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A New Equivalent MOSFET Representation
of a HEMT to Analytically Model Non-
Linear Charge Control for Simulation
of HEMT Devices and Circuits

Shreepad Karmalkar

Abstract—It is shown that, from the point of view of the gate capacitanc€' or transconductancg,, due to 2-DEG at
behavior of the charge and position of the Two-Dimensional |ow drain-source voltages. These predictions are inaccurate,
Electron Gas (2-DEG) as a function of gate-source and drain- since actually then, — Vi relation is nonlinear leading to

source voltages, the complex High Electron Mobility Transistor - -
(HEMT) can be regarded as a simple Buried-Channel (BC) a variation of theC or g, with Vi [6]-[8]. Further, the

MOSFET. Thus, the characteristics of a HEMT, namely channel threshold voltage predicted by this representation can be in
charge and capacitance/transconductance as a function of gateerror by as much as 25% [2], [9], [10]. Also, as shown later
voltage below and above threshold are akin those of a BC in this paper, similar discrepancies may result in other device
MOSFET. Hence, there are discrepancies in the conventional ,5rameters describing near-threshold and subthreshold current

Surface Channel MOSFET-like approach to HEMT modeling. d it diti th t | |
Existing simple BC MOSFET dc and ac models can be used and capacitance conditions, as these parameters are closely

for on-paper analysis and computer aided simulation of HEMT tied to the 2-DEG location.
devices and circuits, if the HEMT is represented by an equivalent ~ The objective of this paper is to present a more realistic

BC MOSFET as derived in this paper. The new representation equivalent MOSFET representation of the HEMT which de-
can be useful for modeling of short-channel HEMT phenomena. icts the internal charge conditions with greater fidelity, and
predicts the various terminal HEMT characteristics more ac-

|. INTRODUCTION curately, using only closed form equations avoiding numerical

HE DETAILS of the internal field distribution in a High or iterative techniques. It is shown that the 2-DEG charge

Electron Mobility Transistor (HEMT) are more complexanOI position along the channel length in a general HEMT

than those in a MOSEET. However the final relation betwe V\éith given bias conditions, are simulated in a Buried-Channel
the Two-Dimensional Electron Gas (2-DEG) concentratign ? C) MOSFET having appropriate physical parameters and

P e, e 025 oo e e 1 CoHrs. Iy1 aper v e consee g
to that of a MOSFET [1], [2]. Y- P

So far, the HEMT has been regarded as a Surface Chanﬂeeﬁerostructures [11] also.

(SC) MOSFET in which the insulator thickness is equal to the
distance in HEMT between the gate and the 2-DEG position
assuming the 2-DEG to be a charge sheet [1]-[5]. However, Il. THE EQUIVALENT BC-MOSFET
the 2-DEG position shifts significantly with gate to channel REPRESENTATION OF AHEMT

bias [6]-[8] amounting to variation of the insulator thickness

: ._For a given set of bias conditions, the similarity between
along the channel length as a function of gate and drat'ﬁe charge conditions within a BC MOSFET and a HEMT
voltages. This feature, apart from leading to an unrealistic ’

SC MOSFET representation, complicates matters calling fRpouming a fully depleted AIQaAs layer and. charge sheet
A ) . X : .arpprommatlon of the 2-DEG in the HEMT, is illustrated
either a numerical or at least an iterative analytical solutio

of model equations to derive any of the characteristics 0 Fig. 1(a). The important feature of this similarity is the
q y . Simulation of HEMT 2-DEG charge sheet location by the edge

osf the gate-controlled depletion layer in the BC MOSFET

through simple closed-form expressions associated Withcﬁannel This depletion laver expands on increase in the
realistic SC MOSFET representation, the 2-DEG positioh ’ P Y P

is assumed to be constant at a distance of 4548Bom magnitude of gate to channel voltage. As a result, the reduction

the heterointerface [2], [3]-[6]. This MOSFET representatioE1 the BC MOSFET conduction chargg is also accompanied

yields a linearn, — Ve relation and consequently constan y its shift away from the gate, much like the behavior of the
s TG -DEG in HEMT's.
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TABLE |
HEMT B C- MOSFET THE PARAMETERS OF THEBC-MOSFET REPRESENTATION IN TERMS

