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Noise Performance of Magnetic Field Tunable
Avalanche Transit Time Source
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Abstract—The effect of magnetic field on the noise performance
of the magnetic field tunable avalanche transit time (MAGTATT)
device based on Si, designed to operate at W-band (75 — 110 GHz),
has been studied in this paper. A comprehensive two-dimensional
(2D) model has been developed. The simulation results show that due
to the presence of applied external transverse magnetic field, both the
noise spectral density and noise measure of the MAGTATT device
increase significantly. The noise performance of the device has been
found to be further deteriorated if the magnetic field strength is
further increased. Hence, in order to achieve the magnetic field
tuning of the radio frequency (RF) properties of impact avalanche
transit time (IMPATT) source, the noise performance of it has to be
sacrificed in fair extent. Moreover, it clearly indicates that an
IMPATT source must be covered with appropriate magnetic
shielding material to avoid undesirable shift in operating frequency
and output power and objectionable amount of deterioration in noise
performance due to the presence of external magnetic field.

Keywords—2-D model, IMPATT, MAGTATT, mm-wave, noise
performance.

[. INTRODUCTION

MPATT diodes are special diode structures which exhibit

negative resistance under suitable reverse biased condition.
IMPATT diodes are used as oscillators to generate
significantly high power at microwave and millimeter-wave
frequencies (1-300 GHz) [32]. However, the advantage of
high power applications comes on trade-off with a major
drawback, i.e. significantly high level of noise, generated from
the statistical nature of the avalanche process within reverse
biased IMPATT device. The bias current tuning of IMPATT
oscillators enables the modulation of RF power as well as
operating frequency of the source. Thus the bias current is the
firsthand manual tuning parameter for power and frequency
tuning of IMPATT sources, known as electronic tuning [1].
On the other hand, the optical tuning is an additional tuning
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mechanism for the modulation of power and frequency of
IMPATT sources [2]-[S]. Other than these tuning methods,
another method is also available for the external control of the
IMPATT properties, which is the magnetic field tuning. The
application of magnetic field in reverse biased IMPATT diode
causes a number of effects in its microelectronic operation: (a)
changes of the carrier motion, (b) carrier redistribution and (c)
redistribution of electrostatic potential. The effect of magnetic
field on the device properties can be imagined in terms of Hall
voltage or carrier deflection. Glance et al. first reported the
experimental magnetic field tuning of the operating frequency
of IMPATT oscillators [6]. They carried out the said
experiment on the measured frequency and output power of an
X-band (8-12 GHz) ferrite-filled microstrip resonator based
IMPATT oscillator. They investigated the influence of static
magnetic field along the direction of RF propagation and
along the direction of the RF magnetic field [6]. Around 17
MHz Oe” (Oe = Oersted), frequency change was observed
when the magnetic field was applied along the direction of RF
propagation. The variation of the permeability of ferrite
material from the demagnetized state to the saturation state
was the primary cause of the magnetic field induced frequency
tuning of microstrip IMPATT oscillator [7]. Later, Hartnagel
et al. experimentally demonstrated the magnetic field tuning of
frequency and power output of a 7.480 GHz double-drift
region (DDR) IMPATT oscillator [8]. They obtained decrease
in the operating frequency of the oscillator in order of 20 to
380 KHz due to application of the static magnetic field of 0.4
to 1.6 kG (G = Gauss) in perpendicular direction of the carrier
transport within the device. So long, no credible model for the
analysis of the above-discussed phenomena was established,
but in 2016, Banerjee et al. have developed a complete 2-D
large-signal model to study the effect of transverse magnetic
field on the DC and large-signal properties of IMPATT diodes
[9]. The sensitivity of various static and large-signal
parameters on externally applied transverse steady magnetic
field of a DDR IMPATT diode, designed to operate at 94
GHz, have been studied. The structure and arrangement
proposed by them may be considered as MAGTATT device.
The MAGTATT device has immense potential to be used in
various areas of communication systems such as phased array
antennas for space based communication, active phased array
Radar systems, etc. However, IMPATTs/MAGTATTSs are
noisy devices and the primary source of noise in these is the
random nature of the impact ionizing phenomena [10]-[16].
Hence the complete high frequency behavior of IMPATT/
MAGTATT device remains incomplete if the noise
performance of the device under practical operating conditions
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has not been studied. In this work, a comprehensive 2-D
model for studying the avalanche noise behavior of the
MAGTATT device has been developed by the authors.
Simulations have been carried out to study the noise
performance of MAGTATT device based on Si, designed to
operate at W-band by calculating the noise spectral density
and noise measure of the device as functions of frequency in
absence as well as in presence of the transverse magnetic field.
The 2-D simulation technique presented in this paper has also
been validated by comparing the simulation results with the
numerical results reported earlier [16], [17].

