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Complete Monte Carlo RF Analysis of
“Real” Short-Channel Compound FET's

Sharief Babiker, Asen Asenov, Nigel Cameron, Steven P. Beaumont, and John R. Barker

Abstract—A comprehensive RF analysis technique based on Thel- or I'-shaped gate, gate recess, and passivation in such

ensemble Monte Carlo (EMC) simulation of compound FET's devices critically affect the device parasitics and the overall
with realistic device geometry is presentedY -parameters are RF performance

obtained through Fourier transformation of the EMC tran- .
sients in response to small changes in the terminal voltages. Although the fundamentals of the RF and noise EMC

The terminal currents are statistically enhanced and filtered to analysis are outlined in [11], very few Monte Carlo compound
allow for reliable y-parameters extraction. Improved analytic FET simulation papers address the RF performance issues in
procedure for extracting the intrinsic device small-signal circuit depth. In [12], a strategy for extracting theparameters and

components is described. As a result, stablg-parameters and o s a1 signal equivalent circuit components from Monte
reliable circuit components can be extracted for the whole range . . ,
of device operation voltages. Parasitic components like contact Carlo simulation of GaAs MESFET's was presented. How-

and gate resistances are included in thg-parameters at a post ever, this analysis is restricted to simple rectilinear device
processing stage to facilitate the forecast of the performance geometries and low voltages and does not take into account
figures of merit of real devices. The developed RF technique has yne “intrinsic” source and drain series resistances presented in

been applied in the EMC simulation of pseudomorphic HEMT'’s . . u o .
(PHEMT's) fabricated at the Glasgow Nanoelectronics Research the simulations nor the “extrinsic” contact and gate resistances

Center. Good agreement has been achieved between the simu|ated:)resented in a real device. Similar are the restrictions of the
and measured small-signal circuit components and performance RF and noise EMC analysis of GaAs MESFET's in [13]

figures of merit. and AlGaAs/GaAs HEMT’s in [14]. A simplified simulation
Index Terms—Compound FET’s, Monte-Carlo, RF analysis, geometry usually underestimates the capacitive components
simulation. and seriously affects the accuracy of the extracted small-signal
circuit. This, together with the omission of the gate and the
|. INTRODUCTION contact resistance in Monte Carlo simulations, does not allow

OMPOUND EET's such as GaAs MESFET's and Ir]_reallstlc extraction of important RF figures of merit such as the

GaAs HEMT's with channel lengths approaching @ cutoff frequencyfr and the maximum frequency of oscillation

have shown significant potential for microwave applicatio nlax.th' d ib hensi thodol
up to W-band [1]. To a great extend this is due to the a n this paper, we describe a comprehensive methodology

well pronounced velocity overshoot in the high field regioncjo extract the RF performance of “real” compound FET's

the channel. Here, the carrier velocity in the above materi jgm _t|me d(_)mam I_EMC simulation Wh'ch can be used fqr
actical device design. The methodology is based on transient

may exceed saturation velocity by several times [2]. In maf, o of EMC simulati f realistic devi .
cases, the predictive analysis and computer-aided design gite element simulation of realistic device geometries

such devices require full scale ensemble Monte Carlo (EMé"jlmed out using t_he qute Carlo modgle of the heterpjunction
simulation. In a series of EMC simulation studies, the nonstfomPound two-dimensional (2-D) finite element simulator
tionary transport in GaAs MESFET’s [3], InP MESFET’s [4],H2F [15]. A proper d_escr|pt|on of the_shape pf the gate, recess,
AlGaAs/GaAs HEMT's [5]-[7], and InGaAs pseudomorphié’md source ar_1d Qram contacts provides reliable yalugs for.the
HEMT's (PHEMT's) [8], [9] has been investigated. Most ofsmall-signal circuit componer_lts. The post processing |_nclu5|9n
the published papers, however, consider simplified device g‘.g_the contagt and gate resistances and eventually |n_du_ct|ve
ometry and focus mainly on the transport physics and the effé@MPonents in the extractgeparameters allow for a realistic
of the enhanced channel velocity on the DC characteristi€stimation of the RF performance of the compound FET's
Of more importance for the proper design of modern shoNder investigation. _ _
channel compound FET's is the RF performance. This is!n the next section we outline the flow diagram of the
determined not only by the high field transport but also H.;pmplete RF EMC analysis of compound FET's. This includes
device geometry, surface effects, and contact resistance [IbF. extraction of the small-signal equivalent circuit and the RF
Manuscript received October 31, 1997. The review of this paper wfigures of merit. SeCtions I a.nd IV deal with specific issues
arranged by Editor W. Weber. This Work Was supported by EPSRC throuB%lated to the reliable extraction of the frequency dependent
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The authors are with the Device Modelir_lg Group and _Nanoele_ctron_iqqqis forms the basis of the RF analysis. In Section V, the re-
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to the small-signal circuit componenfs and f,,,.x, extracted