Depleted Insulator OF MAXxIMUM 2-DEG QONCENTRATION AND OTHER HEMT
Al GaA G{-) G(-) PARAMETERS, AT TwO DIFFERENT TEMPERATURES FORTWO DIFFERENT
aAs APPROACHES OFESTIMATING ELECTRON CONFINEMENT EFFECTS
A—L—‘ 0 S SYJ-* D
N I (+) Para Triangular well Self -consistent
_L] n ::.::::\:'j_“ ~-meter|{ 300K 77K 300K 77K
r _//P/ 6do  [173WnTg - 55| 76 /VGo + 31| 56.2 (nko) Ys| 46.8 (s, V2
T (A)) 1.39 1.39
2 DEG charge sheet Doped n- layer Wi /bd 2 1.52
. . 1% |35 Ve 1239V | O] 039
74 Depletion layer Conduction channel
@ N1/ N 15 14 28- hbnso | 47-14n5e
— (o Bro | 346Vn3o | 148VMso  [234.5(ns0)’3|97.6(n%0)¥s
Clve n+ 11 i 7 G’ 4 (MV)  |-55n%0 ~152 |+31n, —32 | —155
> | ($7M | AlGaa g p-pans ol i ; T s
=M f //i €. 1L Ny =0.73ngo /Wy Wa/Wy=0.37Ny/Ny nio = ngo x 107 cm
T €a / );; ‘A 9 |=
Metal l_d_;d_w 2-DEG,ns | Veg= 0g -60c -(0/26,) Ny dg + BgoGNsa* NeXp) (dy*di)fEa
d il Ie
: {1 depln width, Xp ! f = dd +di +8do (Eq/Eq)
!
1 | {
L—J T | '6&{ ll s ' i i i
re - /) 7 slopes of different segments related to doping concentrations
8| Ve | v | Insulator j,?fjcrﬂﬁﬁn"el psubstrate o in the different steps. Calculations have shown that the 2-DEG
i =) €q \Egg’{ Eq “//1 g = location is a highly nonlinear function of, [6]-[8]. Hence
@ éd Gm_mjn f’m led at least two segments with different slopes are required to
‘é Channel doping J depln. layer[ properly approximate this var.|at|c.>n. ThIS.IS shown in Fig. 2(a),
= profite 7 N | where the 2-DEG offsetd which is the distance between the
S| NiWy aNoWy =ngg T2 o 2-DEG position and the heterointerface in the HEMT, has been
& | (o +Wy+Wz) & Xp E@_i_ plotted as a function of.,. More details about this diagram
}w—fw— : appear later, but it is clear that. the qffset h.as a nonzero va_llue
! 2 bdy for ny, = ny. These considerations yield, as shown in
(b) Fig. 1(b), a double-step doping profile with total areal dopant

Fig. 1. The schematic cross section of a HEMT and its BC MOSFEgONcentration

equivalent. (a) Similarity between the charge conditions in the two devices

under identical bias conditions. The 2-DEG in the HEMT is regarded as a NiW1 + NoWs = ngg (1)
charge sheet. The substrate controlled charge in the BC MOSFET is negligible.

(b) Detailed correspondence between the geometrical and charge parameteré . . . . .
of the two devices at a given position along the channel for a given bigd'd an insulator thickness equal to the effective distance in

condition. HEMT between the gate and the 2-DEG positiondgr= n 4.
In the formula given in the table faf, the widths of doped
2) the mathematical relation betweéf; and the channel ar_1d spacer AlGaAs layers az_ei and .di’ _respecfuvely. As
depletion charge controlled by it is invertible and inte\—NIII be seen shortly, .mathematlcal derlyatlons using a dquble—
grable, so that closed-form expressions can be deriv?tgp profile are as simple as t_hose using a uniform profile. In
for I—V and C-V characteristics [12]; and act such derivations are routinely carried out for a channel-