coordinate system which is more convenient than the
cylindrical coordinate system. However, the shape of the
cross-section of the diode does not affect the simulation
results, since only the cross-sectional area of the diode is
utilized in calculations, not the shape of the cross-section. The
3-D model of the device structure under investigation is shown
in Fig. 1. However, in the current modeling, it is found that the
consideration of z-direction is unnecessary, and 2-D model is
enough for the analysis, the reason behind this is discussed in
details later. In the present model, the cross-sectional shape of
the metallurgical junction (i.e. the n-p junction) is taken to be
rectangular for simplicity as mentioned earlier [19]. The
lengths of n", n, p, p'-layers are denoted by W,,, W, W, and
W, respectively in Fig. 1. The doping concentrations of the
above mentioned layers are denoted by N,., Np, Ny and N,
respectively. Width of the device along x-direction is D and
height of the device along z-direction is H. Thus the cross-
sectional area of the metallurgical junction is 4; = DH.

II. THREE-DIMENSIONAL MODEL

In order to simplify the three-dimensional (3D) modeling of
the device, the cross-sectional shape of the MAGTATT device
is assumed to be rectangular instead of circular [9], [18]. This
also simplifies the mathematical modeling of the arrangement
of transverse magnetic field coupling with the reverse biased
MAGTATT structure. This further ensures the use of Cartesian
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Fig. 1 3D model of the n"-n-p-p* structured DDR IMPATT diode (w; = w, = 0.1 pm) [9]

TABLEI

work by the authors by choosing the optimum values of W,
STRUCTURAL AND DOPING PARAMETERS [9]

W,, Np, N4, N,+ and N,,. [9], [18], [20]. The structural as well

Design parameters Values as doping parameters of the device are given in Table I. The

ZH EHZ; g':gg width (along x-direction) and height (along z-direction) of the

ND(:I;B m) 1:200 diode have been taken as D = 10.0 um and H = 96.211 pm

Ny (x10% m?) 1,250 respectively. Therlf(:)forze the junction area of the diode is 4; =

Ny (<10 m?) 5000 DH =9.6211x10"" m~ which is the same as the junction area

Npi (x10% m?) 2700 of the diode having circular cross-section of radius of 35.0 pm
4 (m?) 9.6211x10™ [21].

The MAGTATT device based on Si has been already
designed to operate at W-band (75 — 110 GHz) in the earlier

III. 2-D MODEL FOR DC SIMULATION

The carrier transport within the device occurs along y-
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direction in the absence of magnetic field. In presence of the
magnetic field along +z-direction, the Lorentz force deflects
the charge carriers into the Hall direction, i.e. either +x-
direction or —x-direction depending on the polarity of the
charge carriers. If the magnetic field is applied perpendicular
to the xy-plane, i.e. if the magnetic field has only the z-
component (magnetic flux density EE(O,O, BZ)), then the

deflection of the charge carriers which are flowing along +y-
direction, are bound to occur along =+x-direction as per the

direction of the B (i.e. along either +z-direction or —z-
direction). Thus, the distributions of charge carriers are
functions of only the space coordinates x and y. Therefore the
problem can easily be reduced to a 2D problem depending
only on x and y-coordinates. Due to the Lorentz force in
presence of the magnetic field, the fundamental device
equations in steady-state can be written as [9], [22]

