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Abstract—An extraction method to obtain the induced gate noise internal part
(22), channel noise ¢3), and their cross correlation @¢,:}) in sub- Fm— = 1
micron MOSFETs directly from scattering and RF noise measure- G Rg : 3 Cop 4 : Rp D
ments has been presented and verified by measurements. In addi- | { '
tion, the extracted induced gate noise, channel noise, and their cor- 1 | C—_L + | 2
relation in MOSFETSs fabricated in 0.18-xm CMOS process versus [ s ‘iGS [
frequencies, bias conditions, and channel lengths are presented and > ' (D (D % '—Cps
discussed. G :3 R, RpsTS : i
. . o Cer s Im\VGs i
Index Terms—Channel noise, cross-correlation noise, induced T P i — N— B _
gate noise, noise of MOSFETSs, RF noise extraction. 3’ 4 R % idg
DB
i Rs% Csg ,
. INTRODUCTION v l T 2
URRENTLY, there is a trend to replace RF ICs with BJTs S/B Ym = 8mx(1-j00T)

and GaAs FETs with deep submicron MOSFETs which
have unity current—gain frequencieﬁro of several tens of gi_ F_ig. 1. RF noi;e _model_ of‘ an intrinsic MOSFET that is suitable for
gahertz [1]. However, for many RF ICs, low noise performamﬂégh'frequency circuit applications.
is very important. Therefore, RF noise modeling of deep sub-
micron MOSFETSs is very important for devices used in thmeasurements is presented. With the help of the direct calcu-
front-end transceivers. When transistors operate in the gigaheation technique [5], [6] for the noise parameters of transistors,
range, the random potential fluctuations in the channel resultitige extracted noise currents are fed back to the equivalent noise
in the channel noise will be coupled to the gate terminal throughiodel to calculate the noise parameters—minimum noise figure
the gate oxide capacitance and cause the induced gate nQisg,,;,,, equivalent noise resistandg,, and optimized source
which is usually correlated with the channel noise. Becausereflection coefficient"opr—and to compare them to the mea-
the difficulties in the extraction of the induced gate noise and isired data for the verification of the extracted noise sources.
correlation term with the channel noise, several noise modelfer that, the extracted noise currents of the MOSFETSs fabri-
[2], [3] and simulation results [4] have been presented, but thegited in a 0.1§:m CMOS process versus frequency, bias con-
could not be verified directly with the noise sources obtainatition, and channel length are presented and discussed.
from RF noise measurements for deep submicron MOSFETS.
Therefore, obtaining the noise currents directly from RF noise
measurements is crucial for the high-frequency noise modeling Il. PROCEDURE OFNOISE EXTRACTION

of Ideip submicron MOSFE_TS' q he ind CL:ig. 1 shows the noise model of an intrinsic MOSFET that
nt IS pz;_per, a systemgﬂcfproce ure _to extract the INUGES%itable for RF applications. It consists of two parts: an in-
gate n0|sez§), channel noiseif), and their cross correlat|onternal part (includingcs, Cap, Rir gms Rps, E andg) and

(¢523) directly from theS-parameter and RF noise parametel,, oyiernal part which includes all the components outside of

the dashed box. After the devices and dummy structures, as de-
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Step 3) Perform a parameter de-embedding to get the whereT is the device temperatur®() denotes for
intrinsic scattering Y qevv) @and noise parameters the real part of the matrix elements and partition
(N-Fmin,devv Yropt,deva anan,deV) [7]! [8] CYextr as

Step 4) Perform a parameter extraction [9] base® qg.,
and other measured data to get all the element C — [Cee C”} (8)

. . Y extr C: C.:
values (e.9.g.., Cas, Cap, €tc.,) in the RF noise te w
model. where the submatrixe8.., C.;, C;., andC;; are

Step 5) Calculate the correlation matéy , .. of the tran- 2 % 2 matrixes.
sistor based on the intrinsic noise parameters by (1),Step 11) Calculate the admittance correlation matrix
shown at the bottom of the page, whéres Boltz- Cy,., Of the intrinsic part in the RF transistor
mann’s constant/’, is the standard reference tem- model from
perature (290 K), and the asterisk denotes the com-
plex conjugate. Cy e =Di(Cy g, — Cee) D'

Step 6) Calculate the four-port admittance ma¥fig., of —c,.D;f —D,C.; —C; 9)
the extrinsic part in the RF transistor model by ex-
cludingCas, Cap, gm, Rps, andR; which define whereD; = D"
the intrinsic part and partitiol ex, as [10] Step 12) ConverlYs,, to its chain representatiod;y,s,

using the conversion formula (10), shown at the
Y., Y. bottom of the next page.
Yoxtr = |:Yie Yiz} @) Step 13) ConverCy, .. to its chain matrix formC 4, .
by using
where the submatrixe®g.., Y.;, Y;., andY;; are
2 X 2 matrixes. C finir = TaC¥ 1T (1)

Step 7) Calculate the two-port admittarkg,, of the in- whereT’ is given by
trinsic part in the RF transistor model.

