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Development of Global Calibration for Accurate
GaAs-PHEMT Simulation

Helmut Brech Member, IEEEThomas Grave, and Siegfried Selberh&allow, IEEE

Abstract—Today’s GaAs PHEMTs make it possible to coverap-  In a production line, it is favorable to cover as many applica-
plications of an extremely wide frequency range, as high as 100 tions as possible with a minimum of process and device varia-
GHz, with a single device type. In this paper, a set of models and yjng. |n order to react fast on market needs, it is crucial to min-
calibrations for the predictive device simulation of GaAs PHEMTs . . 3
is developed. The simulation setup includes a description of the de- imize cycle times and the number of technology runs nece_ssary
vice geometry. In particular, a realistic representation of the re- for the development of a new product. Accurate device simu-
gion between the ohmic contacts and the channel is included along lation can play an important role to meet these requirements.
with the fitting procedure of the simulation parameters and the  To obtain sufficient predictive capability of simulation, calibra-
necessary transport and interface models. In addition, special em- tion has to be global within a certain technology platform which

phasis has been placed on a simultaneous fitting of currents and that simulati Its h to fit well t t
capacitances. The resulting setup allows to describe different de- means that simulation resufts have 1o it well to measurements

vices without changing any nontechnology dependent parameters by adjusting only parameters underlying process uncertainties
and thus provides a global calibration within a given device family. within realistic ranges. In the following, a combination of simu-

This |C?pgb”ity Iits defr?onstrateg_ft;y co;ﬂgaring thehmﬁasured antd lation models and parameters are established which meet these
simulated results of five very different devices which cover gate . ;
lengths from 120 to 500 nm, transconductances from 400 to 800 ”g‘lqlrﬂzufisrsrfgtg[r)eism;néss;tablish a realistic device geometry which
mS/mm, and ungated channel lengths from 70 to 600 nm . h - ! . -
willbe describedin Sectionlll. The differentregions of the geom-
etry can be simulated by various models. In Section IV, the appro-
priate transportmodels for each semiconductor layer ofthe device
will be investigated. In Section V the verification of the simula-
I. INTRODUCTION tion results is described. To obtain a consistent set of parameters
HE GaAs wafer industry has experienced phenomerIQIrthe simulation the results are cpmpared to various data which
growth over the last few years [1]. Today, MESFET&® measured currents and.capacuances extracted from r_neasured
are the working horse for most large volume application§.'parameters' The comparison between measured and simulated

As the demands on device performance are increased offii@in current, is perfo_rmed onthe transfgrcharactgristicsvyith
transistors like pseudomorphic HEMTs (PHEMTSs) and HBTYPs = 2.0V because itreveals the mostimportantinformation
are becoming very important. onthe d.c phgracterlstlcs_s |r)only onecurve. _

PHEMTSs on GaAs are able to cover an extremely wide fre- To minimize uncgrtalntles the s.|muIa.1t|on s.etup is developed
guency range with very good competitiveness over other tedfl @ reference device HEMJ; which d|r_nenS|c_)ns are known
nologies. Depending on the application, different requiremer€"Y Well from process technology. This device will be used
arise. The lower important frequency range 0.9/1.9 GHz is us@!tiple times in the following for investigations and compar-
for mobile communication where HEMTs are competing witfsOnS t0 other HEMTs. To demonstrate the capabilities of the
various othertechnologies such as LDMOS, Si/Ge-HBTs, lll-\2Ptained simulation setup, in Section VI four quite different
HBTs, and GaAs-MESFETSs. Therefore, cheap volume prodLﬂ:QV'CeS n add_ltlon 'FO HEMZE: will be simulated without
tion is one of the most important requirements. These HEM?Qang_'ng th_e S|mulatlop s_etup_ and the set of parameters. O_nly
will typically have gate lengths between 500 nm andn and quantities vv_|th unqertaln_tles given by process technology will
breakdown voltages over 10 V. Frequency bands around 40 Glilfzused to fit the simulation results to the measurements.
for base stations lead to a trade off between RF performance and
power capability. HEMTSs for applications around 77 GHz and
94 GHz are usually optimized in first place with respect to their For all simulations, the simulator MINIMOS-NT was used.
RF performance. Therefore, they typically exhibit gate lengthithe models were described in [2]. For the work presented here
below 150 nm and breakdown voltages around 5 V. only two models should be pointed out, since they are modified

