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ABSTRACT\ ‘ B d‘ A

R
Microwave upconversion in Impatt—amplifiers can be achieved by

-impressing the baseband (1.£.) signal on the bias circuit of the

amplifier. Relatively large conversion gain can be obtained by use

of such a scheme. A theoretical as well as ‘experimental study of the

.ﬁ conversion process in impatt—amplifiers has been made.

©

Theoretical analysis for small 1.f. signals, based on admittance

¢

,cparacteristics of the device and the circuit has been done. It was -
expected that sideband‘generation would be due predominently to the gain
magnitude variations mith the apglied i.f. signal. Conversion characteristics-
are predicted'to be similar to amplifier characteristics. A conversion
gain‘of'SdB at small signalﬁi:f. is predicted which is expected to
increase for increasing i.f. levels. : R . v

Experimental results obtained for two Impatt—amplifiers are in
good qualitative agreement with the theory. A maximum conversion gain

® of 13d™was obtained. 'The results indicate that there is-a shit_t in ’
admittance characteristics of the device with increased i.f.. levels.
Results also show that the response of microwave circuits atvcomponent

frequencies plays an important roie in determining converter response./

Some’sideband generation due to frequency (phase)~modulation of the r.f.

is also observed.

v An experimental investigation of the distortion introduced by the

o conversion process, using amplitude modulationre f the i.f., shows that

P

-the .second harmonic isAalways more than 30dB fEIOW the fundamental.

{

iv . . | -0
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CHAPTER 1

INTRODUCTION

Frequen/y¢//Z:nver§%rs @yay a very important role in. microwave
]
communication systems. In heterodyne relay and radar systems, the

intermediate frequency (i.f.) is mlxed with a microwave local oscillator
frequénby in an upconverter Fo obtain the modulated microwave ;ignal;
This signal is theh.transmitted after power amplificétion. Microwave
upconverters in gene;al,'can be classified into two categofies,
emp}oying either of the following properties:
1. The non-linear capacitance of‘ﬁevices such as varacter diodes.
2. The non-linear negativearesisfance of active devices.

According to the Manley and Rowe theory, in nonlinear capacifance
upconvérters, it is theoreticélly possible to’have a conversion gain
equal to the ratib of output to input frequency. In practice, however,

there is a conversion loss of a few dB and the losses introduced by

varactcr diodes increase significantly at higher frequencies in the

wav&.region.‘w> !
With the advent of solid state microwave sources in recent years
and:their successful use as oscillators and amplifiers, the secénd
methéd deserves careful analysis and investigation. Out of all the solid-
state microwave devicei/presently available, Impatt'diodes are well
0

recognised as relativgly high power devices and are. being put into use in

Impatt oswhllators, when used as upconverters, -

communzcation systems.

(S
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have a gsﬁinite advaﬁtage over Impatt-amplifiers in that they arév"self—
pumpeé%” However, they are normally unstable in frequency. Because of

the éonsiderationsvoutlined abbve, the work described in this thesis is
confined to the study of frequency conversion effects in Impatf;amplifiers;

1.1 Historical Background:

The generation'of microwave power in é reverse biasediﬁ—n junctibn
was)originally suggested byl§ead [19] inil958, It was not until 1965
when Johnston et al.[15] first experimentally observed microwave oscillat-
ions and Nopoli and Ikoia [16] reported s;able reflection gain from a
reverse biased~Impatt—diode. Significant progress’has been made in
analytical techniques for the design of Impatt—osgillators and amplifiers
and al;o their performance characteristics, in the subsequent decade.
Parametric amplification and side band translation (frequency conversion)
‘using negative resistance properties of Impatt devices were first reported
in 1966 by Grace [1] and Clo?%einé [2].‘ Since then, different analytical
approaches and improvements have been suggested by var}ous worke;s for
detailed studies of the upconversion process in avalanche-diodes [3] -
[7]; All the analysis techniques are based 6n Read's model and‘the i.f.
signal level is considered to be weak compared with a strong "pump" or
"carrier".