Step 8) Calculate the matri& as follows: T, = {0 Al&intr} ) (12)

1 A22,intr
D=-Y (Yi+Yinu) " (3)  Step 14) Calculate the noise paramet®iBy,iy, Yopt, and
R, of the intrinsic part in the RF transistor model
Step 9) Convert the noise correlation maifby , . to its from the noise correlation matri 4. . by using

admittance fornCy,, . by using

_ il
CYdev - TYCAdevTY (4)

(13)—(15), shown at bottom of the next page, where
J() stands for the imaginary part of elements and
7 is the imaginary unit.

Step 15) Calculate the power spectral density of the channel

where thef in Tgf denotes Hermitian conjugation

noisei3, induced gate noisé, and their correlation

(transpose and complex conjugate) and the trans- 15t from
formation matrix7'y- is given by W
A—f :Mff‘ro-Rn|Y'21,int1f|2 (16)
_Yil dev 1 T
T = ? . 5 s 12
Y |:_Yél,dev 0:| ( ) % I4]€T0Rn
Step 10) Calculate the admittance noise correlation matrix 2 2
. . X |Y;1)t| _|Hl,1ntr|
Cy i, Of the extrinsic part by [11]
+2§R Y] in.r_Y:‘,or Y* intr } 17
CYextr = kT(YGXtP + ijtr) (6) [( Home ) Home ] ( )
and
or
CY ir = 2ETR(Y oxtr) (7) i—; =ARTo (Vitinte = Yeor) BnY 2 ines (18)
N-Fmin dev — 1
Rn ev 7—_Rn ev Y;) ev*
Cpre = 2T, ’d 2 dov(Yoptdev) 1
Adev ° NEnin,dev -1 ( )

9 - Rn,devy;l)t,dev

Rn,dev |Y;1)t,dev |2
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Fig. 2. Drain currentIps) versus gate voltag®s characteristics for the
n-type MOSFETSs with channel widtd” = 10 x 6 um (10 fingers of width
6 um) and lengthd. = 0.97 pm, 0.64pm, 0.42pm, 0.27pm and 0.18:m,
respectively, biased at a drain voltaggs = 1.0 V.

Fig. 3. Drain currentlps) versus drain voltag&ns characteristics for the
n-type MOSFETSs with channel widti” = 10 x 6 xm (10 fingers of width 6
pm) and lengthd = 0.18 ym biased at gate voltagés = 0.8 V, 1.0V, 1.2
V,1.4V,16V, 1.8V, and 2.0 V, respectively.

whereY,, is given by P V=10V
E v’""'\v
NF.. —1 € ) v W=10x6um
Y::0r = K)]dt- (19) ‘: b \
2R, B / v L=0.18um
Q 30+
% T e
2 ~
[l. M EASUREMENTS ANDDISCUSSIONS = 20} ad ¢ 1=0.27ym
) ] (‘5 v ./ A A ’A_A—-A\A\ A
The devices-under-test (DUTs) anietype MOSFETSs with z w0k A .~ 4 L=0.42um
channel widthWw = 10 x 6 um (10 fingers) and lengths 5 A e e aa LL:g'g‘;”m
L = 0.97 um, 0.64;:m, 0.42:m, 0.27;m and 0.18:m, respec- gt . Aeadis
tively, fabricated by Conexant Systems, Inc., Newport Beach, 0.5 10 L5 20
CA. Measured data were obtained by using an ATN NP5B Vs (Volt)

Noise andS-Parameter Measurement Systems (08GHz). o ) o

All the parasitic effects from probe pads and intercormectioﬁg-1 f'f-o rtﬁgﬁyt}?;'e”h;gg"‘:‘?%ﬁt)h";:;‘;f]‘ej;Vlgt;}?ra‘:ctfgi"gz I:]()(Tér?}ﬁ]%iljr;ed
were de-embedded from the measusegiarameters using the of width 6 xm) and lengthd. = 0.97 zm, 0.64um, 0.42;m, 0.27.m and
procedure described in [7], [8]. Figs. 2 and 3 show the measu@tB.:m, respectively, biased &g = 1.0 V.

