Egs. (13) and (15) into Eq. (18),
it follow

—2Im (Zgin2P21> —2Im (Z;ZP11P2*2) . (26)

Equation (22) has four unknowns, so at least four fre-

_ Zint 1 guency points are needed to solve the system. When N,
Ai=[124] P-C Pt { Z3; ] ’ (19) the system is redundant. On the other hand, the elements
o of CZ" can be modeled by a frequency dependent L-order
with i=1,.., Ny, and polynomial:
L
Aj = 4kToRe(Zy i) AfIFi — 1] Cin=>_ Chnf}, (27)
=0
AEXT 1 . . . . .
—[1Z4]-C : [ z:, ] ; (20)  wherecint refers toCit, Cit, Re (C1%) or Im(C1%). When
L=1, and substituting (27) into (22), the following matrix
| equation results:
[
oty
Ay My, M fr Mo M fr M3 Mis fr M4 My fr cy,
: : : : : : : : : oL
Ay | =| M M1 fo Mo M2 fo M3 M;3 fa My M;a fa Re(Chs)" (28)
. . . . . . . . . 12)
: : : : : : : : : Re(Ci)!
ANf MNf1 MNflfo MNf2 ]\/[NfoNf MNf3 MNf3fo MNf4 MNf4fo Im(C’ )O
12
|m(012>1

Since Eq. (28) is not a square matrix, an analytical solution does not exist. To solve Eqg. (28) a humerical optimization

method is then required.
The optimization’s goal is to minimize the error functianso, defined as,
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Nf
1 _
EF50 = N, <Z ’ (M + My fi) CTY
i=1

+ (Mis + Mia f;) O3 + (M3 + Mz f;) Re(CS)

1/2
+ (MZ‘4 + Mi4fi) |m(Ci1n2t) — 2) , (29)

Ay

whereA; is computed from Eq. (20).

The initial values are obtained as follow,, Re(C15)°

and |n’(012)0 are computed applying the pseudo-inverse to

B. E. FIGUEROA REENDIZ, M. C. MAYA SANCHEZ, AND J. A. REYNOSO HERMNDEZ

2.3. Determination of noise parameters applying the
tuner technique

In order to verify the correct extraction of the noise pa-
rameters we compare the results obtained with the proposed
method with the results obtained using the tuner technique.
Noise parameter extraction based on the tuner system uses
the measure of the noise figure under different input admit-
tances (at least seven different admittances). The noise pa-
rameters are determined from the solution of the noise figure
equation defined as function of the noise parameters and of
the source admittance, which is given by [3,4]

F(Yy;) = Fmin
(28), Q) is determinled fromCY; = 4kT,R&(Zint (1,1)) (¥y5)
[10], andC1,, Re(C12) ", Im(C2) " andCt, are equal to zero. Ry GGV 4 (B —Bo)? 31
The optimization order isCY,, Cly, CO, CL1, REC12)°, i Gyi [( 93~ Gop)” + (By 5~ Bow) } (31)
Re(C12) ", Im(Cy2)", and ImM(C12) . This order has been B L )
established after observing how the variationg(fi»+ el- where Yy; = Gy;+By;, with j=1,..., Ny, and N is the num-

ements affect the behavior of the noise parameters. Besid

the following restrictions are taken into account in the opti-

mization process:

Jer of points of Y, at which F is measured. Equation (31)

can be rewritten, according with the Lane method [4], as:

C+ B(By;)’ + DBy,

) ) F(ng) = A+ BGy; + a. . , (32)

Cli >0, Cyy >0, 93

- where
_ Cry
0< |p= e p— <L (30) Fpin = A+ \/4BC — D2, (33)
’Oll |C22|
Rn = B; (34)
Once CZ"t has been determined, the noise parameters D

are computed fronCAT (see Egs. (13)-(15) and (5)-(8)). Bopt = 55+ (35)

—

——

/] |
VNA HP 8510C K | I |
Oooog I
D |:| D |:| Spectrum Analyzer
CERE BB HPT0000
I R |
Ooooagd -
| @ oo
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O G C D oooo
1-‘i.'\ i'R o alo o
o
3 o|0o|0O © 0 O o)
SWT1 i SWT2
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— o—1
i el
-ta T-poit  ® Thru @ Tpoz o —
ﬁ Tuner . ;
NS b ’ :
0 1"—‘ Is 2"—‘ i
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~ I ~
Input network Coplanar Noise receiver