(a) Poisson’s Equation:

)= )= ) M) D

K

(b) Steady-State Continuity Equations:

(B) (4 () (y
l ﬁ_j(")(x’y)zi GAp’j‘n( ’y)+GTp,Tn( »y) , (@
(5)
1 —Rp,,,(x,y)

(c) Current Density Equations:

[qﬂp.n (p®), 0P, ) )(qu)] 3)
[ | Fe o)
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where V(B)(x, y) is the electric potential (electric field
Ew)= =97y TPey) and JPxy)  denote
electron and hole current densities, p®(x, y)and 7")(x, )
denote electron and hole concentrations at the space point (x,y)

under the magnetic field of B and & is the permittivity of the
semiconductor. Moreover, u, and u, are the drift mobilities,
,un* and ,up* are the Hall mobilities, D, and D, are the diffusion
constants of electrons and holes respectively, ¢ is the

elementary charge (¢ = 1.6x10™° C), V = (9/ax)x +(8/ay)y is
the 2-D del operator; where X and ) are the unit vectors

along x and y-directions respectively. Two important electron-
hole pair (EHP) generation mechanisms such as avalanche (
GEF) ' (x,y)) and band-to-band tunneling (G;B)T (x,»))

generations are taken into account in the present model.
Detailed expressions of the avalanche and band-to-band
tunneling generation rate of charge carriers as functions of
electric field under perpendicular magnetic field as well as the

recombination rate ( R”(x, y)) of those within the depletion

layer of the device have already been reported by the authors
[9]. Due to the limitation in space, the above mentioned
expressions are not repeated in the present paper. The
molecular beam epitaxy (MBE) growth technique is the most
favorable process to fabricate MAGTATT device designed to
operate at W-band [9], [21]. However, for the mathematical
formulation of the 2D doping profile ( N(x, y)) of the device a
simple formulation of diffusion growth technique has been
adopted. By optimizing some important parameters related to
the diffusion technique, sharp and most favorable doping
profile of the device has been selected which nearly matches
with the MBE grown structure [9], [19], [21], especially for
the devices operating at or above 94 GHz. The 2D doping
profile of the device has been formulated as [9], [23]

N(x,y)=N . exp(—l.OSiﬂ (v)-0.782, (y)z) y<0
=N, O0<y<y, 4)

»n<y<y,

Y <ys»

=-N, Y, <y<W
=N expl-1.082,()-0.782,(5F ) y=w

where ;(1)=(. +y)/2,Dy, and 2,(0)= . +y-w|j2Dy D is
the impurity diffusion constant, #; is the time for diffusion, sis
a constant whose value may be taken as = 5 nm and W is the
depletion layer width (W = W, + W,). The value of the D¢, is
taken to be Dt~ 4.0x107"? m™. Here the doping profile near
the n-p junction (within y;<y < y,) has been approximated by
incorporating an appropriate exponential function, while the
doping profiles near the n-n" and p-p" interfaces (i.e. y <0 and
y > W respectively) are taken into account by an equivalent
complementary error function [24]. The values of the
parameters s and Dt; are optimized to obtain the most
favorable doping profiles of the device which nearly match
with the MBE grown n'-n-p-p" MAGTATT structure for
operation at 94 GHz and above. The n'-n and p'-p interfaces
at y = 0 and y = W respectively are effectively considered as
ohmic contacts; since the doping concentrations of n'- and p'-
layers are almost 10° times higher as compared to those of n-
and p-epitaxial layers. Thus the boundary conditions for the
electric potentials at y = 0 and y = W for 0 < x < D are given
by