X ) . implanted MOSFET [13].
3) the depletion edge and conduction charge in the burleaq_rhe 5do expressions of the table are derived using [7]

channel follow, respectively, the 2-DEG position and the
2-DEG concentration in the HEMT, as a functionla. 6d = (eg/q) ds/dns )

The parameters of the equivalent BC MOSFET, namelhere ¢, is the GaAs dielectric constang, is the electron
channel width, channel length, and the substrate doping, aterge andp, is the fermi-level at the heterointerface with
identical to those of the HEMT. Other parameters shown nespect to the bottom of the GaAs conduction band edge.
Fig. 1(b) and expressed in Table I, namely the BC dopirithe relationship betweep, andn, including the quantum-
profile, the insulator thicknesg, and the flat-band voltage mechanical confinement effects on electrons in 2-DEG can
Vrp are derived below from the above criteria. be evaluated using a triangular potential well approximation

The second criterion mentioned above has been shownusing the interface electric field [14] or from a self-consistent
restrict the channel doping variation to either a single-step osalution of Poisson’s and Schrodinger’s equations [7]. We have
multi-step profile with uniform doping in each step [12]. Nowobtained théd, expressions for both of the above confinement
consider the third criterion. A single-step or uniform dopingnodels using (2) and the; —n, expressions given in [7] and
implies a linear relationship between and the depletion edge [14].
location. Therefore, a multi-step profile yields a piecewise- To derive expressions folVy, Wi, No, and W3, we have
linear curve between, and the depletion edge location, withmade extensive calculations and found that the third criterion
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5001y dr =¢g0 — (a/€g)(ns0 — ns)[6do — Wi (N1 /N2 — 1)]
Slopeot {1/ Ny} T=300K — (q/26g)(n50—n5)2/N2
s ‘\ 163 x10'8/cm? — (a/2¢g) N\ W (N1 /N2 = 1)
‘_"3’ ‘\ 10?2 0<ng<NoWy =0.27Tn49 (5)
© ol ) e 8d =6do+ (nso —ns)/N1i,  ns >027ns and  (6)
+ \
@ \ 5.96 x10'6/cm? 6d =ddg + (nso — ns) /N2 — Wi (N1 /Ny — 1)
o) \ (7777772 < ) 7
200 51 454 (A) D= =020 )
Q (71 N where¢; = ¢ whenn, = n,. The (4) and (5) are derived
(D\,‘ ” S Stope o< (1/Ny] by matching thel; — n, expressions of the HEMT [6]
wédo ~———— ' Vo =¢n — 8¢e — (¢/2¢)Nads + ¢
" ® ° " + (Q/ea)(ns + NaXp)(dd + dl) (8)
° o.los 02027 04 06 08 10 with that of the BC MOSFET [15]
2-DEG Concentration, ngx10" (cm?) Vi =Vis — (q/€a)(nso — ns)to — (0/26,)(ns0 — )2 /Ny
(@ ns > ns,o — N Wy and (9)
10 Vo =Vrp — (¢/¢a)(ns0 — ns)
€ — — —HEMT “[to — (ca/€g)W1 (N1 /N2 = 1)]
= BT 2
T b - /2%~ 1./
= / — (q/2eg)Ni W[ (N1 /N2 — 1)
< 0.6 ,/ 0<ns <ng— N Wy, (10)
s /// Here, ¢ is the schottky barrier height. is the conduction
k] / band discontinuity,e, and N, are, respectively, dielectric
E 0.4 - / constant and doping in AlGaAs. The ter¥ .X,, denotes GaAs
2 bulk depletion charge at thresholf, is doping andX,, is the
S 257: 171 depletion width (see Fig. 1). The flat-band voltage of the BC-
o z MOSFET Vx5 is equal to the gate voltage in the HEMT when
) —v- - the gate begins to deplete the 2-DEG, i.e., wher= n 4o, and
~ ol is expressed in Table I. The valuesidf, /6dy and V; /N, so

1 L
-80 -40 0 40 80

obtained have been listed in Table | along with the expressions
Fermi-level , ¢ (mV)

for Ny and W, obtained using (1) and (3), for both electron
(b) confinement models. It is important to note that these values

Fig. 2. HEMT characteristics as simulated by the BC doping profile showf€ independent of bias conditions.

