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Abstract—The IMPATT oscillator used as an LO source in a receiver

has often been found to eontribute a large amount of excess noise to the

system (sometimes more than 40 dB compared to a kfystron). Often the

IMPA’IT noise has been referred to as avafanche noise, but theoretically

this shonfd only reduce the carrier-to-noise ratio by 10-15 dB when

compared to a klystron.

In the following paper, we show that the excess noise far from the

carrier frequency (i.e., sideband noise) is much more dependent on para-

metric oaciflations excited below the cutoff frequency of the mount than,on

avafanche noise.

By mdlfying the Hines equation for parametric stability, we have been

able to investigate the parametric noise properties of realistic millimeter-

wave IMPAIT oscillators. Using theoretical wavegnide models, we have

investigated how the sideband noise depends on various mount configura-

tions, avalanche currents, and IMPATT diodes, The calculated curves

show good correlation with the measured noise at 4 GHz from the carrier.

It often has beerr found to be very difficult to completely reduce the

parametric noise in avalanche oscillators. In these cases, the method of

comparison between different mounts presented here for finding the

diode-mount configuration which gives least parametric noise can bean aid

in the construction of low-noise IMPA’fT oscillators.

I. INTRODUCTION

T HE IMPATT DIODE exhibits negative resistance over

a very large frequency range. It is therefore essential

to provide the correct embedding impedance at frequen-

cies far from the carrier region of the oscillator.

At high RF levels, even load impedances at frequencies

far outside the negative resistance region have a profound

effect on the stability of the oscillator. If the load imped-

ance is not well controlled from very low frequencies (de)

up to the operating frequency, secondary effects such as

bias oscillations and parametric instabilities can occur.

These secondary effects create noise which modulates the

carrier and reduces the signal-to-noise ratio of the IM-

PATT oscillator. This excess noise contribution often

makes the IMPATT unsuitable as a mixer local oscillator

in low-noise receiver systems.

The theory behind bias oscillations has been developed

by Bracket [1]. He found that the source of bias oscilla-

tions is a low-frequency, RF-voltage-induced, negative re-
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sistance arising from (de) rectification effects of the RF

oscillation. The bias oscillations have been observed at

frequencies up to several GHz for millimeter-wave IM-

PATT diodes [2].

The IMPATT diode has many similarities with the

varactor diode. Hines [3] showed that the avalanche zone

can be described as a linear capacitance shunted by a

nonlinear inductance. Because of this nonlinear element,

the IMPATT diode can be used for parametric amplifica-

tion. This effect was investigated by Evans and Haddad [4]

and Hines [3].

Supplying its own pump power (the fundamental oscilla-

tion), the IMPATT diode is therefore very prone to para-

metric oscillations. These oscillations can reduce the ef-

ficiency of the IMPATT oscillator and also contribute to

the noise. In many cases, exceed noise of over 40 dB

compared to a klystron has been observed at frequencies

far away from the carrier (Gewartowski [5]). This result is

confirmed in our study.

The first theoretical model of parametric instabilities

was presented by Hines [3]. Using th~e model by Hines,

Schroeder [6] developed a simplified tlheory of parametric

instabilities in IMPATT circuits. This theory gives an

insight into what embedding impedance is required at

different frequencies to suppress parametric instabilities.

A special case of parametric instability, the so-called

degenerate one, is when the parametric oscillation is gener-
ated at half the frequency of the pump signal. This case

has been studied extensively by Peterson [7].

To our knowledge, publications to this date OH paramet-

ric instabilities have been made using the Read diode

model for the IMPATT device. In the Read model, the

space-charge effects in the avalanche zone are neglected

since the zone is assumed to be very thin. This model

works very well in evaluating the small-signal impedance

for low-frequency IMPATT devices [8]. However, the be-

havior of the small-signal impedance for millimeter-wave

IMPATT diodes differs from diodes fcm lower (microwave)

frequencies, since the effect of a finite avalanche width

takes on greater importance at higher frequencies. The

space-charge effects in the avalanche zone have a profound

influence on the small-signal impedance at frequencies

close to the so-called avalanche frequency, as defined by

Gilden and Hines [8]. It is essential to have an accurate

diode model at these frequencies since parametric instabili-

ties usually occur in this range. An IMPATT diode de-
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signed for around 100 GHz can still have a significant

negative resistance at the avalanche frequency. In the Read

model, the negative resistance becomes zero at the

avalanche frequency, a consequence of neglecting the

space-charge effect in the finite avalanche zone. Using the

extended diode model developed by Kuo [9], we have

modified the theory by Hines to be usable also for millime-

ter-wave diodes.