-0 0<x<D. )
y=0w
The boundary conditions associated with electron and hole

components of current densities have been imposed at y = 0
and y=Wfor0<x <D via
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{_H 270)(x (v =0.)
T T (=0 )+ T (y=0,)
0<x<D, (6)

where the normalized current density parameter (ﬁ(x, y)) may
be defined as

7(5) _ (&)
ﬁ(ﬂ) _ {p‘ (X:J’) {n‘ (x,y) ) (7
TP, )+ T,y

Along the floating boundaries, i.e. at x =0 and x = D for 0 <
y < W, the current density boundary conditions can be written
as
a(— _ _
PN(x=0,D),y)=0 0<y<W. (8)

As per space charge boundary conditions along the floating
boundaries, the following conditions are adopted [23]

&P =0.010) -1 (x=0.0) ) N(w=0.0))] 0
0<y<w. ©)

Equation (9) is obviously less restraining than the condition
of zero space charge variation proposed by Kurata [25]. The
asymmetry introduced in the present problem by the applied
magnetic field is the primary cause of using (9).

The set of equations (1)-(3) constitutes the complete system
to be solved subject to appropriate boundary conditions given
in (5)-(9). The finite difference discretizations of (1), (3), (5),
(6), (8) and (9) have been set up by following the procedure
adopted in earlier reports [25], [26]. However, a discretization
technique similar to the generalized Scharfetter-Gummel
scheme proposed by Rudan and Guerrieri has been used for
the continuity equations given by (2) which include the
magnetic field through (3) [27]. The simultaneous solution of
the fully coupled Poisson’s equation, continuity equations and
current density equations have been obtained subject to the
boundary conditions given in (5)-(9) by linearizing the said
equations by applying Newton’s iteration principle. Solution
of the aforementioned system of equations provide important
static or DC parameters such as electric potential (" (x, )

electric field (f( (x,y)), carrier current densities (j J ( ,y))

and carrier concentrations ( p' p ' (x, y)) as functions of both

space coordinates x and y under applied magnetic field of
B=(0,0,B.)-

IV. 2D MODEL FOR NOISE SIMULATION

The noise simulation of MAGTATT device requires the
outcomes of the DC simulation as the inputs. Output of the
noise simulation program provides vital noise parameters such
as noise spectral density and noise measure as functions of

frequency (f) [18]. The primary source of noise in avalanche
transit time (ATT) devices is the random generation of EHPs
caused by impact ionization. This leads to fluctuations of DC
current and electric field which are equivalent to small-signal
AC components of the respective parameters even in the
absence of time varying voltage across the device [18]. Thus
the noise analysis is concerned with the open circuit condition
of the device in which time varying applied voltage is not
applied. Starting from the small-signal noise fields along x-
and y-directions due to the application of the magnetic field
along z-direction given by

A | R
_.(‘)( ): g}gf)(y’y)—i— lén(?)( ay) 7

respectively (where i = \/-1), four second order differential

equations in the real (é’,gf‘)(x, x'),élff)(y, y')) and imaginary (
E}gf)(x,x'),érgf})(y,y')) parts of the noise fields én(é)(x,x') and
E,SE)( ,y') are framed [14], [16]-[19]. These second order

differential equations are given by

52~( 5)
ma'xuz()+(“n(sc) x)_ap(SC)( )) mgx

s

L o
i sy

6&’(3) ( )

& (y.y
+(an(sc) (¥)=at50( y))m

5y2 By
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o s e
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ra ()=, ()2 v, () 29(y).
Hix)= (2, e k) o)+ (el () (ol () ),
HO)={27, M. fealv)fadlo)) +ldet, ) -, ) e () ).

£ (x)=&lx)-(q/e.) fN )dx:

x=0

&()=¢&lv)-(g/e, )y:fWN(y) dxand o=27f .

=0

The space dependent material parameters such as ionization
rate (am (x, y)) and drift velocity (Vpn(x’ y)) of charge

carriers are functions of electric field [18]. Since the solution
of the steady-state fundamental device equation (1)-(3)
provides the DC electric field distribution (E (x, y) VS. X VS. )

within the space charge region of the device, all the afore
mentioned field dependent parameters are nothing but the
outcomes of the DC simulation which are included in (11) and
(12) in order to obtain the noise parameters of the device in
absence of in presence of the magnetic field.