(@) A piecewise-linear two-segment approximation of the actubl s By way of example we demonstrate in Fig. 2(a) and (b),

relationship. (b) Thep; — ns relation. the §d — n, and ¢; — n, characteristics predicted by the BC

MOSFET representation for a HEMT withyy = 10'2? /cm?,

mentioned earlier is best met, and the overall C-V cunassuming the self-consistent electron confinement model. It is

simulated by the BC MOSFET will track the actual curvenentioned here that for self consistent-calculations, we use the

of the HEMT due to 2-DEG, by imposing three restrictions op; —n, expressions of [7] when, > 0.27n,; for smallern,

the doping profile. Firstly, 73% of the total channel charge imlues, thep; — n, behavior approaches that of expressions

incorporated over the widthV, given in [14], since confinement effects decrease.

N1W1 = 0.737150. (3)

St_econdly, the _S|mulated and_ actual valuesppfmatch _when AND CAPACITANCE EXPRESSIONS
this charge is just depleted, i.e., whepn= 0.27n.o. Thirdly,

the simulated and actual values of the off§étmatch when  We first consider the above threshold and subthreshold
only 5% of n,g is left for conduction. Recall that a similarconditions of the 2-DEG control regime separately and then
match between the two offset values already existsfor= unify the expressions in the two regions.

ns0, due to the choice of insulator thickness. The actual

values of¢; andéd are calculated from (2) and thg —n, A. Above Threshold Conditions

expressions of [7], [14]. The simulated values of these two |nverting (9) and (10) we obtain

parameters are obtained from thg — n, and od — n,
relationships simulated by the BC MOSFET

bf =dgo— (Q/eg)(”so —n,)odo — ((J/26g)(”80 - ”8)2/N1
Ns Z N2W2 = 0.277150 (4)
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ns =NoWso — (e N2 /C1) is the channel-substrate capacitance, and
: [\/1 — (Vo = V1)/(aN2¢64/2CE) — 1] Cr = ¢g/(W1 + Wa + toeg/€a) (24)
Ve < Vo <V (12) is the gate-channel capacitance at threshold which is given by
Here (19) atVs = V. The value ofng is derived below.
Co = €a/to (13) ¢ unification of Above Threshold and
denotes the insulator capacitance Subthreshold Expressions
Cy =,/ (W1 + tocy/ca) and (14) To ensure continuity in charge equations as well as their first

derivatives, the pairs (12), (20) for the charge and (19), (21)
for the capacitance, can be pieced together at a gate voltage

respectively, denote the capacitance and gate voltage whenstghtly abovevr given by
channel depletion width i/, and V) & Vi + Vil — ViCr/q)/(2Nae, /O )] (25)
VT = V1 bt (]NQWQ/Cl bt (q/2eg)N2W22 (16)

Vi =Vrp — gNiW1/Cy — (q/2¢,) N WY (15)

using
represents the pinch-off/threshold voltage, i.e., the gate voltage
when n, = 0. Note that (11) and (12) can be readil)ﬁo%(0'36877%0T/Q)[1+(377VtCT/(1)/(2N269/CT)]' (26)

integrated from source to drain to obtain closed form relatiors, ¢ (12) and (19) are used fée; > V7 rather thar¥/g > Vir
’ T )

directly in terms of bias voltages, for both small-signal gatg,q similarly (20) and (21) are used o < V2. rather than
to source/drain/bulk capacitances as per the Meyer model qpcg < V. -

dc current.