RF analysis of MC transients
from s-parameter measurements.

Il. THE COMPLETE RF ANALYSIS

The flow diagram of the complete time domain RF EMC e

analysis is given in Fig. 1. The analysis begins with the extrac-
tion of complex frequency dependent two-pgiparameters of

the simulated compound FET. Thegyarameters are calculated
by Fourier decomposition of the current transients obtained in
response to step perturbations in the terminal voltages. For a
given dc working pointV,, V;) a steady-state condition is first
established by allowing the EMC simulation to run for a time
long enough to achieve a steady average drain cufigny.
Then small step perturbationaV; are applied to the gate
and drain electrodes consecutively and the transient currents
I,(t) are recorded as functions of time with the indices

j = 1 referring to the gate and, ;7 = 2 referring to the
drain electrode. The real and imaginary components of the
y-parameters are given by the following transformations [16]:

Ysim“ z

Re(1jn(w) = 90 7y
T y
+ 3y ) Hilt) = Lo sin(wryde ()
J

wherel;(0) andi;(oc) are the steady-state dc levels of the gate )
and the drain currents before and after the step perturbati@ﬂhough these values are higher than the values recommended

respectively. The recording timel’, includes the transient in [16], no apprec_iable_generatioq of harmonicg was observed
time which is typically a couple of picoseconds plus som UE tohthedgoo_? Imte)anty r?f tgzlavlzmglattled_dewceds. h |
additional simulation time during which enough statistics are urther details about the simulation and the calcu-

accumulated for the steady-state post-transient cufiést). lation of the terminal currents during the transient are given
A proper estimation of the transient current immediatel

in Section Ill. The extracteg-parameters properly represent
after the perturbation is vital to the correct extraction of th

e geometry and surface effects but do not incorporate the
y-parameters. The highest frequency of integstietermines contact and the gate resistances which are excluded from the

the upper bound\¢ of the time step during the first few step:sEMC ;imulation. quuctive elements associated With the ”."eta'
of the transient\ < (2 f,)~". In modern compound FET’s, pads in a real device are also excluded fr'om the S|mulat|on_.
f, may be several hundred gigahertz [17]. The amplitude of 10 proceed fqrther with the.RF analysis, the current gain
the displacement current spike associated with the feed bé@k = dla/dl, is presented in terms of the extractge
capacitances at= 0% is proportional to(At)~!. The lower parameters as

bound onAt imposed in drift-diffusion transient simulations to ) o1, /oI
prevent the loss of current continuity as a result of the finite G = {W/#} = |y
computer word length [16] can be relaxed in Monte Carlo g g
transient simulations which do not suffer from such problem
In this study we employ time steps &t = 0.125-1.000 fs
to resolve the beginning of the transient. This compares wij
the values of field adjusting time stelpt = 1-2.5 fs used to
achieve the initial steady state.

The magnitude of the perturbationV; should also be into the s-parametersS™™. In terms of s-parameters the

carefully chosen. It should be large enough to allow ProPEl wimum stable gainGzim . and the maximum available
resolution of the transients bearing in mind the StOChaSéEn MSG

@in, Gsim ., are expressed b
nature of the EMC current. At the same time, the perturbati P TMAG P Y
must be small enough to avoid the generation of harmonics

sim sim

21 /Y11

(3)

Fhe cutoff frequency of the simulated devigg™ is extracted
solving log[G=™ (log f)] = 0 which is an almost linear

nction.