The noise fields are assumed to be due to noise sources

V(x'): an(x')vn(x')n ( )+a (x )V (x )p(x ) and
V(y’):an(y')",l(y')n (y )+a (y )\/ ( ) (y) located

at the space point x’ and »' respectively within the space
charge region of the device [16]-[19]. Simultaneous numerical
solutions of (11) and (12) subject to appropriate boundary
conditions at the depletion layer edges are obtained by using
Runge-Kutta method [16]-[19]. The boundary conditions at
the floating boundaries, i.e. atx=0andx =D for 0 <y < W
are given by

x,x')zo at (x=0,D), for0<y<W.

(13)

Similarly the boundary conditions at n'-n and p'-p
interfaces, i.e. at x = 0 and x = W for 0 <x < D are given by

,y'):o at (y=0,), for0<x<D.

(14)

The procedure described in earlier reports is followed to
obtain the distribution of noise field in the depletion layer of
the device from simultaneous solution of (11) and (12) subject
to boundary conditions given in (13) and (14) respectively
[16]-[19]. In order to calculate the noise field along x-
direction, the noise source y(x") is first taken at one end of the
device, i.e. atx =0 (for all ye [0, W]). Then y(x") is shifted to
the next space point and the procedure is repeated until the
other end of the device (x = D, ye[0,W]) is reached.

Similarly, noise field along y-direction has been calculated by

shifting the noise source y(y") from y = 0 to y = W for all
xe[O,D]. Now the magnitude of the resultant noise field

under perpendicular magnetic field can be obtained as

T I (T Y o e

Numerical integration of the magnitude of the 2-D noise
electric field ¢, ((x,x'l(y, y)) over x = 0 to x = W for all

yelo,w]and y = 0 to y = W for all xe[0,D] provides the

terminal voltages vt(é)(x', y') due to the noise source at (x',y"),
ie.

Vt(é)(x‘ayl):_

x=Dy=W

[ e G by

x=0 y=0

')]dxdy. (16)

The transfer impedance of the device at space point (x',y") is
defined as

2, y)= V{(E)(),“"y,'), (17)
y

where i,(x",y") is the average current generated in the intervals
dx' and dy’ due to yp(x) and p(y) located at x' and )’

respectively. Now the mean-square noise voltage (<Vj(sc)> ) is
obtained as [12]

x=Dy=W

(B =g dejj

x=0 y=0

(y )2)% dx'dy' >

(18)

20y e+

where 4; is the effective junction area of the device. Mean-
square noise voltage per bandwidth is the noise spectral

density (i.e. (V:)(E)/df V? s). The noise performance of the

MAGTATT device in absence or presence of the magnetic
field can be evaluated from a parameter known as the noise
measure. This parameter is defined as [12], [28]

) _ o)) gr ’ i
" a2 () k) "

where Zl(f)(f) is the negative resistance of the device which is

a function of frequency and magnetic field [9], Rs is the
positive parasitic series resistance of the device, kp is the
Boltzmann’s constant (kz = 1.38x10% J K') and T is the
absolute temperature in Kelvin (K).

V.RESULTS AND DISCUSSION

The noise performance of the MAGTATT device under
consideration has been investigated in this section in absence
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of the magnetic field (|B.] = 0 T) as well as in present of the
magnetic field (]B,| = 1.0 — 5.0 T) for the bias current densities
of 2.6x10%, 3.0x10%, 3.4x10° and 3.8x10° A m™. Such high

0.27380
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magnetic field can be practically produced by cryogenically-
cooled superconducting electromagnet coil [29].
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Fig. 2 Variations of avalanche zone width of MAGTATT device with applied transverse magnetic field for different bias current densities