The probability of a parametric instability, which usu-

ally occurs below the cutoff frequency of the waveguide

mount, is strongly dependent on the impedance seen by

the diode. Therefore, it is essential to have waveguide

models which give information as correct as possible on

the behavior of the embedding impedance as a function of

the waveguide dimensions, and the position of the diode

and backshort. Such accurate waveguide models for differ-

ent types of mounts have been developed by Williamson

[10], [11].

Experimentally, we have found that normally the para-

metric instability is a mixture between the degenerate case

and a case with two or several separate parametrically

related frequencies. Low-frequency signals will be gener-

ated as mixing products between the parametric signals

and appear as noisy sidebands around the pump frequency.

We have experimentally found that the higher the calcu-

lated value of Ikfll 2. lS.( tiP/2) 12 as defined by Schroeder

in [6], the more frequencies around aP /2 will be suscepti-

ble to parametric instability. Thus, we have experimentally

found a correlation between the variation of [Mll 2.

lSO(@p/2)12 and the sideband noise at the pump frequency.

Several oscillators have been built to test this correlation

and measurements of their noise performance show good

agreement between calculations and experiments.

This paper provides a useful technique for predicting

how the excessive sideband noise behaves as a function of

the waveguide mount structure for different millimeter-

wave IMPATT diodes and diode currents, resulting in

some useful design rules on how to reduce the noise in

IMPATT oscillators which are contaminated by or suscep-

tible to parametric noise.

II. REVIEW OF THE CRITERIA FOR PARAMETRIC

INSTABILITY

For a parametric instability to be present in a nonlinear

device, a” large-amplitude” pump signal is required. In the

case of the IMPATT oscillator, the free-running oscillation

provides the pump signal (oP) and the nonlinear induc-

tance thus created the nonlinear element. If the load

impedance of the IMPATT diode is not well controlled in

the critical frequency range UP/4 < OJ< UP/2, the para-

metric instability can easily induce secondary effects such

as spurious oscillation in combination with a high noise

level.

Schroeder’s investigation of parametric effects [6] re-

sulted in two useful equations (see (1) and (2)), yielding

criteria for the onset of parametric instabilities:

1

2 z,(%) +7-’-

Sm=s(tim)=l+
J%c,

(0;:4) zx(@m)+ .z.READ(~.l)

(1)

where

Cda avalanche resonance frequency of the IM-

PATT diode,

c1 total depletion-layer capacitance of the diode,

2X external impedance seen by the diode at the

diode terminals,

z dREAD small-signal Read-model impedance derived by

Gilden and Hines [8].

In order to avoid parametric instabilities, it is necessary

that

where Ml is the ratio of the complex avalanche particle

current at the pump frequency divided by the dc current.

How to calculate the Ml factor is described by Schroeder

in [6]. SO is the stability factor for parametric instability at

the frequency ~O. Usually, UP/4< UO< UP/2, where tiP is

the pump frequency. In the same way as SO is related to

UO, S_ ~ is related to u _ ~, where o _ ~= UP — Uo. Equation

(2) is called the stability equation, where the asterisk

denotes complex conjugate.

The condition for the generation of parametric signals is

that the imaginary part of So; S 3 ~ in (2) be zero and the

real part be >1. At a suffici~tly high pump power, IMl]

will cause the left-hand side qf (2) to become greater than

1; the circuitry will then start to generate a parametric

signal pair. It should be noted that for the degenerate case

(for which U.= ~_l = up/2), the stability factors So and

S_l are identical and So” SII = 1S.12.