and of particular relevance.
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Thetemperatures are scaled by some arbitrary tempefatdre
is the lattice temperature. Initially, (1) was developed by Hansc
forsilicon[3]where3 = 1. The principaIFn—],jL dependence does §
not hold for IlI-V semiconductors. Monte Carlo simulations re-
veal adependence betwgenx 7;,.* andu  T;,.° [4],[5], [15], Source
[16]. The paramete? is used in the simulation to model the decay; gg
of mobility for moderate carrier temperatures. Eqr = 0 and
T,, — oothe mobility isindependent gf. ;
The second detail to be pointed out is the thermionic fielE
emission model, which reads B

m
Jn2 =q - n2(Tn2) -n2 —q- n2
m

*Unl (Tn ) s
nl

Fig.1. SEM photograph of a HEMT. The ohmic source and drain contacts can
. ex i AEc . f(éE ) ) be identified by the alloy penetrating into the cap layers whereas the Schottky
b kg Ta <) gate contact builds a sharp interface.

The tunneling current through a potential barrier in first order
is j o exp(—(E/kgT,)). Thus, the exponential function in
(2) would readexp(—(AEc — 6E¢/kp - T,1)). To describe
deviations from the idealized tunneling model the exponential
function is expanded into a Taylor series. Thereff{&E:) in
(2) becomes

2
f(6Ec):1+&.<5EC>+@_<6EC> .

Ec

Electron
distribution

=< ""Doping Plane

1 kpT, 2 kg,
B; §Ec \" Upper Lower
+ o < kBTn> (3) Gate Barriesr  Channel Barrier
) Schottky AlGaAs  InGaAs AlGaAs
where B; have to be considered as fitting parameters for the Contact
simulation.

. . . . Fig. 2. Schematic conduction band diagram and electron distribution in the
A physical reason for the inadequacy of the idealized tunr@fannd of a delta doped DH-PHEMT. 9

characteristics is that the electrons in the whole simulation area

are treated as classical particles, i.e., with zero spatial extensigghaves like a dopant in the semiconductor might diffuse into
This means that a simulated electron in the channel close to {hg |ayers or even that metal might reach the channel by spiking.

interface experiences only the properties of the channel Maigsed on the different assumptions, three simulation models for
rial. Itis well known from quantum mechanics that the electrojhe ohmic contacts can be developed.

wave extends several nanometers which leads to nonlocal efA)
fects such as quantization in a potential well [6].
Additionally, in the simulation the electric field is linearly in-
terpolated between grid points. Nonlocal effects described by )
local model as well as interpolation errors would lead to a signif-
icant overestimation of tunneling without modification of (2).

Ohmic contact only on top of the cap layers.
B) Ohmic contact on top of the cap layers with high
doping between the contacts and the channel.
Ohmic contact directly on the channel.
In Fig. 3 a schematic cross section of the investigated
HEMT,; is shown. The hatched areas under the ohmic con-
tacts indicate the regions for which the different models can
be used, i.e., nominal specified MBE-grown layers, nominal
The composition of the simulation area as well as assumnipyers but with doping and contact metal.
tions for the contacts are very critical for the predictive capa- In Fig. 4 measured transfer characteristics of HEMBre
bilities of the simulation. In Fig. 1 a typical scanning electroshown (bold line without symbols) along with three different
microscope (SEM) photograph of a HEMT is shown. The epsimulations. All three simulations are performed with the nom-
taxial layers cap, supply, channel, and buffer are indicatediimal layer sequence, hydrodynamic (HD) transport model in the
the picture. The physical interfaces between the epitaxial layetsannel and in the supply, and drift diffusion (DD) transport
are considered to be abrupt. The ohmic contacts, source amodel in all other semiconductor layers. Electrons can surmount
drain, can be identified by a rough metal/semiconductor intahe energy barrier by real space transfer (RST) which is in-
face which is caused by an alloying process. In contrast, the gafieded in all three simulations by applying the HD model in the
Schottky contact exhibits a smooth interface. A schematic reghannel.
resentation of the conduction band in a cross section under th&Jsing the contact model (A), i.e., ohmic contacts only on top
gate is shown in Fig. 2. of the cap layers and a thermionic emission (TE) model which
Note in Fig. 1 that at the ohmic contacts no metal penetratidges not include tunneling the simulated current is very low
through the cap layer into the supply or even into the chanr(gfjuared symbols in Fig. 4). Even when a constant doping con-
layer can be observed. It is discussed that some material whigmtration ofNp = 3.0 10'® cm~3 is added in the simulation