An approximate theory of two frequency ipteraction in the‘device
is presented by Fakatsu [3}. Bésed on a simplified Read model of a
diode with an abrupt junction and a triangular field'pattern, impedance

matrix coefficients are calculated in terms of the device pafameters.

]

b
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He also derived conditions forxparametric negative'resistance.' Evans
and Haddad [41, [5] presented a more extensive analysis for frequency-
mixing properties of an oscillating diode by solving a nonlinear
differential equation describing particle current in Impatt—diodes of
relatively short transit time. self—pumped", two-port frequency
-converter was described in terms of its short circuit admittance par-
ameters. In an extension of their work, Hides_[?j derived paranetric

equations using an equivalent circuit for the Read diode model that

\éluded the effects of space charge and 1ong transit times.in the drift

4,\-
o

zone. Assuming linearisation of the rela ¥§MShip between ionization
coefficients and the eiectric field, he reported: important qualitative
results for stability criteria for spurious oscillations.of thev
"paranetric" type, parametric amplification, frequency-conversion; noise-
generation mechanism and noise enhancement bv strong signals.n

Shen et al. [6] studied, experimentally, the mixing properties

of Impatt-diode by impressing an e rnal signal with frequency close

to the self-oscillating frequency o .tﬂeﬂpscillator. The beats could
be experimentally observed and the dévbcé used as a down-converter.
He also studied the optimisation of conversion gain with bias current

and 1i.f. frequendy A net conversion gain using an Impatt-amplifier

(47 GHz band) was reported by Kita}and Kanmuri [9]. They studied the
=y

\,(/
conversion characteristics,-the bandwidth characteristics and pulsed

behavior with 400 Mb/s PCM and the results were reported to be satisfactory
. ) i

for the upconverter to be used in millimeter-wave relay equipment.

They suggested that the sum and difference frequency components are

generated by parametric effects, when two frequency components £re in-



» jected in

-frequency

negative

conversio

-

1.2 Outline of the Project:

to the device. Frequency components, close to the optimum
of the diode predicted by Read, get amplified becaduse of the
resistance of diode at .those frequencies, thus resulting in

i

n gain.

Most

of the analvtical approaches for the study of frequency-

conversion effects in Impatt-devices that have been reported basically

” depend, up

incorpora

represent
imate for
presented
very impo

inconveni

The

approach

on the Read model. Various simplifying assumptions have been

ted in the models and some important conclusions and qualitative
[ . .

'results have been reported The Read model is recognized as an imperfect

ation of real diodes, therefore, the results are only_approx—
practical devices. Moreover, the analysis and results are

in terms of physical parameters ‘of the device, which though
rtant for understanding of the device and the process are often
ent for an epgineer or designer to use.

purpose of this project is to iﬁyestigate another avenue of

to analyse frequency conversion characteristics of avalanche

diodes in terms of familiar engineering concepts. An analysis is

presented based on admittahce models of the’ device and the microwave | //

circuit.  This approach, in fact, is in line with‘Kita and Kanmuri's //

postulation on the conversion gain mechanism [91, mentioned in sectiongl.l.
The analysis, as preSented;7has its own limitations because of

the nany

‘The

assumptions on which it is based.

assumption that 1.f. or signal level 1is quite weak as compared

to a strong "pump' or microwave carfier, which has been the basis for

almost all analysis on the topic in the past,-is considered to hold %:x

the present analysis as well. A further assumption %E’made; however, -

/

o

£
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that the weak bias signal does not éffect the adqittance versus frequency
characteristics of the device. This assumption seems to hold upto a

certain level of i.f. signal, as is evident from the results in Chapter

IV. Any further assuﬁ;tions made are explained during’ the cour;Zﬁ;f
discussion in the relat chapters. The results presented are
qualitative, although by exteﬁsion of these cdncepts aﬁd,a rigorous
analysis it should be,pbésible to'obtain quantitativé results.
| A simple theory and some experimental results fbr'Impatt-aﬁplifieré\