In order to extract the maximum frequency of oscillation of

the simulated devices the y-parameters are transformed

max

sim

i 5 H i
during the transient. Typical values of 100-200 mV werésc = | = | if K™ <1
used for the gate voltage perturbatisdi;. Higher values of 2

521

200-300 mV are needed for the drain voltage perturbatiqpiiﬁ;xG -

(Ksim _ (Ksim)Q _ 1) if Ksim > 1 (4)
AV,, especially in the saturation region of the FET operation.

sim
S12
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Fig. 2. Small-signal equivalent circuit model of the FET. Dashed lines
enclose the equivalent circuit of the intrinsic device. L
S
where Fig. 3. Small-signal equivalent circuit model of the real FET. Dashed lines

) ) ) enclose the equivalent circuit model of the simulated FET.
SLIm Siim S1m Sim Sim s1m
1+ |311 833" — 813 So1 | - |311 - |322

Ksim — : _ (5)

2| simsgin | where
is the Rollette’s stability factor. The maximum frequencyzse! — {(RQ—F%)—’_‘ZWELQ""LS) 9R RCI,""‘%LS IRYE
of oscillation f s then extracted by solving o T Jwhs e tiw(La+Ls)
log[GRio(log f)] = 0 which is also a well-behaved (©)
monotonously decreasing function. Z<al are then transformed int&*<2. The value of fiee!

The next analysis step is the extraction of the of the smajk oxiracted by solvindog[G:¢*!(log f)] = 0, where Geal

signal equivalent circuit components. For typical MESFET angd given by an expression analogous to (1). FinaMzea!
HEMT simulation domains, we have adopted the equivalegfe transformed int®™* and f:¢2! is extracted by solving

max

circuit presented in Fig. 2. The gate resistance, the contact jigs Gzl (log f)] = 0 whereGEs2l . is given by an expression
sistances, and any external inductive components are excludgfijar to (4) and (5). It must be noted that the inclusion of the

from the EMC simulation and hence from this circuit. Thegntact resistances changes the dc working point of the “real”
sourceR;; and the drainfz,; resistances in Fig. 2 represenfeyice to(V, + IyR., Vy + 2I,R,) [20].

the resistance of the regions between the gate and the sourcfhe EMC simulation provides a unique opportunity to
and drain ohmic contacts, respectively. These resistances jg{fstigateab initio the RF noise performance of compound
included in the solution domain and can be evaluated direcT°s However, the noise analysis is restricted to the sim-
from the EMC steady state simulation results prior to transienigyted device and reflects only the noise generated by the
as the ratio of the voltage drop between the gate edge and (hgiers inside the device. In this study, the intrinsic minimum
corresponding contact and the average current flowing throughise figure is calculated from the small-signal equivalent
the device. Then thg-parameters of the simulated devicg;ycyit model using the scheme presented in [21]. The noise

Y= are transformed inta-parametersZ*"". The estimated soyrces associated with the ohmic contacts, the external cir-
source and drain resistancls; and Ky, are subtracted from ¢t and the measurement equipment are excluded from the
Z°™" to obtain thez-parametersZ™™ of the “intrinsic” device gpalysis.

equivalent circuit surrounded by dashed lines in Fig. 2

Zint _ sim _ prdl (6) [ll. MONTE CARLO TRANSIENT SIMULATION
The Monte Carlo module of the heterojunction compound
where 2-D finite element simulator H2F is described in detail else-
R R where [15]. It is designed to simulate a wide range of recess
Zr = Rsi R, ‘ilel . (7) gate compound FET’s. A nonparabolic three-valigy L, X)

conduction band model is used for the IlI-V materials. The

Finally, Z¢ are transformed back intgparameter&’ ¢ from ~ Scattering mechanisms implemented include: ionized and neu-
which the components of the “intrinsic” small-signal circuitr@l impurity, acoustic phonon, piezoelectric, optical phonon,
can be analytically extracted [12]. and polar-optic scattering modes.

