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We presentananalyticalapproackor modellingthe planarstructureof GaASMESFETS
with the aim to determinecurrent-wltagecharacteristicend breakdevn voltagefor re-
versegate-drairbias. With the two-dimensionahlnalyticsolutions,we candeterminehe
electricpotentialandfield, and carrierandvelocity profilesin the device. The resultsof
simulationarecomparedvith the availableexperimentadata.
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1. Introduction

The demanddor optimizationof various GaAs semiconductodevices requireim-
proved modelsof their behaiour [1-9]. Analytical modelsare suitablebecausehey can
includemary effectswith no needfor previous experimentaimeasuremenwhich is con-
venientfor designingnew andmodifying the existing devices.
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A numberof papergdealwith the analyticalbehaiour of GaAsMESFETS[1-3,6,7].
Taking into consideratiortheir results,we presentmodified two-dimensionamodelsfor
the planarstructure.In our models,we take the effect of surface stateswhich was not
the casein previous models[1-3,6], and determinethe analytical solution of the two-
dimensionalPoissorequation.We derive relationsfor the potentialdistribution, the field
distribution andcarrierprofilesin the channelthat allows the calculationof thel-V char
acteristicsandthe breakdevn voltagefor reversegate-drairbias,the carriervelocity dis-
tribution andthe concentratiorof thecarriers.

The reversebreakdavn voltageis a significantfactorlimiting the microwave power
outputof GaAsMESFETSs.Therearecertaineffectsthat shouldbe described6,7,10-13]
and betterdesignsolutionsshouldbe soughtfor. We found that certaineffects (surface
statesjnsulationmaterials)canbe describedvith our model.

2. Themodel

Schematiadiagramof the analyzedolanarMESFET structureis givenin Figs. 1 and
2. To simplify theanalysiswe divide the channeinto four regions,alongthelongitudinal
axis.In comparisorwith previousmodelstheregion|V is new in theanalysiswherewe
take into accountheeffect of surfacestates.

Figure 1 shows the region | (underthe gate),wherethe strengthof electricfield is
belov Er (the threshold field at which the electron drift velocity attainsthe
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Fig. 1. Schematidiagram(cross-sectiondpf a planarMESFET structurefor the analysis
of 1-V characteristics.

maximumvalue)andthis is the low-field region. ThevaluesL; andL;, aredeterminedas
in Ref. 1. In theregionll (alsounderthegate) theelectricfield is strongetthanEr. Thatis
thecasean regionsllil andlV, butthey arenotunderthegate.In theregionlV weintroduce
the effectsof surfacestates.

Basedon the analysisin Ref. 1, we assumeéhe constanichannelcross-sectiotin the
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regionsll, Il andlV. Theregion IV is new in comparisorwith the modelsgivenin the
literature,andin this region we consideithe effectsof the surfacestates.
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Fig. 2. Schematidiagram(cross-sectiondpf a planarMESFET structurefor the analysis
of breakdevn voltagecharacteristics.

For theanalysisof thebreakdaevn region, we useFig. 2. Regionsl andll aresymmetric
with respecto the centerof the gateelectrodg6]. In the analysiswe assumdhe source
anddrainelectrodegrounded.

To getthe potentialdistribution asa function of the parameterselevantfor the anal-
ysis of the given structurefor all regionsof the channel,t is necessaryo solve the two-
dimensionaPoissorequation:

OV 0V _ aNo(Y)
oxX2  ay2 &

1)

The boundarieof the regionsaredeterminedy boundaryconditions[1,2,6]. As the
boundaryconditions,we assumehe continuity of the potentialacrossthe interface,and
that the trans\erseelectric field vanishesat the boundaryof the depletedregion. Then,
we assumehatthe electricfield alongthe channelis continuousat the boundaryof the
depletedegion[1,6].

Theboundaryconditionsfor region IV, thataccountdor surfacestatesare

Mv _ ., Pss
Vv _gPss
Y (L0 =9 2 @

whered andy areparametersvhere:d < y,y > 1,9 = 1. Theseconditionsaredueto the
assumptionghattheamounf thesurfacestatedecomesmalleratalargerdistancdrom
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thegateedge.Thentheuniversalsolutionof the Poissorequatiorhastheform [1,6]:

V(x,y) = [Aexp(kx) + Bexp(—kx)] x [Ccogky) + Dsin(ky)] + F (¢ — 3xy?)
y %
Gy = 3) + HOR = y2) + Ixy+ Ix+ Ky + M — gﬂ / dy / No(yNdy!  (4)
o 0

whereA,B,C,D,E,F,G,H,I1,J,K,M andk areconstantsvhich areto bedetermined.
Thedraincurrentis determinedas

Ip=lc + Wb/Rp 5)

wherel. is thechannekurrentcalculatedas

a
av
le=aZ / Nb(y) K(y) dy (6)
h
in thelinearregionand
; E
lc=09Z / No(y) K(y) dy ———= (7
h 1+ (—LEECE )

in thekneeregion.\/p is thedrainvoltage Rp thesubstrateesistanceZ thechannelwidth,
V the potential,h the depletionwidth, a the active channeldepth,E the electricfield, E.
andE, aretheconstantgleterminedn Ref. 1, Np thedopingconcentratiorandpss is the
surfacechage.In the saturatiorregionthe channekurrentboecomesonstant.