In the 2-DEG control regime, as the gate is made more
negative, the three distinct phases of the C-V behavior com-
mon to HEMT and BC MOSFET are: capacitance decreaseThe n, — Vi and C — Vi; calculations of a HEMT using
with reduction in channel charge, rapid capacitance fall ne@) and (17) and rigoroug; — n, relations are compared with
channel pinch-off to a value decided by the substrate depletitwse of its BC MOSFET representation in Fig. 3. The HEMT
width, and the slow capacitance rise thereafter due to gradparameters are.,, = 10'2/cm?,dy + d; = 400 A, [pp —
collapse of this depletion width [6], [16]. Using (11), (12), and¢. — (g/2¢,)Nyd3] = —0.4 V. The equivalent BC MOSFET

parameters calculated using Table | appear in figure inserts,

IV. COMPARISONS AND DISCUSSIONS

C = qdns/dVs A7) the parameters for Fig. 3(b) and (c) being identical. The entire

we obtain range of charge conditions from subthreshold to saturation, for
values of N, X, = 8 x 10'° and4.6 x 10! /cm? associated
C :CO/\/l — [(Va — VrB)/(aN1€4/2C3)] with N, = 3 x 10** and 10'6 /cm?®, respectively, is covered

Vi < Ve < Vip (18) in Fig. 3(a), where the HEMT calculations are based on self-

5 consistent unified charge control model of [18]. The behavior

¢ :Cl/\/l — [(Ve = V1)/(gN2¢y /2C7)] above threshold is emphasized in Fig. 3(b) using triangular

Vi < Vg < V. (19) potential well model based on interface electric field assum-

. ing negligible N, [14], and Fig. 3(c) shows the capacitance
Nc|>tg that t1h8e”5 —chigreIatlons (1.1) alnd (12)h and _f VGM t:gchavior for this case. It is mentioned here that our analysis
re a'uops ( 3] an ]E )Iarg ast|mtp))e as those of a C? orporates effects aV,.X,, on AlGaAs potential drop. But
capacitor with a unfiormly doped substrate. N, X, effects onp for n, > 0.05n4 or n, > 5x 10 /cn? are
. ignored, making the BC doping shape independenY ofThis
B. Subthreshold Conditions does not cause significant errors fg < 10*¢ /cm?, which are
Applying available BC MOSFET results [17] to our reprethe values in practice, as is evident from Fig. 3(a).
sentation The good agreement between the compared results estab-
_ lishes the ability of our approach to predict subthreshold and
ns = noexp(Va = Vr)/mVi] forVe <Vr  (20) ;06 threshold dc and ac characteristics. Further, our expres-
and using (17) sions are invertible, integrable and continuous with continuous
first derivatives, i.e., have properties adequate for circuit
C = (qno/nVe) exp[(Vao — Vr)/nVi]  for Vo <Vr. (21)  simulation [19], [20]. They are physics based, use no empirical
Here, V; is the thermal voltage and fitting parameters, and can be written down using elementary
FET theory. The parameters, name&lyN,, Wi, No, W2, Vg
n=1+4+(Cp/Cr) =1+ [(W1 + W2 +toeg/ca)/Xp]  (22) andy used in the expressions permit simulation directly in
. . . L o . terms of process conditions, or if necessary, can be readily
is the ideality factor signifying capacitive coupling from gate . .
extracted from simple charge/current and capacitance measure-
to substrate [17] . : o
ments as is clear from Fig. 3. In contrast, existing models are
Cp =¢4/X, (23) lacking in one or more of the above aspects. The models such
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Fig. 4. Pictorial depiction of 2-DEG in HEMT. (a) Prevailing SC MOS-
FET-like (e.g., [3]-[5])- (b) Improved BC MOSFET-like (simulation of
parasitic MESFET by BC accumulation layer is also shown). (c) Increase in
charge confinement with lowering of temperature as revealed by BC doping.

as [20]-[22] suitable for circuit simulation employ nonphysical
approximations in the form of empirical fits to the actual
ns — Vg variation, require experimental parameter extraction,
are valid above threshold only, and [21], [22] treat dc char-
acteristics only. The unified charge control models [18], [23]
describe subthreshold and above threshold regions by a single
ns— Vg expression whose all derivatives are continuous, unlike
in our method. However, the expression in [23] requires fitting
parameterém and~) to define the shape of the de-V curve,

and cannot be analytically integrated to obtain small-signal
gate to drain/source/bulk Meyer capacitances needed in ac
simulation. Similarly, the expression in [18] cannot be inverted
or integrated to yield capacitance d—V characteristics
explicitly in terms of bias voltages. Thus it is useful for
simulating a single device and not circuits, and this applies
also to the physical model in [8], which moreover is limited
to above threshold conditions. In addition, as pointed out in
the remaining part of this section, our approach has important
modeling features which have not been exposed by the earlier
models.