For unconditional stability at the subharmonic frequency

UP/2, it is then necessary to state the condition

ISO(QP(2)I<1 (3)

since the phase condition for instability is always satisfied

at the subharmonic (So = S_ ~), and this suggests that the

half pump frequency oscillation may be the most likely

form of spurious oscillation. This was found to be the case

in our experiment.

III. STABILITY MODEL FOR THE CALCULATIONS

One means by which a signal around uP/2 can be

detected is by connecting a spectrum analyzer to the bias

circuitry. The waveguide is normally cut off for this

frequency. The bias port was connected to a bias tee, used

for supplying the dc current to the diode. The ac port of

the bias tee was connected to a coaxial waveguide transi-

tion attached to the harmonic mixer of the spectrum
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Fig. 1. Measured level and frequency of parametric oscillations below
cutoff for an IMPATT diode post-mounted in WR-8 waveguide. Wave-

guide height is 0.4 mm and the diode is similar to diode A (see Table I).
The carrier frequency for the oscillator OP was 106.8 GHz; UC= cutoff

frequency for the WR-8 waveguide ( tiC = 73 GHz). The following

relation exists between the signals: al = OP/2; 02 ad os are p~a-

metric oscillations: tiP = tiz + W3.

analyzer. With the spectrum analyzer we measured the

frequency and the relative strength of the spurious oscilla-

tions which existed below the cutoff frequency for the

waveguide mount (see Fig. 1). The bias tee in the system

was designed for 1–18 GHz (SMA bias tee) and therefore

introduced a strong mismatch at the measured frequencies

(0,/2 = 50-60 GHz). This and the fact that the bias

circuitry itself is poorly matched to COP/2 made it possible

to get only a crude indication of the differences in the

oscillation amplitude of the different oscillations. As ex-

pected, the oscillation at CJP/2, til in Fig. 1, was found to

be the strongest. We also found an oscillation at Uz below

WI (Fig. 1). The oscillation at tiz was accompanied by an

oscillation at ~3 which satisfies the condition ~P = % + as.

The mixing products between the parametric oscillations

are up-converted and appear as broad sidebands around

the carrier. IMPATT devices have been found to work very

efficiently as up-converters. For example Evans and

Haddad [4] and Hines [3] found that the IMPA~ device

can show gain in up-conversion, especially for the lower

sideband.

It was found that the carrier frequency tiP was accompa-

nied by signals at distances of til – OZ and OS– % from

the carrier. The sidebands were found to have a broad

noise spectrum, covering several hundred megahertz at the

frequencies for the mixing products COl– to2 and us – a2.

The mixing products varied in frequency, but were usually

between 3 and 5 GHz from the carrier. At high noise

levels, an almost flat noise spectrum was experienced. The

low-frequency sidebands of UP were much stronger than

the high-frequency sidebands. Sometimes the upper side-
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Fig. 2. Calculated SO.S!!l factor for OP/4 < ~. < ~F /2 at the pump

frequency 106.8 GHz. The calculations are clone for the same diode
and mount as used in Fig. 1. The IMl I factor was found to be 0.61.

band could not be detected. This supports the use of only

three frequencies, O., ~_ ~, and OP, in the ~al~ulation of

the stability factors S~ in (1) (see [6]).

The measurements (see Section VI) show goc}d correla-

tion between the onset of excessive noise and the threshold

for parametric instability at @P/2, k lMd2. lso(oP/2)12
>1. We can therefore assume that the measured increase

in noise is a result of up-conversion of noise generated by

parametric oscillations. This assumption was found to be

true since parametric oscillations at aP/2 were observed in

the measured oscillators. The existence of a signal at @P/2,

the degenerate parametric case, has been found to change

the stability conditions for other frequencies around UP/2

.[12]. Unexpected variations in the impedance of the

embedding network or the diode for frequencies near UP/2

could also give rise to parametric signal pairs when the

factor IMll 2. lSO(uP/2) 12 is large. Thus, we found in the

experiments that even though the calculated stability curve

SO”SX1 for CJp/4 <00< 0P/2 did not intersect the real

axis above the value 1 (see Fig. 2), apart from the point

tiP /2, parametric signal pairs were found accompanying

the parametric oscillation at WP/2 (see Fig. 1).