I1l. COMPOSITION OF THESIMULATED DEVICE GEOMETRY
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Fig. 5. Measured and simulated drain current and transconductance. The
Fig. 3. Schematic cross section of the simulated HEMTref. The region féimulations are performed with different geometric contact models. With

which different models are investigated are indicated by the hatched areas. Source and drain contacts directly on the channel and source and drain only on
top of the cap layers.

600 In Fig. 5, simulation results of the device with ohmic contacts
— Measurement

== TE and contact modet (A) directly on the channel [contact model (C)] are compared with
I 3%52?152%?&1%1&?«) 1 simulation results of the device with nominal layer structure
[contact model (A)]. Both simulations were performed using
the TFE interface model. The threshold voltage of the simula-
tion with directly contacted channel was adjusted by assuming
a 10% lower delta doping concentration than for the simula-
tion with contacts only on the cap. The experimental results of
HEMT,.r and the two simulated characteristics are very similar
nearVr. But for Vs > 0.0 V the current in case of model (C)
e | is much higher than in case of model (A) as well as the mea-
0008 -06-04-02 00 02 04 06 08 1.0 1.2 sured values_. .
Gate source voltage Vg [V] The magnitude of the maximum transconductangeax
and theV;s where it is reached is among the most important dc
Fig. 4. Measured and simulated transfer characteristics. The simulations pgrameters. Both are overestimated if the channel is contacted
performed with the nominal layer structure and an interface model with a'ﬁﬁrectly as shown in Fig. 5. Moreover, neither the reduction in
without tunneling. . .
gm for Vgs > 0.0 V nor the second local maximum ig,,,
which refers to the parasitic MESFET, is reproduced. Using con-
[contact model (B)] the characteristics are not improved signifact model (A) the simulated and measured characteristics com-
icantly (triangle symbols in Fig. 4). For the simulation applyingare very well.
athermionic field emission (TFE) interface model without addi- The different setups for the ohmic contacts lead to significant
tional doping the simulated and measured data (circles and bdifferences in the simulated carrier transport properties of the
line in Fig. 4) agree very well such that the two curves are (IEMTS. In Figs. 6 and 8 the current distributions for the two
top of each other for the most part of the characteristics. cases are shown both b5 = 2.0V andVgs = 0.5 V. This
As described before the third possible approach for the ohngiarresponds to a bias point between the two local maxima of the
contacts of HEMTs is based on the assumption that metal fraransconductance given in Fig. 5. In both cases the channel can
the ohmic contacts spikes through the AlGaAs supply laybe identified by the layer with the highest current density.
facilitating an ohmic contact directly on the channel [contact If the ohmic contacts are directly on the channel as shown in
model (C)]. In this case, most electrons would not have fig. 6 most of the electrons flow directly from source through
cross the energy barrier between the channel and the supplythetchannel to the drain contact. Therefore the current through
would be conducted directly from source through the channtéle channel is still governed almost linearly by the gate and
to the drain. This is a quite commonly used assumption f@RST) is underestimated. If the contact resistance in the sim-
heterostructure devices [7]-[9]. ulation would be reduced to zero and the current flow over het-
Two aspects of this model will be investigated in the folerojunctions prevented (no tunneling) this would correspond to
lowing. The first is the consequences of this contact model ¢ime intrinsic transistor.
the simulated current transport in HEMTs and the resulting If the contacts are only on top of the cap layers as shown in
characteristics. The second aspect is experimental results-ig. 8 the electrons have to cross the energy barrier between the
gain more insight into the ohmic contacts of manufacturezhannel and the supply beneath the end of the gate. Moreover,
HEMTSs. for high currents the electrons heat up and start to surmount
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Fig.6. Currentdensity of the HEMT geometry with directly contacted channglg. 8. Current density of the HEMT geometry with contacts only on top of the
atVDS = 2.0 VandVGS = 0.5 V. In addition to the current conducted cap layer al’ DS = 2.0 VandVGS = 0.5 V. All electrons from the channel
through the cap a large fraction is conducted directly from source through thvaich contribute to ID have to be partially conducted in AlGaAs layers. The

channel to the drain. The geometry is not in linear scale. geometry is not in linear scale.