The adopted equivalent circuit of a “real” device is also Quadrilateral finite elements are used in H2F to describe
shown in Fig. 3. In order to evaluate the cutoff frequerfest accurgtely the shape of the gate and_the recess. The Poisson
and the maximum frequency of oscillatiofig?! of the “real” €qguation is solved.sellf—con3|stently with the pgmcle motion.
device, the gate resistand,, the contact resistances,, and The solution domain includes not only the semiconductor re-
eventually the inductive components, L,, and L, first have 9ion but also the air and eventually the passivation surrounding

to be incorporated in the-parameters of the real devi@e>! the gate. The distribution of trapped charge on the pinning
[19] surface states before the transients is estimated from the results

. of drift-diffusion simulation [22]. It is assumed that during
Zrea! = 7o 78l (8) the transient the charge on the surface pinning states remains
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frozen. The recess shape and the surface conditions deterntimeugh the electrodes. The currefi{¢) is given by

the part of the series resistancks, and R, associated with N

the recess, and influence also the charging resist&nc&he rN () O

recess and the gate shape influence also the gate-sOwsce L) = ; Qivi(t) - Vi (11)

gate-drainCyq, and the drain-sourc€y, capacitances. These

five passive components affect the RF performance of tidere @; is the charge of the super-particle;(t) is the

simulated device. velocity of the particle, andf; is the spatial distribution of
The 2-D Monte Carlo treatment of transport is also essenttlle potential when a unit voltage is applied to electradall

to the accurate RF analysis. The transconductapgeis other electrodes are grounded and all charges are removed

dominated by the velocity overshoot in the channel region aff@m the device. In other wordsf; is the solution of the

eventually in part of the recess regiap, is also influenced Laplace equatiorV - (eVf;) = 0.

by the real space transfer of carriers outside the channelThe current!!’(¢) associated with the time varying potential

which can be treated reliably only in Monte Carlo simulationss calculated from the capacitance matrix componefiis

The output conductance,, is influenced both by the drain associated with the electrodes of the simulated device. The

induced barrier lowering (DIBL), which is sensitive to thd.aplace equation is initially solved with all electrodes potential

device geometry, and by the real space transfer. fixed to zero and then solved with the potential of each one
The total transient terminal current required for the electrodej incremented byAV;. The capacitance matrix is

parameter extraction is a sum of the particle currést) then defined as

and the displacement currety;,,(t). The particle current AQ;

in Monte-Carlo simulations is usually estimated using the Gy = AV (12)

standard particle count method [23]. In this case= nQ)/At, !

wheren is the number of super particles entering or leaving/hen a step perturbatiodV; of the terminal voltage is

the given electrode during the time stext, and @ is the applied ;(¢) flows only during the first time step¢ and

charge of the super particles. Recalling the scales of the tiigegiven by

step At, used at the beginning of the transient, it becomes AV

clear that the stochastic fluctuations in the number count leads I'(t) = CijTtJ~

to substantial fluctuations in the estimated particle current. . ) o

Usually a single particle entering/leaving the electrode duririg'® displacement current during the remaining part of the

a typical time step of 1 fs will introduce current fluctuatiorff@nsient is related to the charges induced on the electrode

which is comparable to the average drain current in a FET iy the moving particles in the device associated with the

the normal mode of operation. The straight-forward use of tfgdistribution of the mobile charge and is accounted for by

Gauss' law for calculating the displacement currént,(r) £i(¢) [see (11)]. _ _

also leads to significant current oscillations. The transient 1€ y-parameter extraction procedure itself [(1), (2)] re-

terminal currents can be statistically enhanced by employif§ires a small time step only immediately after the step-

more particles [12], [13]. perturpatlon in orqler to resolve_ _properly the mter-ele_zctrode
In this work we use the Ramo-Shockley theorem to cdf@pacitances. During the remaining part of the transient the

culate the simultaneous contribution of all super particldéne step may be larger than the time stafi” used in the

involved in the EMC simulation to the total electrode curMC simulation in order to ensure self consistency between

rent. The Ramo—Shockley theorem, formulated initially foine particle-m_ovement and field adjustme_:nt. Thus the transient

the static case [24], [25], remains valid for time varyinﬂ”e”ts obtained from th_e EMC simulation can be smoothed

electrode potentials [26] and can be generalized to inclufither before the extraction of the:parameters by using a

electrons, holes, and generation and recombination proced868! averaging procedure. In the middie= (' —n)/2 of the