Thebreakdaevn voltagecanbe determinedisingtherelation[6]

/anexp (—/S(O(n—ap)ds’) ds=1 (8)

R 0o

wherea, is the electronionizationrate, a, the hole ionizationrate, P the integral path
along the streamlineof the electric field emanatingfrom the gate edgeand s the path
length.lonizationcoeficientsaredeterminedrom therelations

1.6

an = 2.994x 10°exp l— (W) ] (9)
1.75

ap=2.215x 10Pexp l— (M) ] (10)
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wherea, andap aregivenin cm!

Thesolutionsfor the potentialdistributionin region IV for thecurrent-wltagecharac-
teristicsaregivenin Eq. (11), andfor thebreakdevn voltagein Eq. (14).

2Eth L X Y
Viv,I-v (X,Y) = 1T_[T nh(th) exp( 2hr )Sm(ZhT)

o2 2 U2 —Loaz Laay
+(X3=3XY?) — = 4+ (X?-Y [ - ]
( )6hT(L4—L3) ( ) 2hr (La—Lg) h2

+XY

(08)) i |:2L3L4G _ (08))
(Ls— La) 2 ' 2hr (La—Lg)

L3as 2L3001 ZEThT . i, T4
+Y- [ED— Ca=La) - hr ]+ - smh(ﬂ) [1—exp(—ﬂ)]

:
Lsa
+VD—ICRD+EE/dY/ND(Y’)dY’+ =3 (12 _12) — Erls— Ephr
S
0 0

[2Lals— L5 —h3] + ET]

h2

1 212
hr(Ls—Lg)+ —= [ Lg (L2 —h?3) + Ly | =2 — 2L 3Ly + 212
+L4—L3(a2 T (L3 4)+2h (3(4 7) + 4( 3 ala+ T)))

Y

+Vo— Eﬂ / ay’ / No(Y")dY”, (11)

0 0

where
01 =Ep, v + Erc — Er cosh E (12)
’ 2ht
Pss  2L3 milo T4

=9—+ —0a1—Ep—E h  — 13
ap =97 =+ a1 —Eo T Sin (2h &P{ — o (13)

hr
whereEp = (q/¢s) [ Np(y)dy, hr is thedepletionwidth in thesaturatedegion, Erc is the
0

surfacefield dueto thefixedchagedensityin the passvationinsulatorandVy = Vg — V.

Viv,vor (X, Y) = VacoshkLz) exp(—kX) sin(KY )+
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(X3_ 3XY2) L + (XZ_YZ) |:2a_|-3al _ L3G2:| +XY 0(1

6a(Ls— La) (La—Ls) @& (Ls—Ls)
(L3 - a?) L2a;
X- |2 ——La,—{E Erc +Va k kL 3
+ 2 02 {Epvbr + Erc + Va kcosh( 2)}+a(L4—L3)
wv[Egyy - 30 _2sae] o L3] 2L3 a1
DVEr T, T ) 2177 32| 32 (L-Ly)

Y y
VoL [y [No(y)ay, (14
0 0

a
wherek = oo, Ep vbr = (0/€s) of Np (y)dy, and

Va— Y(Pss/€s) — Epvbr + (2L3/@) (Epvor + ErFc)

A7 k- [cosh(KLz) exp(—kLg) + (2L3/a) sinh(kLz)]’ (15)
2L
ai = yi—s‘s‘ — Epwbr + ?3012 —kVa cosh(kLy) exp(—kLa), (16)
S
Oy = ED,Vbr + Erc—Va kSinh(kLz) . a7

Takingthe derivativesof potentialdistributions, it is possibleto calculatethe electric
field. Theelectrondensityalongthe channekanbe estimatedrom therelation

_ g 02V
) =No()+ o 5 _— (18)

3. Resultsanddiscussion

Accordingto the presentednodel,we developedthe algorithmfor the numericalcal-
culationof the electricfield, the electronconcentratiorin the structureandthe current-
voltagecharacteristicsWe analyzedheinfluenceof sometechnologicabndgeometrical
parametersntransientharacteristicsSomeresultsarepresentedn Figs.3-9.