Experimental studies of nonlinear circuits similar to the

IMPATT diode have shown that the noise level is propor-

tional to the number of parametric signal pairs [13]. Thus,

a correlation is to be expected between the variation of

IM112. lSO(OP/2)12 and the variation clf the sideband noise

around the carrier arising from mixing products between

the parametric oscillations. However the situation consist-

ing of a mixture between the nondegenerative parametric

case and the degenerative one is complicated to deal with

theoretically.

It should be pointed out that only the correlation be-

tween the variation of the measured noise and the calcu-

lated value IMll 2. lSO(aP/2)[ 2 is considered in this study.
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Fig. 3. Theoretically calculated admittance for a 94-GHz double-drift

IMPATT diode compared to a published curve for such a dewce. The

markings are at 1O-GHZ intervals. (O) = published curve [14]; (@) =

Read-diode model [8]; (*) = diode model by Kuo [9].

IV. IMPATT DIODE MODELING

We have used two different impedance equations in the

calculation of Zd, the Read diode model [8] (eq. 4 below)

and the extended expression developed by Kuo [9] (eq. 5

below):

dREAD(@)z

Xd(l – (sin @/$)) – u2/a~ + jxd((l – cos 0)/$)
—— (4)

jtict(l – @z/@:)

.KUO(4=*z

(l–xd+
)(

3(1- e-jti’d) 1+ juR~(l~xd)
jti Td )—

(

c, 02,

( ))

(5)

j’”et 1+ joR”(l-xd) - ~

,},
where

Xd fractional drift length,

‘r~ drift time,

+ lJ - Td,

avalanche frequency,

?0 avalanche resistance,

c, total depletion-layer capacitance.

The Read diode model is based on the assumption of a

very thin avalanche region, electrically equivalent to a

nonlinear avalanche inductance in parallel with an

avalanche capacitance C.. The extended model by Kuo [9]

is adapted for a finite avalanche zone by including an

avalanche resistance R. in series with the capacitance C..

Both models were matched (using the least mean square

error criterion) to a published curve [14] of the admittance

for a typical 94-GHz double drift IMPATT diode (see Fig.

3). The extended expression by Kuo [9] shows much better

agreement with the published curve at the avalanche

TABLE I

DIODE DESCRIPTIONS

Diode Capsule Bond. wire D,ode diam. Junction ‘br
Designed Man. fact.

cap. (pF) md. (nH) (urn) cap. (pF)l (v) for(GHz)2

A 0.1 0,03 45 0.85 14.2 94 Hughes

B 0.04 0.03 43 0.79 13.0 94 Hughes

c 0.1 0.03 37 0.66 12.s 94 ThmsOn

1at zero voltage.
2approximate frequency.

frequency aa becauie of the avalanche resistance R ~. It is

essential to have an accurate impedance desc~iption of Zd

at these frequencies, since the parametric instabilities oc-

cur in this region.

The diodes used in the experiments are listed in Table I.

Diode A was designed for 94 GHz and has, according to

the manufacturer, a diode diameter of around 45 pm [15].

The small differences in breakdown voltage for diodes B

and C indicates that these devices were also optimized for

a frequency close to 94 GHz [14]. Using diode A as a

reference, we calculated the diode diameter for diode B

and C by using the relationship between the junction

capacitance and the diode diameter, assuming that the

diodes all have the same doping profile as diode A. The

published small-signal admittance curve for the 94-GHz

diode, diode A, was calculated for a diode current density

of 24 kA/cm2, which with a diode diameter of 45 pm gave

a diode current of 387 mA. Assuming (see above) that the

other devices B and C were also designed for the same

admittance curve, we derived the following diode currents:

341 mA for diode B and 270 mA fot diode C. These

currents IC are used for calculating the avalanche reso-

nance frequency at different diode dc currents for each

diode using the following equation:

r

In
a Ha = (Jca

<

where

u na avalanche resonance frequency

rent,

Uca about 58 GHz (see Fig. 3),

1,, new dc current,

(6)

at the new dc cur-

1: for diode A: 387 mA, diode B: 341 mA, and diode

C:270 mA (see above).