[27]. However, in this work the hole distribution is frozerinterval betweem’ andn-th time steps the smoothed average

[15] and generation-recombination processes are not includddrentf;(k - AT) is given by

in the simulation and therefore the approach outlined in n

[26] is adopted. Employing directly all moving particles, the L) = v Z I(k - AT). (14)

Ramo—-Shockley approach provides much smoother estimate n'—n+1 &

for the total instantaneous current passing through a particular

electrode. According to the Ramo—Shockley theorem the i nhe maxim_um length of the ayeraging interv_al Is restricted
stantaneous transient current in electréaiie to N discrete 0¥ (he maximum frequency of interest accordingia?’ <

moving charges within the device is given by (2rf)~1. In this study, the averaged traces of ten transients
is used to reduce the uncertainty associated with the selection

L(t) = () + IV (#) (10) of timing of the initiation of the transient [12].

(13)

=n

where the current!(t) is solely contributed by the movement IV. RESULTS AND DISCUSSION

of the N charged patrticles with fixed potentials at electrodes, In order to illustrate the capabilities of the described com-
and I/'(t) is the current induced due to the time-varyinglete EMC RF analysis we compare the result of our sim-
potentials of the electrodes through the capacitive couplindations with RF measurements of real pHEMT's fabricated
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'4- 50 nm
\ / n+ GaAs cap 30.0 nm
AlGaAs etch stop 5.0 nm
AlGaAs Schottky  12.5 nm

o sisaelPen?
AlGaAs spacer 2.5 nm
InGaAs channel 10.0nm

GaAs buffer

Fig. 4. The layer structure of the 120-nm gate length pHEMT.

in the Nanoelectronics Research Center of the University of

Glasgow. The layer structure of the measured and simulated

pHEMT is shown in Fig. 4. It comprises a 100-period superlat-

tice grown on s.i. GaAs substrate followed by a 600-nm GaAs

buffer. The strained WsGa, 7As channel is 10 nm thick and

is separated from the 8tdoping by a relatively thin (2.5 nm)

Al 3Gay 7As spacer. ThaV, = 5 x 10*2 cm? effective -

doping is encapsulated between three and two monolayers

GaAs. A 12.5-nm A} 3Ga7As Schottky layer, and 5-nm

Alg.3Gay 7As recess etch stopper are grown on top of ¢he

doping. The overall separation between the channel and the 1 . ‘

gate is 21.5 nm. A 30-nm heavily doped{ = 4><1018 cm~3) '26'0_536_05 2005 1605 0O 16_05 2605

GaAs cap layer screens the 2-DEG in the region between the X (em)

gate and the contacts from the negative charge of electrons

trapped on deep, acceptor type surface states. The charfigep. SEM photograph of the 120-nm pHEMT gate and recess region

length is 0.12m with 50 nm gate recess on each sig9ether with the simulation domain.

of the gate. The device has a channel width of 108.

The separation between the source and the drain contacts is 157 RS Sehore

1 xm. Details of the gate recess region and the corresponding 104} | Gauss

simulation domain are presented in Fig. 5(a) and (b).
The contact resistances and the external series resistance

of the measurement equipment are incorporated in the EMC

simulated!;—V, characteristics using the procedure described

in [20]. Since quantum effects and the associated intersubband

scattering in the Ip3Gay.-As channel are not included in the

1e-05 T i T T

1605 | LR

Ig (A/cm)

current version of H2F the simulations overestimate velocity 154 , , , .
overshoot in the channel by approximately 15% and hence the 0 0z 04 06 08 1
drain current and the device transconductance. Time (ps)
The RF analysis is carried out 8f, = —0.2 V and Fig. 6. Transient gate current following a change of 200 mV in the gate

Vy = 1.5 V which corresponds to a typical operating poinpotentialV, = —0.2 andV,; = 1.5 V.

of the HEMT. The step changes in the gate and drain voltages

are AV, =200 mV and AV = 300 mV, respectively. The a temporal averaging procedure given by (14). The effect of
gate current following the gate voltage step extracted using ttie smoothing on the drain current transient is also shown
Ramo-Shockley procedure together with the standard partigieFig. 7. The smoothing reduces the error of the numerical
count current and Gauss'’s integration approach are compairgégration in (1) and (2) and results in more stable and smooth
in Fig. 6 for the first 1 ps of the transient. The displacemepgtparameters.