o00 PHEMTSs were produced in different technology runs which re-
T 500 sulted in a shift oft’- due to slightly different recess depths. A
€ more positivel, obtained for the device witds = 42 nm,
3400 i u_sually leads to a.h.igh@l;n max bgt to alowerlp ax. IN addi-
=) tion to a more positivé’ this device has a 35 nm largés than
E a0l the other device, butp ..., is significantly larger. If the depth
3 of spiking would be in the order of 120 nm (thickness of cap and
g 200l supply) one would expect a reducéd ,.,.x. Thus, if spiking is
a an appropriate assumption the depth has to be much deeper than

120 nm. Itis believed that the reason for the enhardged... is

-8.6 04 02 00 02 04 06 0.8 1.0 a reduction in crystal damage which usually occurs by etching
Gate Source Voltage Vos [V] the double recess in the cap layer.
Fig. 7. Measured transfer characteristics of two devices which differ only in TQ close the chain of prOOf.aga_‘mSt spiking t[he depth o_f the
their thickness of undoped AlGaAs supply layer between the ohmic conta@Bmic contact metal penetrating into the semiconductor is es-
and the channel. timated. Fig. 9 shows a SEM photograph of a HEMT with al-
loyed ohmic contacts from the bottom. With a special prepara-
the barrier already under the gate. Therefore more currentign technique the semiconductor was removed. The T-shaped
conducted in the barrier layers where their mobility is rathgrate finger can be clearly identified between the ohmic source
low and thusg,, is reduced. This effect is not only importantand drain metals. The light spots on the ohmic contacts show
for modeling the transfer characteristics but essential to descrfmne remaining semiconductor material. The dimensions can
short channel effects. be estimated by comparison to the gate length which is about
More evidence that the contact model (A) is a very realistR00 nm. It is evident that the total contact area is much smoother
assumption is obtained by aspects obtained from experimeriteln 200 nm. Therefore, it is clear that the HEMT cross section
results. The directly contacted channel model [contact mod#lown on the SEM photograph in Fig. 1 is not a coincidental but
(C)] relies on the assumption that contact metal spikes througtvery typical one.
the cap and the barrier layers along with doping high enoughNonalloyed ohmic contacts on top of the cap layer have led
to facilitate an ohmic contact to the channel. This mechanisimvery good HEMT characteristics for InP based HEMTs [10],
either depends on the thickness of the cap and the barrier layjédd. This is another argument that contacting the channel is not
through which spiking should occur, or the spiking has to keeprerequisite for excellent performance. In our case, sufficient
much deeper than the thickness variations of the layers betwegidence has be given for the contact model (A). It was proven
ohmic contact and channel. that the simulation of the nominal given layer sequence with a
To investigate this issue, two PHEMTs with double receskermionic field emission interface model is well suited to de-
were fabricated which basically differ only in the thicknelss scribe the dc characteristics of the different HEMT’s discussed
of 7 nm and 42 nm indicated in Fig. 3. In Fig. 7 the measurdtere. Therefore this setup will be used for all following simula-
transfer characteristics of the two devices are shown. The tdons.
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Fig. 10. Measured and simulated transfer characteristics for different transport
models. Circles indicate DD in all layers, squares HD in the channel and DD in

the remaining layers, and triangles HD in the channel and supply layer, DD in

the remaining layers.

Fig. 9. SEM picture of the contact metals of a HEMT from the backside with
removed semiconductor. A gate finger as well as alloyed ohmic contacts on both
sides are shown. Some remaining GaAs can be observed by the lighter spots on
source and drain.
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IV. DETERMINATION OF THE TRANSPORTMODELS

In the following section, different combinations of transport
models will be investigated. Some models can lead to signifi-
cant increase in computation time or to convergence problems.
Therefore, it is necessary to find the optimum combination of
models.

In HEMTS, current transport in three main layers under the
gate has to be considered, namely in the barrier layer below the
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impact of employing different transport models in these layers

will be shown for HEMT,;. Fig. 11. Measured and simulated transconductance for different transport

In Fig. 10, measurements and simulations of the transfer chabdels. Circles indicate DD in all layers, squares HD in the channel and DD

acteristics are compared. One simulation is performed WitH”éhe remai_ni_ng layers, and triangles HD in the channel and supply layer, DD
. . .. in the remaining layers.