Our model is not merely an analytically manageable con-
tinuous piecewise multisection fit to actual — Vi charac-
teristics. As shown in Fig. 4, the BC MOSFET representa-
tion improves upon the prevailing SC MOSFET-like pictorial
depiction of the spatial 2-DEG distribution (e.g., [3]-[5]).
Pictorial depiction provides an intuitive feel for conditions
within the device based on which device analysis is carried
out, and hence should be as accurate as possible. The BC
doping profile makes transparent, the rate and extent of 2-
DEG movement away from the AlGaAs/GaAs interface as
the charge condition varies from saturation to threshold, and
changes in these with temperature. It is immediately clear
from the representation that, a BC MOSFET or MESFET-like
approach to HEMT modeling is more appropriate than a SC
MOSFET-like approach. Note that a MESFET is equivalent
to a BC MOSFET of zero insulator thickness. Derivation
of parameters, particularly those capturing near threshold
current phenomena, in a SC MOSFET-like manner can lead
to discrepancies, since these parameters are closely tied to the

Fig. 3. A comparison of the approximations simulated by the BC-MOSFEZ-DEG |ocation. This is demonstrated below.

representation with rigorous calculations for a HEMT. (a) Subthreshold and ; ; A ; i
above threshole; — Vi for two different bulk dopingsS; and.S2 indicate, The V7 estimated in our approach coincides with the transi

respectively, BC-MOSFET-like and conventional subthreshold regions fortn in the mode of channel conduction from subthreshold dif-
given doping. (b) Above thresholds — V. (c) C — Vi;. fusion to above threshold drift. It can be measured as the gate
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voltage at which the drain-conductance or transconductarafeshort-channel effects in nonuniformly doped MOSFET’s
approaches zero (e.g., [24]), or as the gate voltage when drdiB]. A simplified ‘Box’ doping, used to simulate the one-
current of W/ L)quno[nVi+gnoto/e.] i.€.,~(W/L)x1 pAis dimensional charge-voltage relation in nonuniformly doped
flowing (e.qg., [3]), the conductance and current measurementsgnnel, proved quite useful in simulation of 2-D charge-
being carried out at low drain to source voltage~af.1 V. voltage conditions governing the short-channel effects [13].
In fact, comparing various threshold voltage definitions of Finally, it may be mentioned that we have not addressed
HEMT's and their measurement procedures, it has been shotlve parasitic MESFET conduction in HEMT’s [5], since it
[3] that the V- defined and determined as mentioned above gscurs mostly outside the 2-DEG control regime which is
more appropriate than thE; obtained from theX-intercept the subject of this paper. Nevertheless, it is interesting to
of the drain current v§%; (or n, vs V) plot which has some note that, for gate voltage conditions identical to those in
inadequacies [3]. The difference between our ahéhtercept a HEMT when the MESFET appears in the AlGaAs layer,
Vr estimates is seen from Fig. 3(b), where we have shown tae accumulation layer appears in the BC MOSFET. Except
linear SC MOSFET-liken, — V¢ plot for the HEMT, taking for the distance between the MESFET channel and the gate,
insulator thicknessly+d;+80 A = 480 A [2]. The V; = —0.4 other details of the charge distributions along the channel
V predicted by the SC MOSFET representation is about 25@ngth in the MESFET for various gate and drain biases,
more positive as compared 6 = —0.53 V predicted by are simulated by the accumulation layer conditions in the
the BC MOSFET. It is pertinent to note that authors in [LOBC MOSFET [27] as shown Fig. 4. Further, the approach
report significant measured drain-source conductance evempraisented in this paper neglects capacitance contribution from
voltages which are 0.2 V less than theinterceptV;. Further, AlGaAs donor naturalization effects. This component of the
as per the present SC MOSFET-like HEMT convention, theapacitance simply adds on to the 2-DEG capacitance modeled
nonlinear portion of thex, — Vi curve forVy < Vg <V, in in this paper [5].
Fig. 3(a) and (b), which forms a significant part of the overall
ns — Vg curve, would be classified as subthreshold although
the drain current in this region would be calculated based on ) )
drift transport (e.g., [21], [22]). All such discrepancies are We have established that the nonlinear 2-DEG charge-
eliminated if theVi is defined in terms of the BC MOSFET Voltage phenomena of the complex HEMT can be replicated
representation proposed in this paper. in the much simpler BC MOSFET, proylded the par_ametgrs Qf
It is interesting to note that (12) expressings different the BC MQSFET are chosen appropnately as denved.ln this
from that derived in the unified charge control model dp@Per- This fact may be exploited to model a HEMT directly
[18] from SC MOSFET considerations. For the limiting cas& &rms of its process parameters, using simple closed-form
of AlGaAs layer thickness approaching zero, the value &KPressions of the BC MOSFET with su@able changes in the
(n — 1) approaches zero in [18] but a nonzero value ipobility parameters. Th.e new approach y|elfjsaH.EMT r_nodel
our case. Consequently, for small AlGaAs layer thicknes%,sefm to the cwcqlt engineer for com.put.er a@ed S|mulat.|9r? of
the experimentally extracted value of substrate doping froftftic @nd dynamic performance of circuits, without sacrificing
1 expression of [18] tends to be higher than that obtaind@€ @ppeal to the physical intuition of a device physicist
using our expression. Further the subthreshold paramgter C27Ying out design, analysis and simulation of devices.
in our model as per (26) turns out to be about seven times