Ips versusVag and Vpg characteristics to demonstrate the

dc performance of the devices and Fig. 4 shows the unityln the extraction procedure, the element values used in the
gain frequency fr) versus bias characteristics for differenRF noise model are crucial to obtain the power spectral density
channel lengths. Th&gs bias at which the pealft occurs of the noise sources. They are directly obtained from the in-
reduces when the channel length reduces and this trend makiesic y-parameters [9]. Fig. 5(a)—(d) show the measure (sym-
MOSFETSs suitable for low power RF circuit designs. Theols) and simulated (lineg)parameters of an n-type MOSFET
measured peakr of the 0.18:m devices is about 45 GHz.  with channel widthW = 10 x 6 um (ten fingers) and length

-1 YéQ intr 1 :|
Ain r— o ! . 10
¢ Yé17intr |:Y11,intryé2,intr - YiQ,intrYQI,intr Yil,intr ( )
1 ~ 2

N-Fmin =1 + LT R (CIQA,intr) + \/CllA,intrOQQA,intr - (\5‘ (CIQA,intr)) (13)

\/CllA,intrCQQA,intr (S (CIQA,intr))2 + S (C124,inir)
Yot = and (14)

C(llA,intr
Ch1s intr

Rn _ 11A,int (15)

2KT,
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Fig. 5. (a) Measured (symbols) and simulated (lines) real pans,0éindy.. versus frequency characteristics for thtype MOSFET with the channel width
W =10 x 6 pm (ten fingers of width g:m) and length, = 0.18 pm, biased at’'bs = 1.0 VandVgs = 1.2 V, (b) measured (symbols) and simulated (lines)
imaginary parts ofj;1 andyz» versus frequency characteristics for theype MOSFET with the channel widti” = 10 x 6 gm (ten fingers of width G:m)
and lengthL = 0.18 um biased al/'ps = 1.0 VandVas = 1.2V, (¢) measured (symbols) and simulated (lines) real paris ofandy., versus frequency
characteristics for the-type MOSFET with the channel widf" = 10 x 6 um (ten fingers of width §:m) and length = 0.18 pm biased al’pbs = 1.0V
andVgs = 1.2 V and (d) measured (symbols) and simulated (lines) imaginary pagts @fndy.- versus frequency characteristics for the n-type MOSFET with
the channel width?” = 10 x 6 um (10 fingers of width G:m) and length”. = 0.18 pum biased at/ bz = 1.0 VandVgs = 1.2 V.
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Fig. 6. Transconductanceg.f) versus Vs characyeristics extra(_:ted Fig. 7. Output resistance (R) versus Vs characteristics extracted
from measured Re..) for the n-type MOSFETs with channel width fom measured Reo) for the n-type MOSFETs with channel width

W =10 x 6 um (ten fingers of width Gtm)_and Iengthi =0.97um, 064 yr—19x6 pm (ten fingers of width §:m) and lengthd. = 0.97 um, 0.64
pm, 0.42um, 0.27um and 0.18§:m, respectively, biased &5 = 1.0 V. m, 0.42um, 0.27um and 0.18:m, respectively, biased &bs = 1.0 V.

L = 0.18 um biased a¥/ps = 1.0 V and Vs = 1.2V based Similar fitting accuracies as that shown in Fig. 5(a)—(d) of the
ongn, = 284 mS,Rg = 575 Q, Rp = Rs = 1.75Q, u-parameters versus frequencies at all the gate biases shown in
Rps = 486 Q, R; = 90.6 Q, Rpp = 134 Q, Cgs = 68.5 fF, Figs. 6-9. _ _ _ _

Can = 30.6 fF, Cop 2 0.0fF, Cpp = 76.9 fF, Csp = 496 fF The gate resistancéi(;) used in the simulation for different
andr = 4.52 x 10~'% s. Figs. 6-9 show the extracteg,, channel lengths is obtained by