microwave probes

FIGURE 2. Noise figure measurement system.
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FIGURE 3. a) Noise figure and b) noise parameters of the receiver.
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and noise must be calibrated according to the procedure described
Gopt = VABC — D2. (36) in [19]. While the system noise calibration is performed, a
2B ) _ thruis connected at the coplanar planes (1-1'and 2-2’) instead
The A, B, C and D parameters can be obtained by applyings the DUT. A coaxial HP346C noise source (NS), connected
the least square method. at the 0-O’plane, is used to calibrate the noise system. In Fig.
3(a)-(b) the receiver’s noise figure and its noise parameters
3. EXperimentaI results are reported. The noise figure is measured with the NS at
cold-state [19]. It is important to mention that the isolator is
3.1. Noise figure setup used to avoid reflection between the DUT and the noise re-

h dth ise fi fthe devi q ceiver. A possible inconvenient of using an isolator is that
The S-parameters and the noise figure of the device under tegfe, measurement frequency range s fixed by the operation

have been measured from 5 to 10 GHz using the experimeri‘fequency of the isolator. This is the reason why the noise

tal setup shown in Fig. 2. The setqp cons!sts of a vector netﬁgure measurements shown in Fig. 3(a)-(b) increase at fre-
work analyzer (VNA), a probe station, an input network andquencies greater than 9 GHz.

a noise receiver. The VNA (HP8510C) is used to measure the

S-parameters of the device under test (DUT), and the reflec-

tion coefficients of the source, the receiver and the device in3.2. Common-source cold-FET noise figure and noise
put (denoted ab s, I' andl’;,,, respectively). The on-wafer parameters

probe station (SUMMIT-9000 from Cascade-Microtech) is

used as a test fixture for inserting the DUT. The input net-An on-wafer MESFET, featured by a 0/2n gate-length
work consists of one switch (SWT1) to select the DUT in-and a 260 um gate-width, has been used in our investiga-
put connection between the VNA or the tuner input, a tuneition. The MESFET has been biased as common-source cold-
(focus iICCMT-5020-TC), the ¥y bias-tee, and a coplanar FET, with floating drain, and ¥s = 0.76 V and ks=5 mA.
microwave probe for connecting the DUT input. The noiseAccording to the results reported by Reynasioal. [18],
receiver consists of a spectrum analyzer (SA) (HP70000 sdhe floating drain configuration overcomes the inconsisten-
ries), a low-noise amplifier (LNA), one switch (SWT2) to cies between DC and RF techniques to extract the parasitic
select the output DUT connection between the VNA or theresistances and the equations involves are an extension of
LNA input, an isolator, the Vs bias-tee, and a coplanar mi- those presented by Dambrimé al. [20]. From the mea-
crowave probe for connecting the DUT output. All measure-sured S-parameters, shown in Fig. 4, it can be seen that
ments are controlled with an external PC via GPIB and Eththe common-source cold-FET is a mismatched device (return
ernet. Prior to measure the device noise figure, the systetass> 10 dB) with 14 dB of transmission loss.

-5 -13
o -135
—
e -14
O -14 5IPEHIEEE I,
56 7 8 9 10 %6 7 & 9 10
Frequency (GH2z) Frequency (GHz)
-13 -6
& -13.5
©
= -4
N _
o st SEEANCAO OO
i 6 7 8 9 10 < 6 7 8 9 10
Frequency (GH2z) Frequency (GHz)

FIGURE 4. S-parameters of the common-source cold-FET biased wir®.76 V and £s=5 mA, measured (0) and calculated (=) using the
equivalent circuit elements.
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17

TABLE |. Equivalent circuit elements of the common-source cold-

FET, biased with s=0.76V and s=5mA 16

R, () 3.47 L, (pH) 49.05 15

Rs (©2) 9.19 Ls (pH) 3.34

Rq () 11.85 Lq (pH) 76.46
Ideality factor (n) 1.28

N

-

se Figure (dB)

The elements value of the equivalent circuit, are extracted 8
according to the method described by Reynesal. [18],
are given in Table I. In Fig. 4 the S-parameters measured
and calculated using the equivalent circuit are compared anc
good correlation is observed. 10
Theoretical values of the common-source cold-FET noise S 6 7 8 9 10
figure have been computed by applying Eq. (1). The noise Frequency (GHz)
parameters have been extracted with both the &hd the
tuner techniques. To apply the tuner method, different adF/GURE 5. Noise figure of a common-source cold-FET (bi-

mittance values (N >7) have been used to reduce the mea-25€d with \6s=0.76 V and bs=5 mA): measuredI(), calcu-
surements errors [4-8]. lated by using S parameters (Eq. (1)) (), and calculated by us-