The principal basis of noise in MAGTATT device is the
random impact ionization phenomena within the avalanche
zone of the device. Figs. 2 (a)-(d) show the variations of
avalanche zone width of MAGTATT device with applied
magnetic field varying from —5.0 to +5.0 T, for different bias
current densities. It is observed from Figs. 2 (a)-(d) that the
avalanche region of the device broadens due to the application
of magnetic field. The width of the avalanche zone increases
slightly with the increase of the magnitude of the transverse
magnetic field. Deflection of charge carriers along +x
directions occurs depending on the polarities of those, due to
the application of steady magnetic field along the
perpendicular direction (along z-direction) to the direction of
carrier movement (along y-direction). This, in turn, increases
the effective depletion region width of the device for a given
bias current density. Effective increment of the depletion
region causes increase in the average kinetic energy of charge
carriers moving under electric field by providing those extra
regions for drift. This ensures premature growth of the impact
ionization followed by charge multiplication phenomena.
Therefore the total generation regions at both sides of the
metallurgical junction widen in order to support the extra
ionizing collisions. Sensitivity of the avalanche width with
respect to the magnetic field (directed perpendicular to the

carrier motion within the device) can be defined as [9]

(20)

AX(BZ)

AB

where AB. = B;— B;, By is the value of the magnetic field for
which the sensitivity is to be calculated and B; is the value of
the magnetic field just earlier than B The subscript of (20)
indicates that the sensitivity is calculated for B. = B; The
magnetic field sensitivity of avalanche width of the
MAGTATT device varies from 0.2x10* to 0.5x10™* pm T
for the increase of magnetic field from 0.0 to +5.0 T for the
bias current density of 2.6x10% A m™. Thus broader avalanche
region due to the presence of the transverse magnetic field
indicates greater amount of random ionizing collisions with
leads to increase the avalanche noise under reverse bias.

Fig. 3 shows the variations of noise spectral density (
) [gr ) of MAGTATT device with frequency for different

applied transverse magnetic fields (|B,] = 0.0 — 5.0 T) for the
bias current density of 2.6x10® A m™ It is interesting to
observe from Fig. 3 that at lower frequencies, smaller than the
optimum frequency of the device [9], noise spectral density
decreases with the increase of the applied transverse magnetic
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field. However, near the optimum frequency of the device,
noise spectral density attains its peak value; and this peak
noise spectral density of the device increases significantly
with the increase of the applied transverse magnetic field.
Under the practical operating conditions, the device mounted
inside the cavity is tuned to the optimum frequency via
mechanical and electronic tuning provisions in order to
achieve highest RF power output. Therefore, under practical
operating conditions, the noise spectral density of the device

should attain the value near to its peak value. Thus peak noise
spectral density determines the noise performance of the
device. Figs. 4 (a) and (b) show the variations of peak noise
spectral density of MAGTATT device with the frequency
associated with that peak as well as with applied transverse
magnetic field for different bias current densities. It is
noteworthy from Figs. 4 (a) and (b) that for both the cases
peak noise spectral density increases significantly with the
increase of the bias current density.

10714 .
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Fig. 3 Variations of noise spectral density of MAGTATT device with frequency for different applied transverse magnetic fields for the bias
current density of 2.6x10% A m™

Variations of noise measure of MAGTATT device with
frequency for different applied magnetic fields for the bias
current density of 2.6x10° A m? have been shown in Fig. 5.
The noise measure of the device as function of frequency has
been calculated by assuming a fictitious value of the series
resistance, i.e. R, = 0 Q. Later, the effect of series resistance
on the noise measure of the device has been studied. It is
observed that the noise measure of the MAGTATT device
attains is minimum value at a frequency near to the optimum
frequency of the device. This minimum value is corresponding
to the peak value of the negative resistance (z%)( 1)) of the

device at that frequency. Under practical operating conditions,
this minimum value of the noise measure of the device is
important because under these conditions, the device is tuned
to the optimum frequency as mentioned earlier. It is observed
from Fig. 5 that the minimum value of the noise measure
increases with the increase of the magnitude of applied
transverse magnetic field. Figs. 6 (a) and (b) show the
variations of minimum noise measure of MAGTATT device

with the frequency associated with that minimum as well as as
with applied transverse magnetic field for different bias
current densities for R, = 0 Q. Again, it is noteworthy that the
minimum value of noise measure reduces significantly with
the increase of the bias current density. The magnitude of the
negative resistance of the device increases considerably with
the increase of the bias current density [9]. This increment of
the magnitude of the negative resistance dominates the
enhancement in the noise spectral density due to the increase
in bias current density by several orders. Therefore, the
denominator of (19) dominates over the numerator of the
same. Consequently, inverse relation of noise measure with
the bias current density seizes.