DD transport model in all semiconductor layers. This is com-
pared to simulations were either in the channel or in both the
channel and the supply layer a HD model is used. In any casarrent, the additional reduction is not reproduced very well.
the DD model is used for all other semiconductor layers.  Also thermal effects become significant which are not included

The measured and all three simulated transfer characteristitshe simulation. This issue will be further addressed in Sec-
exhibit the samé/;;,. The simulation with the DD model in all tion V. It appears that the simulation setup with the HD model
semiconductor layers shows the lowéstand an almost con- in the channel and the supply layer is able to reproduce almost
stantg,,. This is due to the fact that no velocity overshoot ithe entireVss range.
taken into account. Therefore, the average electron velocity isBased on these results, it seems that the HD model would
lower than in the cases were a HD model is employed. Usia¢go be favorable for the buffer layer. The simulations shown
the HD model only in the channel and the DD model in all otheén Figs. 10 and 11 reveal slightly higher simulated than mea-
semiconductor layers (squares in Figs. 10 and 11) the curreated current values even with only a DD model applied in the
increases more rapidly up tolgs of about 0.5 V. This part lower barrier layer. To achieve agreement between simulation
of the I, andg,, characteristics coincides very well with theand measurements, an unrealistically low saturation velocity has
measured data. Féizs > 0.5V, however,ip andg,, are too to be used in the DD model for the buffer. The simulation of the
low, similar to the case of pure DD transport. Again the sanmseibthreshold region is a common problem in device simulation.
problem arises that no velocity overshoot is taken into accould a physical reason it is discussed that the carriers might be
in the supply layers. better confined in the channel due to quantization effects than

If the HD model is applied in the channel and the supply layassumed in the bulk model [12]. Therefore, the DD model will
(triangles in Figs. 10 and 11) the simulatéd and g,,, coin- be used in the buffer layer for all further simulations.
cide extremely well with measurements. In this case even theThe results discussed so far show that the simulation setup
second maximum i, appears which is related to the parapresented in Sections lll and IV (i. e. contacts on top of the cap
sitic MESFET. However, due to an underestimation of the gateyer, a TFE interface model, and the HD model in the channel
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and the supply layer) is able to model the most important devi 29 A 500
characteristics very well. ek i
_ < 400
V. FITTING PROCEDURE E16f
S

In the following, section the geometrical setup and the tran 3'21,4-
port models described above will be used. The structure ofar g
device after the process is known only with a certain accura«,§1~2‘
Therefore, the simulation results have to be fitted to the me §1 ol
surements by adjusting these parameters. e

The basic problem of the fitting procedure is, that the set &g}
unknowns is large enough that a given characteristics can
modeled by different combinations of geometry and model p 26}
rameters. For instance a certain current dersign be obtained sbe z ) , , ) ) ) ) 1,
by different products of carrier concentrations _and velocitie -2 -1.0 -08 -08 G';:Soﬂgevgt-gge\‘}:m 04 06 08 10
n - v. Therefore, not only the drain current but simultaneousiy
the gate capacitances was calibrated ve¥aus This way a cer- Fig. 12. Gate capacitance extracted frdirparameter measurements and
tain distinction between carrier concentration and velocity carixed DD/HD simulations using a quasistatic approximatioi’@.5 = 2.0

: o : L _An increase in electron velocity reduces CG but increases ID. This way the
be made which re_dlflces unce,rFa,mtleS SUbStamla”y and, thl'ls’ellré‘o(\:tron velocity can be separated from the electron concentration.
creases the predictive capabilities.
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] ] o obtained with a HD model in the supply as depicted in Fig. 12.