In thel-V characteristicsimulationswe calculatedheinfluenceof the shortchannel
onthethresholdvoltage.Resultsof simulationshov thatwhenthe gate-sourceoltageis
closerto thethresholdvoltage thedraincurrentshave smaller
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Fig. 3.1-V characteristicef GaAsMESFET Experimentatesultsfrom Ref. 6 aremarked
by circles.Device parameterare:a= 0.12um, Z = 100pm, Np = 1.0x 10 cm ™3, L =
2.0 um.
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Fig. 4. Thecalculatecelectricfield.

valuesbecausé¢he active channebecomesarrover. For the high-field region, maximum
field atthe surfaceis onthedrainsideof the gateelectrodeln the channelthe maximum
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valueis betweerthesetwo electrodesTheelectricfield de-
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Fig. 5. Thecalculatecelectronconcentratiorof GaAsMESFE Tdevice.
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Fig. 6. The calculated|-V characteristicof GaAs MESFET device for different
gate lengths. Simulation parametersare: a = 0.2 ym, Z = 100 um, Np = 1.0 x
10 cm =3, Vgs= 0 V. Gatelengthsare: 0.3 pm, 0.5 ym, 0.7 um, 1.25 pm, 1.5 pm,
1.75pm and2.0 pm.

caysvery quickly from thegateelectrodel -V characteristic$or the differentgatelengths
shawv thatthedifferencedbecomesmallerfor thegreateigate-lengtivaluesandarenotlike
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thosein classicarelations.For smallergatelengthsthedifferencesarebigget
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Fig. 7. Thecalculatecklectricfield. Trans\ersalfieldsareshavn by - - . Device param-
etersare:a=0.2um, Lg = 1 pm, Np = 1.0 x 10%" cm™3,
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Fig. 8. Simulatedresultsfor breakdeovn voltagesasa functionof active channetepthwith
doping concentratioras a parameterExperimentakesultsafter Ref. 1 are marked with

circles.

Simulatedresultsfor the breakdevn voltagesareshavn in Figs. 7-9. Figure8 shows
agoodagreementvith theexperimentalesults.The breakdevn voltagesdependnuchon
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thetechnologicahndgeometricaparameterdik e dopingconcentratiomndactive channel
thicknessTheinfluenceof the electricfield strengthis greatemearthe surface.Sowith a
greaterchannethicknessthebreakdeovn voltageshecomeconstantbecauselectricfields
atgreaterdistancesarenggligible in comparisorwith the valuesnearthe surface.
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Fig. 9. The breakdavn voltageas a function of the densityof surfacestates.Device pa-
rametersare:a= 0.2 pm, Lg = 1 um, Np = 1.0 x 1017 cm3,

Therelationsamonghebreakdevn voltagesarenot proportionato thedopingconcen-
trationaccordingo therelationg(8—10).We canseethattheelectricfieldsattainmaximum
valuesneartheedgeof gateelectrodeandtheaim of designerss to have thesefieldssmall
[11-13]. Theinfluenceof the surfacestatess not negligible (Fig. 9) andis in accordance
with theresultsof Ref. 10. Theresultscanalsobe usedandfor the overlapping-gatstruc-
ture[12].

4. Conclusion

We presentechn analyticalmodelof GaAsMESFET The modelis suitablefor sim-
ulationsbecausall parametergor the analysisare describedby analyticalexpressions.
This simplifiesthe analysisandallows predictingof the device behaiour andadjustment
of technologicaparameterso thedevice projectdemandsthusdecreasinghe costsof de-
signingof new devices.Theparametergicorporatedn theserialresistancenodelsdeliver
resultsin agreementvith SPICEmodelsthatthe new simulatorscommonlyuse.

In themodelfor 1-V characteristicoywe solvedanalyticallythetwo-dimensionaPoisson
equationthat allows the analysisof electricfields inside the channeland prediction of
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the device behaiour in the casesof high voltage and/orhigh fields, which is of great
importancan thedesignof new andfor modifying the existing devices.
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IZMIJENJENIDVODIMENZIJSKI ANALITI CKI MODELI, STRUINO-NAPONSKE
KARAKTERISTIKE | NAPONPROBOA PLANARNOG GaAsMESFETA

Predstaljamo analititko modeliranjeplanarnogGaAs MESFET i odredvanije strujno-
naponsk karakteristile i probojnognaponau uvjetimainverznepolarizacijevrata-odwd.
Pomdaudvodimenzijskihanalitickih rjeSenjamoguseizratunatiraspodjelgolja, koncen-
tracije nositeljanabojai raspodijelanjihovih brzina.Dobiveni ratunskirezultatiprikazuju
seu dijagramima usporedju s dostupnimeksperimentalninmezultatima.
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