Rps, Cas, andCqp versus gate bias respectively, for devices Rasy - W

with different channel lengths. These extracted parameters give Rg = 302 L (20)
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Fig. 8. Gate-to-source capacitance€'cg) Versus Vas characteristics rig 11, Extracted induced gate noisg)(versus frequency characteristics for
extracted from measured (., ) for then-type MOSFETS with channel width he;,_type MOSFETs with channel widti” = 10 x 6 um (ten fingers of width
W =10 x 6 pm (ten fingers of width g:m) and lengthd. = 0.97 um, 0.64 ¢ pm) and length = 0.97 gm, 0.64pum, 0.42um, 0.27m and 0.18:m,

pm, 0.42pm, 0.27um and 0.18:m, respectively, biased &5 = 1.0 V. respectively, biased afps = 1.0 VandVgs = 1.2 V.
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Fig.9. Gate-to-drain capacitanc€s(y) versusiss characteristics extracted Fig. 12.  Correlation betweef andi2 (7,73 ) versus frequency characteristics
from measured Iify-) for then-type MOSFETSs with channél” = 10 X for then-type MOSFETS with channel widiH” = 10 x 6 um ten fingers of
6 pm (ten fingers of width §:m) and lengthd. = 0.97 um, 0.64um, 0.42  width 6 #m) and lengths. = 0.97 xm, 0.64x:m, 0.42p:m, 0.27m and 0.18

pm, 0.27pm and 0.18:m, respectively, biased &g = 1.0 V. pm, respectively, biased &k = 1.0 VandVgs = 1.2 V.
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Fig. 10. Extracted channel nois& versus frequency characteristics for theFig. 13.  Cross correlation coefficienversus frequency characteristics for the
n-type MOSFETSs with channel width” = 10 x 6 um (ten fingers of width n-type MOSFETSs with channel width” = 10 x 6 um (ten fingers of width
6 #m) and lengthd. = 0.97 um, 0.64um, 0.42um, 0.27pm and 0.18&m, 6 u#m) and lengthd = 0.97 um, 0.64pm, 0.42pm, 0.27um and 0.18:m,
respectively, biased af,s = 1.0 V and Ve = 1.2 V. The solid lines are the respectively, biased afhbs = 1.0 VandVgs = 1.2 V.
extracted channel noise based on the method in [13].

factory.; 11y = gm X Rpg) remains about the same at thigs
where Rgsg = 5.17 € andn is the number of fingers. In where the peak,, occurs.
Fig. 6, theVsg bias at which the peak,, occurs decreases asthe Based on the element values extracted fromytiparameters
channel length is reduced and this results in the shift of the peakd the measured noise parameters, Fig. 10 shows the extracted
fr shown in Fig. 4. Although the peal,, increases when the channel noise versus frequency characteristica-fiype MOS-
channel length is reduced, the output resistadgsf in Fig. 7 FETs with different channel lengths biasedat = 1.0 V and
decreases at the same time and this results in the amplificatigrs = 1.2 V. It is shown that the channel noise, in general, is
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Fig. 14. (a) Measured (symbols) and simulated (lines) minimum noise figife.(,, ) versus frequency characteristics for théype MOSFET with the channel
width W = 10 x 6 gm (ten fingers of width g:m) and lengthiL = 0.97 ym biased al’'bs = 1.0 V andVgs = 1.2 V. The solid line is calculated with all the
extracted noise sources and the dashed line is calculated using the Van der Ziel's model, (b) measured (symbols) and simulated (lines) esguresieterros
(R») versus frequency characteristics for tiype MOSFET with the channel wid” = 10 x 6 um (ten fingers of width :m) and lengthL. = 0.97 um
biased al’'bs = 1.0 VandVgs = 1.2 V. The solid line is calculated with all the extracted noise sources and the dashed line is calculated using the Van der
Ziel's model, (c) measured (symbols) and simulated (lines) magnitude of the optimized source reflection cogfisient)(versus frequency characteristics for
then-type MOSFET with the channel wid#¥ = 10 x 6 um (ten fingers of width §:m) and lengthL. = 0.97 ym biased al bz = 1.0 VandVgs = 1.2 V.
The solid line is calculated with all the extracted noise sources and the dashed line is calculated using the Van der Ziel's model and (d) meassjeth(symb
simulated (lines) angle of the optimized source reflection coefficiefit(pr) versus frequency characteristics for inéype MOSFET with the channel width
W =10 x 6 um (ten fingers of width gim) and length. = 0.97 um biased at'bs = 1.0 VandVgs = 1.2 V. The solid line is calculated with all the extracted
noise sources and the dashed line is calculated using the Van der Ziel's model.

frequency independent and increases when the channel lergtigths. In generak; is frequency independent and decreases

decreases. The solid lines in Fig. 10 are the extracted channbEn the channel length decreases. This is an opposite trend to

noise based on the method in [13] which provides an alterrthe simulated results in [16], [17], but is in agreement with the

tive way to verify the channel noise extracted by the proposéueory in [2]. [3].