A. Simulation of the Transfer Characteristics This shows that the capacitances are extremely sensitive to car-

The fitting procedure uses only parameters which are subjeigr density and velocity.
to process uncertainties within realistic ranges such as the effeclf a HD model is applied in the supply layer both thg and
tive barrier height of the gate Schottky contégs, the location Cg characteristics improve. Foéfzs < 0.6 V both characteris-
and concentration of the doping in the suppfyys and in the tics are within5% of the measured and extracted data, respec-
buffer layerNp g as well as the gate to channel separatign:  tively. This was obtained by fitting,, v5**, and for both the
to fit the threshold voltag®;. Fitting the transfer characteristicsinGaAs and AlGaAs material.
for Vizs > Vi both the carrier concentrations and the velocities For Vgs > 0.6 V the measured and simulated current char-
have to be simulated. The electron velocity in MINIMOS-NT iicteristics agree well if a HD model is used in the supply but
determined by the mobility and the driving force [2]. In the HO deviates significantly from the extracted values. The reasons
model the reduction of the mobility in the high field regime igor this insufficient characteristics are manifold and include the
modeled by the electron temperature as shown in (1). Therefd@lowing. The interface charge density between semiconductor
7., 2%, andg are fitting parameters for the electron velocity.and passivation is taken to be constant which might not hold for

The simulation of the parasitic MESFET region is basicallpigh gate voltages. The HD mobility model must be improved
related to the transport model used in the supply layer as @ecording to [4] were additional effects specific to the mobility
scribed in Section IV. As shown a HD model in the AlGaA®f IlI-V material are proposed. This will have a significant im-
supply layer is necessary to model the second local maximupact on the carrier velocity and density similar to the differences
in g,,. The quantities,,., 3, andr,, for AlGaAs are used as the observed for DD and HD and therefore influer@g. Finally,
fitting parameters. the impact of the semiconductor heterojunction interface model

Electron concentration and velocity can be separated by cémd thermal effects on the output characteristics which will be
sidering both thd (Vs ) and theC (Vs ) characteristics. An illustrated in the following section.
increase in carrier concentrations leads to an increase infpoth ) ) o
andCq, but an increase in carrier velocity leads to an increaSe Simulation of the Output Characteristics
in Ip and to a decrease ;. Therefore, a simultaneous fit of Fig. 13 shows the simulated output characteristics indicated
both gate capacitance and current characteristics has to be dneircles along with measured data. As depicted, the charac-
sidered. teristics agree quite well foVps < 2.0V and Vgs < 0.6

In Fig. 12 the gate capacitance extracted fr8marameter V. The discrepancy between simulation and measurements for
measurements of HEMJ; is shown along with simulate@; Vps < 1.0 VandVgs > 0.2 Vis related to the interface model
curves. Also, the corresponding measured and simulated valagd the transport model in the channel. With the applied models
of g, are depicted which correspond to the measured dataaind the corresponding fitting parameters it was not possible to
Fig. 11. reproduce this part of the output characteristics very well.

As aprevious result, DD transport in the supply layer revealedFor largei/p s go in Fig. 13 is underestimated because impact
too low I, for Vs > 0.2 V. Thisis due to the relatively low ve- ionization is not included in the simulation [13]. For hi§ s
locity of electrons in the supply layer for this model. Whereafie measured results show a negative gradient which is most
for Vas < 0.2 V no difference in/p could be observed and likely due to temperature effects as the device heats up and the
only a minor difference occurred if,,, the C applying DD transport properties are deteriorated. This, in return, reduces the
transport in the supply layer differs significantly from thg; current. Temperature effects are not included in the simulation.
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Fig. 13. Measured (lines without symbols) and simulated (lines with circleg)g. 14. Simulated (line with symbols) and measured (line without symbols)
output characteristics of HEMI;. The characteristics with the highest current®rain current ID and transconductange: atV DS = 2.0 V.
are obtained fov’'G'S = 1.0 V. The remaining curves are separatedt¥S =

0.2 V.
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Low field mobility GaAs 1000 cm*/Vs 9 400t 400 §
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Low field mobility AlGaAs 1000 cm*/Vs £ S
Saturation velocity AlGaAs 0.7%10"cm/s A 200t 1200 2
: I,
HD ﬁttmg par:‘ameter B AlGaAs 0.6 100l 1005
Relaxation time T, AlGaAs 0.1 ps
" P 3 4 o= el . . X
Low fu?ld moblh‘ty InGaAs 6000 o /Vs 90.2 00 02 04 06 08 10 12 0
Saturation velocity InGaAs 1.1*10°cm/s
- Gate source voltage V,, [V]
HD fitiing parameter f§ InGaAs 0.9
Relaxation time T, InGaA. 0.17 ps
%?:;ifiz tlme 1‘”1 — :L = = P Fig. 15. Simulated (lines without symbols) and measured (lines with symbols)
. 1ve tunne ‘ength nm Drain current ID and transconductanpe atV’ DS = 2.0 V of two millimeter
Coefficients of tunneling Taylor series B; B;2=1.0, Bi»=0.0 wave HEMTSs with different recess depths.
They can account for more than 10% changEjratVps = 5.0 In Fig. 15 the transfer characteristics and the transconduc-
V [14]. tance of two RF devices both with; = 120 nm are shown.