The new avalanche resonance frequency is then used in (5)

to calculate the diode impedance at the new operating

point.

Using the diode model by Kuo, the listed IMPATT

diodes were matched separately (using the least mean

square error criterion) to the curve of the admittance for

the 94-GHz IMPATT diode. This means that all diode

chips were given the same admittance versus frequency

characteristic. The only difference in initial values between

the diodes concerned the diode diameters, which were set

fixed. From the matching, the parameters in (5) for each

diode chip were derived.
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130 GHz

Fig. 4. Smith diagram showing the encapsulated ‘diode impedance
(– Zd) for the three different diodes: (---)= diode A (diode current=
280 mA); (...)= diode B (diode current= 280 mA); (-. -) = diode C
(diode current = 200 mA).

The calculated diode impedances – Z~ for the encapsu-

lated diodes are shown in the Smith diagram in Fig. 4.

Equation 1 is based on the Read diode model,

ZdRWD( u ). This means that the pole in (1) at o = tia is
canceled by the similar pole in Z~~wD( Q). By replacing

z ~~MD (u) in (1) with Zd~uo(u) (5), we see that the pole

is no longer canceled by a pole in Zd. This means that we

have to rewrite (1) for the extended diode model. Follow-

ing the calculations by Hines (3), we include a correction

factor (see R factor) in (7) to accommodate for the diode

model by Kuo in (5):

Sm=s(tim)

R 1

6):
Zx(um)+— —

jamCa + jumCd
=1+, .“”” ., _, \ _ , \ (7)

where

@a

c,
Xd

Zx

z dKUO

R
Ra
c.

avalanche resonance frequency of the IMPA’IT

diode,

total depletion-layer capacitance of the diode,

fractional drift length,

external impedance seen by the didde at the

diode terminals,

Kuo equation for the small-signal impedance of

the IMPATT,

=1+ juRaCa,

avalanche resistance [9],

avalanche capacitance, calculated as C,/(l –

Xd).

Equation (7) can easily be returned to its original expres-

sion, (l), the Read diode model, by putting R.= O in the

R factor.

AMP ~–~

DC+

, BIAS- TE:E.

S.A. L_ J

JB

‘“-1

Fig. 5. Waveguide configuration and measurement system used in the
experiments (for A, B, T1, D1, T2, Da, see Table 10. A = Wavegtide
width; B = waveguide height; T = thickness of diode spacer; D =
diameter of hole in diode spacev H = anodized aluminum cylinde~
L = low-pass filter (3A/4 at 100 GHz); f = ferrite material; DP = post

diameter (0.9 mm in all cases); Lb= backshort position; AMP= low-
noise FET amplifier (200 K] I = bias current supply; S.A. = spectrum
analyzer (Tektronix 492).

V. WAVEGUIDE MODEL

The IMPATT diode was postrnounted in a reduced

height waveguide (see Fig. 5). The bias circuit was loaded

with ferrite material to ensure a high impedance at low

frequencies and to prevent low frequency bias oscillations.”

Using the waveguide models by Williamson [10], [11] on

coaxial-waveguide and post waveguide mount structures,

we calculated the embedding impedance for the circuit.

The coaxial-waveguide models by Williamson have been

investigated [16] for post diameters and coaxial aperture

dimensions up to, respectively, 27 percent and 63 percent

of the broad waveguide dimension where the theoretical
results were found to lose accuracy. In our case, the same

figures are, at the most, 35 percent and 59 percent, respec-

tively. However, by careful judgement of how to compare

different mounts and diodes, the calculation errors can be

minimized (see discussion in Section VIII).