'afé présented in Chapté;fli. Theoretical analysis and results for up-
conversion in Impatt—amplifiers hased on typicél admitta%ee~character—
istics are ‘presented in Chapter I1I. In Chapter iﬁ, éxperimental results
“obtained for ;wo.Impatt—amplifier upconverteﬁp are discussed and somé

of the characteristics are explained.  An experimental investigation of

distortion introduced by the ampiifief upconverter, when the baseband
, : B o ' ’
(1.£.) signal is'amplitude modulated, has been made. IQ‘the'conclusion,

}Chapter V, the results of this research are summarized. Considerations

for further research to enable better understanding of the upconversion

‘phehomena in Impatt-diodes are outlined.
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CHAPTER II

IMPATT-DIODE REFLECTION‘AM?LIFIERS

fhis chapter deals with thé basiﬁ concepts involved in the anlaysis
. and design of Impatt¥émplifiers. Several analytical techniques for

thé detailed stﬁdy and design of avalanchefdiode amplifiets are avail-
_ablé in the literature. The admittance concepté that are relevant to

the work in this thesis are discussed. Experimental results for two
micfowave Impatt-diode amplifiers, which were later uééd as upconverters,

-are presentéd:{

2.1 Introduction a

Considerable insight into the operation of the Impgtt amplifier

has been obtained.since mhe time thaﬁ_ft'was>firstvused as a stable gain'
reflection amplifier by“Napoli and Ikola [16]. The admittance character-

'istics of the device and the circuit have been recognised as convenient
tools for the understanding, as well as forlanalysis, of xmpatt—amplifiers.
The charge éqﬁa ionslof the Read model haye been solved for the'study
of sméll qnd'la ge Signai admittance behavior of the device [20], [21]

‘and accurate met'ods ére presently available»fo; the meaéuremeﬁt of

 these characteristics [22], [23], [24]. Many important amplifie: character;‘
isfics such as gain, phase, bandwidth etc., can be p;edicted [12] from
the real admittance data. The analysis of Impatt—amplifier character-

. istics, based on typiﬁgi admittance data, 1s discussed'iﬁ the.following
sections. It should ge noted that the device admittance for the actual
Impatt diodes used for the measured results, will be different from the data
for the "typicaf’device. However, it is expected that the devi;é’admittance

"behavior wiilrbe éimilar, éo that the p?edictéd tﬁeoretical resulté,and‘the

measuted results will be qualitatively comparable.
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2.2vAdmittance Characteristics of an Impatt-amplikieri

The device and circuit or load admittances me sured by Laton
‘ and Haddad [12] for a typical amplifier dre shown 1 Figure 2.1. These
plots are referred to as a Device-Circuit diagram. \ghe measurements

were made for a silicon Read device with an assumed area of lO cmz,

4um length and a lum avalanche region width The diode waa mounted'in

a 50 Q coaxial cavity withna 32Q quarter wavelength slug tuning. The
pi :

.
k)

bias current density was. 500A/cm2 and the reference plane for admittances
was taken as the chip itself, using the equivalent circuit as determined
by Greiling and Haddad [20]. |

The following general’ observations about the admittance character-
_iatics of an Impatt—diode can be made from the plots in Figure 2.1.

The‘negative conductance of the device,varies significantly with
frequency over the useful range of operation: The implication of this
feature 1S'that]Wide band performance of thefdevice is severely degraded
and special considerationa have to'be given in broadband design.

Both real and imaginary parta of the device admittance are strongly
dependent on r.f. signal level.” The rapid increase in the device
susceptance with r.f. voltage occurs because an increase in r.f. voltage

. o .
causes an 1 ease in the conduction current. This, in turn, causes a

nonlinear increase\in thefQiéﬁe charge in the diode during the generaticn
"of carriers. Thus, the capacitive susceptance of the device increases
\ .

_ nonlinearly with increase in r.f. eignal. Also, due to an increase in .
. o

the space charge, the field in the avalanche region is flattened over a wider

region. Thus the carriers are generated over a broader region and

transit angle of the carriers is spread over a wider range. Only a few
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of the carrlers experience the same optimum phase delay, thus causiné
; ,

a decrease in the negative conductance of the device with increase in
r.f. sigﬁal level. ‘ Lo
The diode admittance also depends strongly upon the d.c. bias

current through the device. A study of the admittance variation with
T

bias current shows that negative conductance increases with increasing
. : 8

bias current, while the susceptance decreases only slightly [20], [23].
' The dependence of admittance characteristicq on different doping
profiles, diffefgnt materials such as Si, Ge and GaAs, has been in—-

vestigated in the literature but will not be discussed here.