Now the realistic values of series resistance have been taken
into account while calculating the noise measure of the
MAGTATT device under consideration designed to operate at
W-band. The series resistance values ranging from 0-0.5 Q
have been considered for the present study. This range of
values is quite realistic for W-band DDR IMPATTs [21].
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Fig. 5 Variations of noise measure of MAGTATT device with frequency for different applied transverse magnetic fields for the bias current
density 0f 2.6x10° A m™ (assuming R, =0 Q)

Fig. 7 shows minimum noise measure of MAGTATT measure increases significantly with the increase of the value
device with parasitic series resistance values for different of the series resistance. It is occurred since by increasing the
applied transverse magnetic field at the bias current density of  value of Ry, the factor qzl(?é)(fj, Rv) at the denominator of (19)
2.6x10° A m™> It is observed from Fig. 7 that the noise :

725



International Journal of Electrical, Electronic and Communication Sciences
ISSN: 2517-9438
Vol:12, No:10, 2018

decreases, which leads to increase in noise measure.
Therefore, it can be concluded that, to keep the noise measure
minimum, the series resistance of the device has to be kept as
small as possible by proper design and fabrication of the
device [18], [30], [31]. This fact has to be followed in order to
obtain maximum RF power output from the device [18], [30],
[31]. The minimum noise measure along with maximum RF
power output is achievable for R; =0 Q.

The 1-D noise analysis of DDR Si IMPATT device
designed to operate at W-band was reported by the authors
earlier and noise measure of around 33-37 dB was obtained at
the said frequency regime [16]-[19]. The 2-D noise simulation
of the similar structure presented in this paper shows that the
noise measure of it varies from 31.0 to 35.5 dB in absence of
the magnetic field. The present 2-D simulation is expected to
provide refined results as compared to the earlier one.
However, the noise measure is observed to be increased
significantly even above 38 dB in presence of the transverse
magnetic field, which is an interesting and significant result. It
was already reported that both the frequency and power tuning
of the IMPATT devices are possible in considerable extent by
means of transverse magnetic field [9] which can be
considered as an additional terminal other than the bias current
for tuning the power and frequency of IMPATT oscillators
just like the optical tuning mechanism [17], [19]. But the
results presented in this work indicate that the application of
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the magnetic field degrades the noise performance of the
device. Analogous degradation of the noise performance of the
device was observed earlier by the authors during the optical
tuning of the IMPATT sources [16]-[19].

VI. CONCLUSION

The provisions for the frequency and power tuning of the
MAGTATT devices by using the transverse magnetic field
were already reported by the authors in their earlier work [9].
The current study deals with the development of 2-D model
for investigating the noise performance of MAGTATT
devices. A 2-D model has been developed by the authors to
study the noise performance of MAGTATT device based on
Si designed to operate at W-band. It is found that the
application of the magnetic field degrades the noise
performance of the device. The noise performance of the
source has to be sacrificed in some extent for implementing
the magnetic field tuning of the RF properties of IMPATT
sources. Moreover, the knowledge of this effect clearly
indicates that an IMPATT source must be covered with
appropriate magnetic shielding material in order to avoid
undesirable shift in operating frequency and output power as
well as unintentional increase of avalanche noise due to the
presence of external magnetic field.
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Fig. 6 Variations of minimum noise measure of MAGTATT device with (a) the frequency associated with that minimum and with (b) applied
transverse magnetic field for different bias current densities (assuming R; = 0 Q)
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