VI. MEASUREMENTS AND CALCULATIONS

The normal way to measure AM sideband noise from an

oscillator is to use a noise-measurement setup at the c?rrier

frequency [17]. This works well for close-to-carrier fre-
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TABLE II
MOUNT CONFIGURATION

Mount Waveg. d,m. Diode spacer dim.

A B
*1 T2 ‘1 ‘2

1 2.54 0.4 0.1 0.4 1.5 1.2

2 2.54 0.4 0.1 0.25 1.5 1.2

3 2.S4 O.h

4 2.54 0.7

5 2.03 O.L 0.4 - 1.2 -

Dimensions in mm.

quencies but is lacking in sensitivity for the frequencies we

are interested in, which are between 3 and 5 GHz from the

carrier. If there are discrete signals that give rise to the

sidebands (see Section III and 01, 02, and ti~ in Fig. 1),

the mixing products of these signals (which were found to

have a frequency of 3-5 GHz) should also be found on the

bias line [18]. We found that the magnitude of the mixing

products at 4 GHz on the bias line closely followed the

behavior of the magnitude of the sideband noise at 4 GHz

from the carrier. This is to be expected since the sideband

noise and the noise on the bias line originate from the

same parametric signals. The 4-GHz noise was measured

using a bias tee, a low-noise FET amplifier (T= 200 K),

and the 50 kHz–4.2 GHz frequency range of a spectrum

analyzer (Tektronix 492), as shown in Fig. 5.

The reason for using 4 GHz as the measurement

frequency is that this frequency is also used as the IF

frequency in the radio astronomy system at the Onsala

Space Observatory. It is therefore essential to have low

noise at this frequency from the carrier if the IMPATT is

going to be used as the local oscillator in these receivers.

Two different systems were used in the comparison

between the 4 GHz noise on the bias line and the sideband

noise at 4 GHz from the carrier. At high noise levels, a

room-temperature Schottky-diode mixer followed by a

spectrum analyzer was used. Due to lack of sensitivity, this

system was replaced at low noise levels by a radiometer

system similar to the system used in [19] using a cooled (20

K) Schottky-diode mixer. Results from the radiometer

measurements are shown in Fig. 12. The increase of excess

noise from 80 K to 200 K in Fig. 12 corresponded to a

measured increase of 4 dB in the bias line noise.

The relative sideband noise level at 4 GHz from the

carrier was measured for different waveguide mounts using

the bias line (see Fig. 5 and Table H).

Using the waveguide models in Section V and the mea-
sured backshort positions (Lb in Fig. 5) for calculation of

ZX in (7), we calculated, using (5), (6), and (7), the value of

IMll 2. lSo(QP/2)12 for mount 1 (Table II) and diode A
(Table I) at three different diode currents: 240, 280, and

310 mA (see Fig. 6). The Iikfll 2 factor was calculated using

the measured output power, as described by Schroeder in

[6]. The experimentally measured noise is plotted in Fig. 6

and shows generally good agreement with the theoretical

curves. The dotted line in the figure represents the level

IJ4112. lSo(ap/2) 12= 1. At high noise levels, e.g., around 92
GHz (280-mA curve) and at 96 GHz (310-mA curve) in

Fig. 1, an almost flat noise spectrum was experienced. A

100 t . 1

90

80 t
I

2 ““ —

A
/\ \

3:1~~>+ ~-—--—--—--—--—--—-
84 86-%3 9B 92 94 96 98

-—-
I m ia2 104

FREQUENCY [GHZI

Fig. 6. Calculated [M112.SO.S11 factor for uP\2 (l MI I’. l,So(QP\2)12)
and the measured relative level of the noise (N) at 4 GHz from the
carrier as a function of UP using diode A in mount 1 at three diode
currents: (c Z))= 240 mA; (0) = 280 mA; (*) = 310 mA.

t I

m
2 la
u
*
\%’

:S
a
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Fig. 7. Calculated 1M112S0.S!l factor for uP/2 (l Ml[*. l,So(cJP/2)12)
and the measured relative level of the noise (N) at 4 GHz from the
carrier as a function of UP using diode B in mount 2 at three diode
currents: (cI9) = 200 mA; (0) = 240 mA; (*) = 280 mA.

flat noise spectrum at high noise levels was also experi-

enced for the other oscillators.