V. CONCLUSION
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empirically in [18], and the threshold voltage values in the tWo The author thanks S. P. llanthiraiyan for making some of
models differ by about 80 mV. the calculations and Dr. C. Mathiazhagan for his help in

Now we take up short-channel effects like drain induceﬁ‘nanuscript preparation.
barrier lowering and/r reduction in submicron channel length
devices. It has been shown that these effects in HEMT'’s are
MESFET-like and originate from 2-D potential distribution

under the gate, and that movement of the 2-DEG has to dél R. F. Pierret and M. S. Lundstrom, “Correspondence between MOS
. . . . and modulation-doped structuredEEE Trans. Electron Devicevol.
taken into account to avoid considerable loss of accuracy in gp_3y py 383-385, Mar. 1984.

their analysis [25]. A simultaneous solution of Poisson’s and2] T. J. Drummondet al., “Model for modulation doped field effect

Schrodinger’s equations in two dimensions is necessary for tlrgg;iStOFSv"EEE Electron Device Lettvol. EDL-3, pp. 338-340, Nov.
this analysis [25]. The charge-voltage values obtainable frong) g3 Moon et al., “A new continuous hetrostructure Field-Effect-

such a solution for the HEMT, involving enormous compu-  Transistor model and unified parameter extraction techniglEFE

; ; ; ; ; ; Trans. Electron Devicesvol. 37, pp. 908-919, Apr. 1990.
tation, can be readily simulated in the simple equivalent B 4] G-W. Wang and W. H. Ku, “An analytical and computer-aided model

MOSFET geometry by solving the Poisson’s equation alone,  of the AlGaAs/GaAs high electron mobility transistolEEE Trans.
and such an approach opens up the possibility of an analytical Electron Devicesvol. ED-33, pp. 657-663, May 1986.

; ; ot ) 1« [0] K. Leeetal., “Parasitic MESFET in (Al,Ga)As/GaAs modulation doped
solution along lines existing for MESFET's or MOSFET'’s FET's and MODFET characterization|EEE Trans. Electron Devices

[26]. That such a simulation is accurate in one-dimension has vol. ED-31, pp. 29-35, Jan. 1984.

been established in this paper. The confidence that it can 8 W- A. Hughes and C. M. Snowden, “Non-linear charge control in
fairl ¢ int di . ¢ f . AlGaAs and linear charge control in AlGaAs/GaAs modulation-doped
airly accurate even in two dimensions stems from encouraging g7 »|egg Trans. Electron Devicesol. ED-34, pp. 1617-1625, Aug.

results obtained in analogous context involving simulation 1987
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