current associated with the inter-electrode capacitances durin@he cutoff frequency of the simulated device estimated from
the first time-step is several orders of magnitude higher atite y-parametersy>™ is found to bef$™ = 168 GHz. Then

is not shown in this figure. The Ramo—Shockley trace showse y-parameters are transformed intgarameter$s™ from
dramatic noise improvement and contains instabilities mainlyhich the maximum frequency of oscillations of the simulated
associated with plasma oscillations in the heavily doped rdevice was estimates to & = 631 GHz.

gions of the device and eventually Gunn domain oscillations. The source and drain resistance present in the simulated de-
The transient drain current corresponding to the same gatee were estimated to bé;; = 1.82 Q andRy; = 15.5 2, re-
voltage step and calculated using the Ramo—Shockley pspectively. These resistances are subtracted ¥oi#i through
cedure is given in Fig. 7. Prior to the extraction procedure;parameter transformation and the small-signal equivalent
the gate and drain currents are further smoothed out usiigcuit components are extracted from thiparameters of the
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TABLE |
SMALL -SIGNAL EQUIVALENT CIRcUIT COMPONENTS EXTRACTED FROM TEN CURRENT TRACES
AND THE AVERAGED TRACES ALSO SHOWN ARE THE EXPERIMENTAL EQUIVALENT CIRCUIT COMPONENTS

Averaged
Run# | 1 2 3 4 5 6 7 8 9 | 10 | traces Exp.
Cos (IF)[ 71 [83.3] 84 | 72 |72.1] 72 | 73 [76.6]72.8]76.1 77.9 75.5
Cgd (IF)| 164 12.5[ 12 16 1164] 16 [164]12.5]16.5]16.5 14.2 8.7
Cas(®[13.1] 9 | 9 13113113 131 9 [131] 13 | 151 14.4
emo(mS)| 87 [89.4] 89 |87.6] 87 | 86 | 85 | 85 | 86 | 93 | 876 67
gdsmS)| 8.8 | 15 | 16 | 88|88 |88 |87 16 |88188]| 112 8.7
Ri(Q) 218126 2622122222221 ]23[24] 224 3.7
t(ps) 10.18]0.16]0.17/0.17]0.16[015{ 0.1 |01 jol |01 | 017 | 013
e 145 | 126 [ 125 | 145 | 144 | 142 | 148 | 141 [ 150 | 141 142 114
freat | 166 | 141 | 140 | 166 | 167 | 163 [ 171 | 167 | 172 [ 160 | 164 150
80;;
04
Transient Iq
20.254 14 smoothed @ 60+ —O— Cgs
A € o Gy
< 054 g 404 R
= B> -ds
) o
-0.754 &
&)
201
q P
! ' ; " 0 —————
000t 0ol 0.1 ! 0 20 40 60 80 100 120
Time (ps)
Frequency (GHz)
Fig. 7. Transient drain current following a change of 200 mV in the gate (@)
potential together with the drain current smoothed using the local averaging
procedureVy, = —0.2 andVy; = 1.5 V.
1001—
intrinsic deviceY™t, The extracted small-signal circuit com- 80+
ponents are plotted in Fig. 8(a)—(c) as functions of frequency. )
The virtual independence of the small-signal components on 5 9 —o— emg
. . =
the frequency is a proof for the quality of theparameter £ 40l o gy
. =
extraction procedure. 2
The contact resistance present in the real defice- 3.5 €2 © 20
and the gate resistancB, = 5 2 typical for a pHEMT
with 100.um channel width were added t@** through z- O 0 T co 8o 100 120
parameter transformation to obtain theparameters of the Frequency (GHz)
“real” pHEMT Y™ from which the cutoff frequency of the (b)
“real” device was estimated to bg! = 142 GHz. Then
Yreal were transformed @' and the maximum frequency - o3s
of oscillation of the “real” pHEMT was estimated to be 0
real _ 164 GHz. The small-signal circuit components at 23 |
50 GHz and figures of merit extracted from simulation are 2] 025
compared in Table I. The values are obtained from different 515 - 02
traces where the transients are initiated at different times from = ' “Tots
the beginning of the EMC simulation. The table also shows the 1 e Lol
parameters obtained from ten averaged traces and the results 054 o 0.05
: { _ 540 e . L0.0°
of measurements on fabricated devices. The 20% difference
betweenf:¢a! obtained from the simulations and the measured O 30 40 co g0 160 130

value is attributed to the overestimated transconductance.
To highlight the effect of the extrinsic parasitics on the
device performance, we plot in Fig. 9 the dependencg 4t

