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A Physics-Based GaAs PHEMT Noise Model for
Low Drain Bias Operation Using Characteristic
Potential Method
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Abstract—A new physics-based noise model of a GaAs PHEMT can be an effective method for calculating the intrinsic noise cur-
is developed using characteristic potential method” (CPM). The rent density in this case. In this work, CPM was applied for FET
model calculates the intrinsic noise current sources using CPM. noise modeling for the first time, and was used to develop a new

Combined with the extrinsic noise parameters extracted from the . - L o
measuredS-parameters, the model reproduces four noise parame- physics-based noise model requiring no fitting parameters. The

ters of the device accurately under low drain bias voltages without Validity of the noise model is verified under low-voltage opera-
using any fitting parameters. The model is verified with a 0.2zm  tion by comparison with the measured data.

GaAs PHEMT and shows excellent agreement with the measure-
ments for all the noise parameters up to a drain voltage of 1 V. Also,
the proposed method allows the simulation of the microscopic noise
distribution and thus allows one to get physical understanding of Fig. 1 shows the noise equivalent circuit of a HEMT used in

Il. NoIise MoDEL UsING CPM

noise mechanisms inside the device. this work. It uses short circuit noise current sour¢gs,) to
Index Terms—Characteristic potential, Characteristic potential model the intrinsic noise sources within a HEMT. To achieve
method, noise model, PHEMT. a complete noise model, accurate information of the extrinsic

elements is required as well as that of the intrinsic noise currents.
Presented model uses “characteristic potential” to calculate the
intrinsic noise currents, and uses measuffgghrameters of the

HE noise model is required to understand the noise-gefevice to extract the extrinsic parameters.

eration mechanisms inside the device as well as tOThe characteristic potentia] for thiegh terminal (¢k) of a
design low noise circuits. Numerous noise models have begjen device is a function that is defined by a Laplace equation

proposed by a number of researchers [1]-[5]. Noise modglsder a certain boundary conditions as follows:
for FETs reported so far can be classified into two categories,

“physics-based model” (for example, Pucel [1], Gupta [2], V- os(7) + jwe(P) Vi (F,w) =0 Q)
and Pospieszalski [3] models) and “semi-empirical model” - _
(Fukui [4] model). The former type is preferred in view ofvhere the boundary conditions f@y. are given by
understanding and optimizing the noise performance of the R . R R .
devices. However, previously reported physics-based models (@) | = Bomy W Vo(T W) [ =0 (2)
require at least one fitting parameters that represent intrin%ere(/)k is the characteristic potential of electralded,, is the
noise contributions. These parameters need to be extracigftact area of electrode, and A* is the area except,,s.
from the noise parameter measurements. However, a completgnder the assumption that thermal noise is the major noise
noise measurement set up is complicated and costly, angniéchanisms inside the device, which is a valid assumption at
takes a long time for accurate calibration. low drain voltages, the characteristic potentials can be used
In this work, a physics-based GaAs PHEMT model that do@§ calculate the power spectral density of the short circuit
not require any fitting parameters is developed using charafise currents of théth terminali(t), and the cross power

teristic potential method (CPM). CPM was originally develspectral density of;,(¢) andi,,(t) using the following volume
oped for mesoscopic devices in [6], and was extended to mulitegrations [7]

terminal devices in [7]. Under low-voltage operation, the in-

trinsic device noise can be assumed to be dominated by the (i) = 4KT/dvas(F')V¢k(F, W) - V(7w Af (3)
thermal noise, in which case the expressions for the intrinsic v

noise sources are exactly known. As will be shown later, CPM (6%} = 4KT/de(7_f)v¢k(F’ W) - Ve (7, w) A (8)

v

. INTRODUCTION
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i) Obtain material properties such as position-depender Vrs R Rd  pre
carrier concentrations, mobilities, and therefore conduc®——uwuw] . A ©
tivity (o) inside the device from a device simulator by L, i @ '.mzf;ﬁ' D ia La
solving the Boltzmann transport equation. (Commercia

dc simulator is used to carry out this step. Mobility

model used in the simulation was field-dependent Co R R
mobility model, and its parameters were optimized to
improve the correspondence between measured ar
calculated-V curve).

ii) Calculate the characteristic potentials for the gate and th
drain terminals of the intrinsic FET by solving the corre-
sponding Laplace equations (1) using an FEM simulator. _ _ o

iii) Evaluate the noise current sourcg(§2), (i2)) and their F9-1- FET noise equivalent circuit

correlation term by numerical integration (3)—(4).