2.3A Reflectién Amplifier Model:

A model, described by Laton and Haddad {12] and useful in prediét—
iﬁg the nohlinear béhavior of reflection amplifiers, employing diécfete
device admittance data is discussed.here.

A schematic diagram of a ciréﬁlator-coupied reflection type Impatt-
.amplifier is shown in Figure‘Z;Z.' The reference‘plane for énalysis is
‘considered’to‘be the diode wafer itself, the diode paékagé, cavity,
funing and ttansformihg network impedancevbeing pért,bf the circuit or
load impedance; The circﬁlator is assﬁmed to be broad-gand and ideal,
énd the source as wellAas the load are considered to be perfeqtly-matched.

The power gain of a reflection-tyfe negative resistance amplifier

is given by the square of its réflection’coefficient and the phase shift

by the angle of the reflection coefficient:

x.
o 2 (W% }? |
Power Gain P = |T|° = I ¥ (2.1)
"I'L D
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*
r+r

: Lk
Phase ¢ = /T = tan - [24:—2— (2.2)

where-:

Y = Admittance seen looking towards the‘dev}de at a convenient

D’ P
reference plane (diode wafer). Ls
Y = Admittance seen looking away from the device at the same

- reference plane.
/

e
" The asterisk indicatés the éomplex ‘conjugate.

For single frequency operati;ﬁ, the expressibns (2.1) and (2.2)
can be‘used to calculate the theorgtical gain aﬁa phase shift at tﬁe
- reference plane. It is i&plicitly assumed that all the harmonics 6;%

thé r.f. voltége are sho;tédlby the diode package#énd the microwave
circuit.”

Repreéenping admittances as vectors ih'thé complex admittance pla;e,
" the numerator and denominator: of‘(2.l) can:élso be representéd as vectors

N and D respectively as shown in Figure 2.3.

In terms of ﬁ and 3, therefore,

. | . o . _, v .
Power Gain P = _IN[*" o . (2.3)
where.
. s
. . * ‘ »
Numerator wvector ﬁ = ?L - §D : ' : (2.4)
Denominator vector 3 = ?b + ?L

o =?D»-- (- ?L) | i (2.5)
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B o ' -
For a large negative conductance,YD‘can be comparable to —¥L 80 thet ) ie

much. smaller than ﬁ. This gives a large power gain. Also, any small change 1in

load or device admittance will cause a relatively large change in |3|
and an insignificant change:in Iﬁl./ For high geihs, therefore; the
performance characteristics of Impatt—amplifiers can be studied by
examining l/|3|. |

In the limit as |E| approaches zero, power gain becomes infinite

and oscillations will occur; From (2.4) the conditi&n of oscillation
: | ‘ :
n ‘

in terms of admittances, becomes:
Bl =0 or ¥ =-% ‘ (2.6)

which is.indicated on the vector diagram in Figure 2.3.

Considering the device admittance to be'in.the second quadrant
away'from the origin (ﬂarge"capaeitive susceptance and negative resistance
of tﬁe device), then using Figure 2.1, the charaeteristice of the
vamplifier can be explained as follows: |
1. Since the device- and load admittance curves do not intersect, the

amplifier is stable. Xn implied stability requirement therefore |

becomes~ that the real part of circuit admittance must be larger

than the magn}tude’of the real part of the device admittance.

' 2: ’ Approximatemm;gnitude‘of the gain will ﬁe inversely proportional

to the distance betweem_negative of circuit and device operating

points. Maximum gain is expected near a frequéncy of 10 GHz where
. P

v |

|3| is minimum. | o ‘ _ !
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»
3. As the level of the wmicrowave signal lncrounvn,_ln| increases
,'
but undergoes a smaller percentage variation with ftrequency.
Therefore, reduced peak gains with large bandwidths may be expected.
4, As discussed in the previous section, the device susceptance is

an increasing function of r.f. voltage. As the Input power level

increases, the frequency at which peak gain occurs should, there-

fore, shift downwards, For the same reason, the frequency at whibb
phase.shift in the amplifier 1s zero should shift downwards with
increasing input power levels,

Theoretical calculations of Impatt-amplifier gain, from typlcal
admittance data in Figure 2.1, as a function of frequency were made
(Figure 2.4). All tﬁe obgervations made in the above discussion are
quite apparent from these plots.