method. The small increase in the channel noise at low frequenin order to verify the accuracy of the extracted noise sources

cies for deep submicron devices might be caused by the inacand compare the simulation results against the measured data

racy of the measurement system at low frequencies. and those based on van der Ziel's model [14] which is sug-
Figs. 11 and 12 show that the induced gate noise and the agested for long channel devices, Fig. 14(a)—(d) show the mea-

relation term are proportional t¢? and f, respectively where sured (symbol) and simulated (lines) noise parameters versus

/ is the operating frequency (solid lines in the figures). In addirequency characteristics by using the technique described in

tion, when channel length decreases, both the induced gate n{#$g[6] for the n-type MOSFET with the channel widtV =

and the correlation term also decrease because of the decreasé of 6 xm and lengthL, = 0.97 um biased al/ps = 1.0V

Cgas, as shown in Fig. 8. Another useful parameter that is usadd Vs = 1.2 V. In these figures, the solid lines are the sim-

to describe the relationship between the channel noise, inducdated results based on the extracted noise sources (solid lines

gate noise and their correlation is the cross correlation coeffi- Figs. 10-12) and the dashed lines are the simulated results

cientc which is defined as based on van der Ziel's model in which the spectral density of

the noise sources are given by

ig1h
c=—F—. 21 —
L_QL_Q ( ) 1(21 :Wsatn4kngo (22)
¢ = w3C?
) ) o 12 =bsatndk T 2 and (23)
Fig. 13 shows the extracted cross correlation coefficiemetrsus 9do

frequency characteristics for the devices with different channel E —€eaindkTjwC, (24)
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Fig. 15. Channel noiseif) versus bias characteristics for thetype Fig.17. Noise correlation betwe&handi2 (7,7;) versus bias characteristics
MOSFETSs with channel widthl” = 10 x 6 um (ten fingers of width §:m)  for then-type MOSFETSs with channel widt” = 10 x 6 zm (ten fingers of
and lengthsL. = 0.97 pm, 0.64um, 0.42pm, 0.27 pm and 0.18um,  width 6 2m) and lengthd, = 0.97 zm, 0.64xm, 0.42um, 0.27um and 0.18

respectively, biased s = 1.0 V. um, respectively, biased & = 1.0 V.
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Fig. 16. Induced gate noisego versus bias characteristics for thetype
MOSFETs with channel width})” = 10 x 6 um (ten fingers of width .:m)
and lengthsL. = 0.97 gm, 0.64 um, 0.42 um, 0.27 pum and 0.18um,
respectively, biased atps = 1.0 V.

Fig. 18. Cross-correlation coefficient versus bias characteristics for the
n-type MOSFETSs with channel width” = 10 x 6 pum (ten fingers of width

6 um) and lengthd. = 0.97 pm, 0.64um, 0.42m, 0.27pm and 0.18:m,
respectively, biased af,; = 1.0 VandVgs = 1.2 V.

wheregg, =12.5mS,2/3, dsatn = 16/135, €satn = 1/9, C, = 3.0x10%

C, = 3Cgs/2 andw = 27 f It is shown that the extracted noise
sources, in general, give a good noise prediction. However, van 25x102f L=097um
der Ziel's model predicts loweN F,,;, and R, and this might W=10x6um
be caused by not including the channel noise and induced gate E 2.0x107
noise contributed from the velocity saturation region [3], [15] . Vpe=lOV
because of the assumptidfr. = oo where E¢ is the critical 5 1sxa0®r F Vpg=1.2V
. S L . N 1V =15V
field. This is currently being investigated. [N~ TS
: - ~ 10x10%} “ Vp=1.8V

For the bias dependence of the extracted noise sources, V=20V
Figs. 15-18 show the3, i2, 4,4, and c versus bias char- 500167 , , bs
acteristics for then-type MOSFETs with channel width s 1.0 1.5 2.0
W =10 x 6 um and lengthd, = 0.97 um, 0.64m, 0.42;:m, V, (Volt)

0.27um and 0.18:m respectively, biased &g = 1.0 V. Itis

shown that? andi 7 have a strong bias dependence and theyy. 19. Channel noiseq versusi/cs characteristics for the-type MOSFET
increase the tend to saturate wHeégs increases, bu:t_g has a witrlchanr}elwidtﬁff = 10 x6 um (ten fingers of width g:m) and Iengtr_L =
weak bias dependence. On the other hand, the cross-correlatign’™ biased al/ps = 1.0V, 1.2V, 1.5V, 1.8V, and 2.0V, respectively.
coefficientc decreases wheligs increases and it follows the
trend predicted in [2]. .