. . . . ing CATwithout shot noise (Eq. (2)) (x), and with shot noise
To verify the noise figure measurements, the experlmen(Egz1 37)) (0) (Ea. (@) ()

tal common-source cold-FET noise figure is compared with
the noise figure predicted by Eqg. (1), and the comparison
is reported in Fig. 5. The noise figure has been measure
under matched input admittance%02) condition. The the-
oretical noise figure shows a small ripple which is produce
by mismatches of the DUT input. At frequencies lower than
8 GHz, the measured noise figure shows a good agreement Noise parameters determined with thg fihe tuner tech-
with the theoretical results. Due to the isolator performanceflique and the computed from the correlation mat@®™
at higher frequencies the experimental noise figure exhibits §£9s. (2)-(8)) are reported in Fig. 7. Itis observed that the
ripple whose value oscillates arousdL dB. This ripple fixes ~ Noise parameters computed by, fare similar to those pre-
the accuracy Of the measurements. d|Cted by the S-pal’ameters. On the Other hand, the noise
In order to investigate the shot noise contribution in theParameters extracted with the tuner technique show a rip-
noise figure of the common-source cold-FERT is calcu-  Ple. The ripple in K, is +£0.5 dB at frequencies lower

D (obtained from measurements of S-parameters). Notice
at the values of2Zi*t determined from f, method pre-
Gdict the experimental data &%t calculated by using the
measured S-parameters.

lated including the shot noise contribution as follow: than 9 GHz and the ripple becomes larger as the frequency
AT A (oD oDl wzAl increases. The ripple in,Ris £13Q at frequencies lower
C™" =2kT,AfP {Z +Z }P than 8 GHz, and increases at higher frequencies. The ripple

—— in the phase of the optimum reflection coefficienti8 de-
+ AGPpZAIS [ €shot 0 } (AGPZAiS)T . (37) grees. Itis important to mention that the mean values of the
0 0 noise parameters extracted with the tuner method are in good
The results of the noise figure calculated with (18) byagreement with both the calculated value using S-parameters
using (2) and (37), respectively, are reported in Fig. 5.and the computed value usinggF According to the results,
The noise figure calculated including the contribution of shotwe can conclude that the tuner technique is more sensible to
noise is identical to the noise figure calculated consideringneasurement errors than thg Fechnique.
only the thermal contribution. Both results agree with the  Ngjse figure has also been determined from the noise pa-
noise figure calculated by using S-parameters. rameters extracted with both thgoRechnique and the tuner
The k5o method was applied considering only the ther-technique. The results are plotted in Fig. 8. Furthermore,
mal noise contribution, since the shot noise does not havg comparison of the noise figure computed from the S pa-
a significant effect on the noise figure. In Fig. 6 rameters (Eq. (1)) with those determined from the noise pa-
are reported the values of the intrinsic correlation Maameters is also reported in Fig. 8. It should be noticed that
trix (C#"*) computed by using the 55 method and the noise figure determined with the tuner and therReth-
they are compared to experimental data calculated frorggs agree quite well with the noise figure computed from the
Zint (CZi“t = 2kT,Af {Zi“t + Zi“tf}). It is important  S-parameters up to 8 GHz. At higher frequencies the tuner
to comment thaZi™t is determined after performing a de- results show a significant ripple, which is associated to the
embedding of the parasitic elements to the impedance matrigxperimental noise figure, as mentioned before.
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FIGURE 6. Elements of the intrinsic correlation matrix: (=) computed frogp &nd by using (0) the S-parameters.
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FIGURE 7. Common-source cold-FET’s noise parameters: theoretical (computed from the S parameters (-)) and extracted;w(th)the F
and tuner (o) techniques. The cold-FET has been biased wih0/76 V and £s=5 mA.
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Noise Figure (dB)

FIGURE 8. Noise figure of the common-source cold-FET (biased
with Vgs=0.76 V and §s=5 mA): computed from the S parameters
(Eg. (1)) (=), and by applying the results of the noise parameter
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determined with the £ (A) and the tuner (o) techniques.

4.

Conclusions

traction of noise parameters of on-wafer devices. Since the
common-source cold-FET behaves as a passive device, its
noise figure and noise parameters can be directly computed
from its S-parameters. The experimental noise parameters
have been extracted using the tuner ang fethods. A
good correlation between the measured and calculated noise
figure of the common-source cold-FET is observed. Simi-
larly, the experimental noise parameters agree with the noise
parameters computed with the S-parameters. Furthermore,
the shot noise contribution on the common-source cold-FET
noise figure has been investigated. Our results indicate that
the shot noise contribution is not significant. Finally, these re-
sults demonstrate that the common-source cold-FET can be
Sused to validate the noise figure measurements and on-wafer
transistor noise parameters extraction.

The S-parameters of a common-source cold-FET have been
used to validate the noise figure measurements and the ex-
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