The parameters which provided the best simultaneous fit Beth devices have been produced on the same wafer. Due to in-
tween simulated and all other investigated characteristics &ix@mogenities in the recess depth, they exhibit different charac-
given in Table I. These parameters and all other in the simigristics. The simulation of the device with;c = 13 nm was
lation which do not have technological uncertainties remain uagain fitted to measured results as described above. The char-
changed for all other devices. More detailed information on ttaeteristics of the second device are obtained only by changing

fitting procedure can be found in [15]. dac to 10 nm. Fig. 15 shows that even the device with an ex-
tremely smalldg ¢ is simulated very well.
VI. SIMULATION OF POWER AND RF DEVICES More detailed measurement and simulation dc and RF results

To demonstrate the capabilities of the simulation setup foar both the power and RF devices can be found in [15].

different devices are simulated and compared to measured dc
data. Two power devices are produced on the same wafer which
differ only in their gate length and two RF devices which differ We have presented a simulation setup that is capable of pre-
only in their gate to channel separation. dictively simulating GaAs-based PHEMTSs with high accuracy.

In Fig. 1415(Ves) andg,,(Vas) of the power devices are For the simulation setup, it is shown that the device geometry
shown. The simulation of the device with; = 220 nm was used for simulation is extremely important. We have demon-
fitted to the measurements only by changing parameters whathated that no additional assumptions regarding the contact to
are technology dependent well within realistic ranges. The rdre channel should be made other than the nominal given layer
sults of the second device are obtained by only chanding sequence, i.e., ohmic contacts only on top of the cap layer. To
without any additional fitting. As shown both characteristicsimulate the transfer characteristic, a hydrodynamic transport
compare very well with the measured data. model at least in the channel is necessary. To accurately describe

VIlI. CONCLUSIONS
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the device behavior for highéf; s also a hydrodynamic model [12] C. Moglestue, “A Monte Carlo particle simulation of quantum trans-

Should be used In the Supply Iayer. TO flnd approprlate Slmula_ pOrt in MODFETS," inProc. 9th Ill-V Semiconductor Device Simula-

. did | . | d d tion WorkshopHeeze, The Netherlands, May 1996.

tion parameters, we did not only compar_e simulate an. me'%I3] G. Meneghesscet al, “Study of breakdown mechanism in 2D

sured currents but also extracted and simulated capacitances. MESFET's,” in Proc. WOCSDICE1997, pp. 21-22.

This is extremely important, since this way the carrier concenl!4] Y. Okamoto, K. Matsunaga, M. Kuzuhara, and M. Kanamori, “Novel
. b df h locity. To d h InGaP/AlGaAs/InGaAs heterojunction FET for X-Ku band power ap-

trat|on_ can be se_par_ate _romt e velocity. To emonstrate_t € plications,” in1997 IEEE MTT-S Digpp. 1191-1194.

capabilities of this simulation setup, measurements and simyt5] H. Brech, “Optimization of GaAs based high electron mobility transis-

lations of five HEMT’s with different epitaxial structures and tors by numerical simulations,” Ph.D. dissertation, Tech. Univ. Vienna,
ite diff . d. All devi . Vienna, Austria.

quite di (_arent geometries _are presente . eymes were S”T[IG] C. Kopf, H. Kosina, and S. Selberherr, “Mobility model for Ill-V

ulated with only one consistent set of simulation parameters.  compounds suited for hydrodynamic device simulation,Pioc. Inst.

To fit simulation and measurement, only parameters were used Physics Conf.Cheju Island, Korea, 1995, pp. 1255-1260.

which have technological uncertainties all well within realistic

ranges.

Thus, simulation is able to meet the rigorous and inevitable
requirements for predictive simulation of PHEMTSs. This mak
it an extremely useful and practical tool not only to optimiz
device performance but also to reduce technological effort
optimization of performance, yield and cost.
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