The difference between the noise related to spurious

oscillations (not parametrically related) and from paramet-

ric instabilities could be easily observed using an E – H
tuner at the output port of the IMPAIT oscillator. The

noise related to spurious oscillations was easily controlled

by the tuner, while the influence on the parametric oscilla-

tions, which often occur below cutoff for the waveguide

(especially for Qp/2 oscillations), was very small.

The noise from diode B mounted in a WR-10 waveguide

(mount 2, Table II) was measured (see Fig. 7) at three
different currents, namely 200, 240, and 280 mA. We see

that the value of the avalanche current (diode current)

plays an important role in the level of the parametric noise

because of its influence on the avalanche frequency.

We found that the Kurokawa (coaxial-waveguide) cir-

cuit reduced the noise by 5 dB compared to a circuit

consisting of only a reduced height waveguide (see Fig. 8).
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J --n J

FREQUENCY [GHZI

Fig. 8. Calculated IM112.SO.S31 factor for @P/2 (Ikfllz. ],SO(QP/2)12)
and the measured relative level of the noise (N) at 4 GHz from the
carrier as a function of u using diode C in mount 3 and mount 2

f(Kurokawa mount) at a lode current of 200 mA: (0)= mount 2;
(*) = mount 3.
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Fig. 9. Crdculated IM112.,S0.SII factor for tiP/2 (Ilfllz lSO(aP/2)[2)
and the measured relative level of the noise (N) at 4 GHz from the
carrier as a function of UP using diode A in mount 1 and 2 at a diode
current of 240 mA: ( * ) = mount 1; (O) = mount 2.

The output power for diode C was 4 percent higher for the

frequency range 101-109 GHz using mount 3 than for

mount 2.

The correlation between the length of the coaxial section

(T’l + T2 in Fig. 5) in the Kurokawa circuit and the mea-

sured noise N is seen in Fig. 9. By increasing the length of

the coaxial section, we increase the evanescent mode reac-

tance at the diode plane, thereby reducing the lSO(tiP/2) 12

factor. This change in noise between the two circuits is

predicted by the theory, as can be seen from the theoretical

curves in Fig. 9. It can also be seen that the onset of excess

noise is close to the frequency for the threshold of para-

metric instability. Mount 3 gave 30 percent more output

power than mount 1 for the frequency range 92–101 GHz.

To investigate the influence of the waveguide height on

the parametric noise, diode C was tested in mounts 3 and 4

at a diode current of 200 mA (see Fig. 10). About 18

percent more output power was achieved using mount 4

I \%’—

g2
N,
;-
— 1---:---:---:”--:---:-=+=4

094 96 98 lBO 102 104 106 108 110 112 114 116 118

FREQUENCY [GHZI

Fig. 10. Calculated IM1[2.S0.S31 factor for CJP\2 (IM112 lSO(uP/2)12)
and the measured relative level of the noise (N) at 4 GHz from the
carrier as a function of tiP using diode C in mou’nt 3 and 4 at a diode
current of 200 mA: (*) = mount 3; (O) = mount 4.

r-
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Fig. 11. Output power (P) from the oscillator and the measured rela-
tive level of the noise (N) at 4 GHz from the ctirier as a function of
the IMPAT’T diode current for diode B in mount 5 with the oscillator
frequency as the parameter: (0)=102 GHz: (u) =103 GHz; (*) =104
GHz; (.) =105 GHz.

compared to mount 3 for the frequency range 101–108

GHz.

Using the measuring system in Fig. 5, (diode C, mount

5), we also measured the output powor versus noise at

different diode currents and oscillation frequencies (see

Fig. 11). It can be seen that there is a ccrrrelation between

low outppt power and high noise. This supports the con-

clusion made by others [7], [18] that the onset of sub-

harmonic oscillation can severely limit the power output of

an IMPATT oscillator or amplifier.