Finally, Figs. 19 and 20 show the extract@dand% versus A general direct extraction procedure of the induced gate
Vas characteristics atpg = 1.0V, 1.2V, 1.5V, 1.8 V, and noise, channel noise and their correlation in MOSFETs from
2.0 V, respectively. It is shown that both of them have a wedke on-wafer scattering and noise measurements has been pre-
Vps dependence in th&pg region discussed and this mightsented in detail and verified with measurements. In general, the
be because the effect of the channel length modulation is mbannel noise? is frequency independent and increases when
prominent in these devices, as shown in Fig. 3. the channel length decreases for all bias conditions at a fixed

IV. CONCLUSIONS
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1.5x10% ¢ [11] R. Q. Twiss, “Nyquist's and Thevenin's theorems generalized for non-
reciprocal linear networks J. Appl. Phys.vol. 26, pp. 599-602, May
~ 1955.
E v//V [12] C. H. Chen, M. J. Deen, M. Matloubian, and Y. Cheng, “Extraction of
“g, 1.0x10%°F " %a‘gg;%%?ééw the induced gate noise, channel thermal noise and their correlation in
g g%lji oW Y S submicron MOSFET's from scattering and RF noise measurements,” in
$ ¢ 8V =10V Proc. IEEE ICMTS 2001Kobe, Japan, March 19—22_, pp. 131—135_.
E TS [13] ——, “Extraction of the channel noise current in deep-submicron
5 sox10™f 1=097um —o—:V =12V MOSFET’s,” in 30th ESSDERC'200@Cork, Ireland, Sept. 11-13, pp.
o W=10x6um —A—V =15V 508-511.
|N<“ # ——:V ~1.8V [14] A.van der Ziel Noise in Solid State Devices and CircuitsNew York:
o~ F—:V_=2.0V Wlley, 1986.
0.0 ) A LS [15] D. P. Triantis, A. N. Birbas, and D. Kondis, “Thermal noise modeling
0.5 1.0 1.5 20 for short-channel MOSFET'sJEEE Transn Electron Devicesol. 43,
V. (Volt) pp. 1950-1955, Nov. 1996.
[ [16] S. Donati, M. A. Alam, K. S. Krisch, S. Martin, M. R. Pinto, and H. H.

Vuong, “Physics-based RF noise modeling of submicron MOSFET's,”

Fig. 20. Induced gate noiseZ) versusVus characteristics for the-type in IEDM Tech. Dig, 1998, pp. 81-84. o
MOSFET with channel widt#}” = 10 x 6 um (ten fingers of width 6:m) [17] J.-S. Goo, C.-H. Choi, F. Danneville, E. Morifuji, H. S. Momose, Z. Yu,

and lengthl, = 0.97 um biased aVps = 1.0V, 1.2V, 1.5V, 1.8 V, and 2.0 H. lwai, T. H. Lee, and R. W. Dutton, “An accurate and efficient high
V, respectively. ‘ ' ' ' ' frequency noise simulation technique for deep submicron MOSFET’s,”

IEEE Trans. Electron Devicesol. 47, pp. 2410-2419, Dec. 2000.

Vis. However,i2 andi,, are proportional tgf2 and f, respec-
tively, which agrees with the theoretical prediction and they both
decrease when the channel length decreases because of th
crease 0fCqs. In the case of the cross correlation coefficie
¢, itis frequency independent and decreases when the cha
length decreases. It was found thiatand i % have a strong
Vs bias dependence and they increase then tend to satu
whenVas increases, bu‘g has a wealk'gs dependence. In ad-

dition, both:2 and:2 have weak’prg dependences for device )
d
g For three consecutive summers from 1998, he was

in which channel length modulation by the drain bias is wea¥ with Conexant Systems, Inc., Newport Beach, CA.,
Also, van der Ziel's model predicts lowe¥ F,,;,, and 2, than where he was involved in the high-frequency noise characterization and mod-

the measurements. FinaIIy the extracted channel noise. indue#&@ of MOSFETs and BJTs. His current research interests are in high-fre-
' ) ency noise characterization and modeling of MOSFETs and low noise and

gate noise and their correlation can be used as a direct targe&beOS integrated circuit designs for wireless applications.
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