Once the intrinsic noise sources and their correlation term
are obtained, a noise equivalent circuit (Fig. 1) can be consti- 15 2
tuted with the knowledge of the FET equivalent circuit param-
eters. The equivalent circuit parameters were analytically ex-
tracted from the bias dependefitparameters using a custom
extraction program [8]. Intrinsic noise parameters can then be
transformed to the chain noise representation using the correla-
tion matrix method [9]. Finally, the four noise parameters of a
two-port device are calculated by including the noise contribu-
tions from the extrinsic elements suchiag R, andR,, using
the well-known formulas [10]. 0 : 0

In addition to the four noise parameters, the model allows one 0 10 20 30
to probe inside the devices to find out the position-dependent
noise contributions from each section of the FET. Itis, therefore,
very helpful in understanding physical noise mechanisms, and
can be possibly extended to optimization of the device structures
to minimize the noise.
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[ll. COMPARISONWITH MEASURED DATA

To verify the noise model, the four noise parameters predicted
from the model are compared with the measured data at low
drain biases from 2 to 23 GHz. The device used in the compar-
ison is a 0.2zm GaAs-based PHEMT.

The intrinsic noise sources of the HEMT and their correlation
are plotted as a function of frequency in Fig. 2. As expected,
shows little frequency dependence wlilg increases with fre-

quency due to the enhanced capacitive coupling at high frequen- B _
2. (@) Calculated power spectral densities of the noise currents as a

cies. Calculated noise paramgter_s are compar'ed with t_he "fé “tion of frequency. (b) Calculated cross power spectral density between
sured data at two different drain biases (0.3 V: linear region anélse currents as a function of frequency.

1.0 V: slightly above knee voltage) in Figs. 3 and 4. Excellent
agreement can be found at both bias voltages for all the noiset . fitt ¢ d sh llent
parameters. Fit is slightly worse at 1 V, compared with that gpt require any nting parameters and show excellent agree-

0.3V, since the device is biased into the early saturation regi nt with t_he measured data} for low drain b!as voltages, where
ermal noise is dominant. Since the model is capable of calcu-

and unaccounted noise sources may play nonnegligible roles. ; . . . .

The noise contribution inside the device has also beiq,‘mg_the MICroscopic noise curren_t at each portlo_n of the (.je'
simulated, and the power density of drain noise current alofy®: It ?”OWS one 1o achieve physical understandmg of noise
the InGaAs channel is shown in Fig. 5. As expected, t echanlsms.Thg mod_el can_be further extended to hlght_ardram
highest noise contribution comes from the high-field regio] jas voltages _by"."c'“d'”.g NOISE Sources that havg been |gnqred
near the drain end of the gate electrode. in the Iow—dra!n bias region. Our pre!lmlnary physmal analysis

shows that aside from the thermal noise, shot noise and hot elec-
tron noise can be major contributors to noise at higher drain bi-
ases. Upon the inclusion of these noise sources in the model,

A new physics-based noise model of GaAs PHEMT is denore practical physics-based models applicable to high drain
veloped using characteristic potential method. The model dd@as region can be achieved.
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Fig. 3. Noise parameters at a low drain bias voltage£ —0.1 VandV,; =
0.3 V) (&-:calculated values, x :measured value). (&,:n, andR,,; (b)

opt-

F
/e = 1 V) (6-:calculated valuey, x :measured value). (&min andR,,;
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