The noise temperature for a low-noise Schottlcy mixer

system using an IMPATT oscillator (diode C, mount 3) as

the LO source was measured as a function of the output

power (see Fig. 12). The calculated IMll 2. lSO(WP/2){ 2 fac-

tor for different output powers is also shown in Fig. 12.

Maximum output power was found to be close to 80 mW

for diode C. It can be seen that if the noise at 4 GHz from

the carrier was reduced by 10–20 dB, it would be possible
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Fig. 12. Measured SSB receiver noise temperature at 115 GHz of a
low-noise Schottky mixer system using an IMPATT oscillator at 111
GHz as the local oscillator (LO), plotted as function of percentage of
maximum IMPATT output power. Here, 100-percent output power is
equal to 80 mW. The noise temperature Tk using a klystron as the LO
is shown for comparison. The calculated 1MI 12.,SO.S1 ~ factor for CJP/2
(l MI 12.lS’O(c+/2)12) is also plotted in the diagram. Mount 3 was used
in the experiment. The LO input power to the mixer was held constant.

to use an IMPATT oscillator for the LO in a low-noise

Schottky receiver.

VII. DESIGN CONSIDERATIONS

Testing different waveguide mounts, we found that the

Kurokawa circuit is useful in suppressing the parametric

sideband noise. The higher output power in this case also

speaks in favour of this mount. The sideband noise was

found to fall off as the length of the coaxial section

increased. However, this is a choice between having maxi-

mum output power or minimum noise. Another considera-

tion is the operating range, where an increased length of

the coaxial section usually means a reduction in the maxi-

mum oscillation frequency for the oscillator, as can be seen

in Fig. 9.

It was also found that an increase in the waveguide

height reduced the measured noise. Thus, a Kurokawa

structure with a full height waveguide might be a fruitful

way of suppressing the noise.

The parametric noise is very sensitive to the frequency

of the avalanche resonance. An important means of reduc-

ing the noise seems to be to push the avalanche resonance

as low in frequency as possible, i.e., choosing a diode for a

lower frequency while maintaining sufficient negative re-

sistance at the pump frequency. The encapsulated diode

can then be designed for maximum output at the pump
frequency by optimizing the capsule parasitic, that is, the

bonding wire inductance and the capsule capacitance.

Another important parameter is the magnitude of the

avalanche current. There is a competition between having

low sideband noise and high output power.

Under some circumstances, a high noise level is desir-

able, for example, in using IMPATT oscillators as noise

sources.

VIII. DISCUSSION AND CONCLUSIONS

The accuracy in the calculation of I&fll 2. (S.. S?l) is of

course dependent on the accuracy of the waveguide model

and the model for the IMPATT diodes. An error is intro-

duced in the calculations by using the waveguide models

[10], [11] (see Section V above) together with large post

diameters. This error is at its largest when comparing two

different waveguide structures, i.e., the normal reduced

height waveguide structure and the Kurokawa structure

(see Fig. 8). The influence from the error can be minimized

by comparing the same types of waveguide structures (see

Figs. 9 and 10).

Errors in the diode model can in the same way be

reduced to a minimum by using the same operating point

and diode for different oscillator mounts in comparing the

calculated stability values @fl 12. ISO(Op/2) 12 for the

mounts.

We found in the experiments that the correlation be-

tween the measured noise and calculated stability factor

Iillll 2. lSO(CJP/2) I* was best at low diode currents. This is

to be expected since the first parametric instability at

“low” diode currents occurs at UP/2. By increasing the

diode current, parametric instabilities will arise at other

frequencies apart from uP/2. A further increase in the

avalanche current will create a state of chaos [13].

The spectrum of the pump signal for most oscillators

tested above showed close resemblance to published curves

for similar oscillators, even though the calculated Ikfll 2.

lSo(CJP/2)12 factors for the oscillators were found to be
large. This suggests that a large amount of the excess noise

generated in IMPATT oscillators has its cause in paramet-

ric instabilities.

Using the method described together with a large-signal

diode model, it is possible to calculate the IM112”

lSO(tiP /2)12 factor and thereby evaluate the parametric
noise behavior of different oscillator mounts.
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