Frequency (GHz)

(©

on the gate and the contact resistances. The results show pR&MWT as a function of frequency.

T(ps)

1649

Fig. 8. Small-signal equivalent circuit components of 120-nm gate length
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Fig. 9. Effect of the gate resistance and the source and drain contfld- 11. Intrinsic noise figureNF(f) of the 120-nm pHEMT extracted at

resistanceR., on the maximum frequency of oscillatiofimax ., evaluated Vy = —0.2andVy = 1.5 V.
atVy = —0.2 andVy; = 1.5 V.

250 and the device geometry have been properly included in the
1250

[ RF analysis through our finite element EMC approach. The

a0l ° RO 200 problems in they-parameters extraction associated with the
stochastic nature of the EMC current have been addressed.
SRR E e A N 1R Statistical enhancement of the terminal transient currents has
5 "o = been achieved by explicit use of the Ramo—Shockley theorem
EOL o e §10 in the case of time varying electrode potentials. The plasma
504 L 5o type terahertz oscillations present in the simulations have
been filtered out through a local averaging procedure. As a

0 , 0 result, reliabley-parameters could be extracted for the whole

range of operation voltages including saturation. The analytical
. i _ _ ~ procedure of extracting the equivalent circuit components of
ataren e o ey e g 1, e *¥he simulated device [12] has been improved by excluding the
V, = 1.5 V. source and drain access resistances, present in the simulation,
from the y-parameters before extraction. The contact and the
gate resistances have been includes imtparameters at the
st-processing stage which allows estimation of important

ures of merit such ag:® and 2. of “real” devices.

max

max

the contact resistances. A similar behavior is observed with t . L . .
he complete RF analysis has been applied in the simulation

contact resistances at low gate resistance. Clearly, the hl% Teal pHEMT’s fabricated at Glasgow Nanoelectronics Re-

Esr{zrem:;%iggtzgtrlglsizgtshe PHEMT's is dramatically erOdesearch Center. The good agreement between the simulated and

The fluctuation in the EMC terminal currents associat easured small-signal circuit component§ and performance

. : S : igures of measures demonstrates the fruitfulness of our ap-
with plasma and Gunn domain oscillations introduce som Z0ach. The results of the post-processina analvsis provide
degree of uncertainty in the extractgebarameters. It could b X Post-p g ysis P

be expected that the values of the extraciegarameters important insight into the performance potential of the intrinsic

will depend to some extend on the choice of the moment %'fIEMTS and the detrimental effect of the contact and the

which the gate and drain voltage perturbations are applied qate resistances.
. the ga : gep PPIEC. he developed complete RF EMC analysis technique ad-
investigate this uncertainty we compare the RF analysis I’eSL(I:ItS . . S . - :

. S . resses practical RF device design issues in realistic device
from ten transients initiated at different moments after thsetructures It can be used also in the RF analysis of subs0.1-
average steady-state conditions are established in the EMC ¢al y Y

: } T i'and SiGe FET's where overshoot effects will dominate
culations. The corresponding variation in the extradted>; , . .
o o im . the channel transport and the EMC simulation will become
is illustrated in Fig. 10. The fluctuation ifi-™ are mapped in

! . Y essential.
Fig. 10. The extracted small-signal circuit components for the

ten transients are summarized in Table |I.

Finally, the frequency dependence of the minimum noise
figure NF(f) of the intrinsic device calculated according to The authors are thankful to J. Davies, S. Roy, and M. R. S.
[21] is plotted in Fig. 11. Taylor for the helpful discussions.

freal decreases rapidly with gate resistance at low values E)?
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