:For a broadbend reflectioq&gain amplifiler the requirement can be
explicitly defined in terms of the circuit aém{ffance behavior for a
given device. It is required that the (negative) circuit admittance
should run parallel to the device admittance curve with its real part
always greater than that of the device and with its imaginary parts
being eéual at all frequiencies within the operating range. An exact
realization of such a requirement seems>to be very difficult because the
circﬁit susceptance behaviour’displays frequency dependence opposite to
that defined above, as evident from Figure 2.1. However, using a some~-
what compliéated tuning scheme }t is bossible to meet the above require-
ment over a limited frequency range. This happens when a loop can be
formed in the circuit admittance cbaracteristics using additional tuning

elements. The requirement'is indicated by dotted circuit admittance curve

in Figure 2.1. - More care is needed in tuning while using such a scheme,
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because the amplifier tends to be unstable for many tuning positioné.

. 2.4 Experimental Results:

Experimental results were obtained for two amplifiers; a single—
tuned narrow band coaxial cévity amplifier and a double-tuned relatively
Broad band waveguide amplifier. The device used for both the set ups
was an HP5082-0435 X-band Impatt-diode. Since the analysis is done in
a qualitative sense only, the results preseﬁted are measured at the
output port of the amplifier. The measurements were made on a point

by point basis using the experimental set up discussed in section 2.4.1.

2.4.1 Measurement Circuit Used:

The circuit used for measurement of the amplifier performance
characteristics is shown in Figure 2.5. A three-port circulator
(Sperry D43X21) with a minimum isolation of 20 dB Qas used to separate the
output of the reflection amplifier ftom the input. The input and oﬁtput
were sampled by using two 10 dB (EPX752C) directional couplers. By
means of waveguide switches the input freqﬁency énd power level as well
as the output spectrum and power level were monitored. The sweep
oscillator (HP8620A) was operated iﬁ CW mode for all the measurements
except when the amplifier gain characteristics were to.be observed on
rhe oscilloscope. ‘In the swept frequency measurements the sweep output
was applied to the horizoﬁtal input of tﬁe oscilloscope and the d.c. &ut-
put from the detector mount went tb the vertical input. The gain versus
frequency characteristics could be displayed on the scope screen. Two
precision attenuators (HP/-X382A) were uséd in the input and éutpﬁt, A

slide-screw tuner is normally required for the tuning of amplifiers.
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iCareful édjustment of the tuner could be done while observing the
Oudght spectrum on the spectrum analyzer (HP—8555A;‘r.f. section) and
the gain response on the oscilloscope screen.
Phase shift 1ntroduced by amplifiers was measured by using a magic-

tee. 'Ihput signal wasﬁapplied at port 1 through a phase shiftet and
the output signal wae'applied to port 2 through an attenuetor,port 4
being match terminated. Phase at port 1 and attenuation at port 2 could
be adjusted to get a power null (minimum) at port 3. The circuit‘
couldvfirst be characterised by putting a short at the amplifier port of
‘Ehe circulator. |

. The deyice was protected from power line transients by a SCR

triggered crow-bar circuit.

2.4.2 Single—tuned.Amplifier:

'

Experimental observations were made for a d.c. bias current of
29.5 mA and using a slide-screw tuner as the tuning element. Gain
versus frequency characteristlcs of the amplifier are shown in Figure
2.6.  Small 51gnal gain at -20dBm (0.01 milliwatt) 1nput is 15 d with a
3 db bandwidth of 10MHz. At OdBm (1 MW) input, the amplifier gain drops
down to 4 dB and the 3 dB bandwidth increases to 38MHz. The shift in
frequency at which peak gain occurs is clearly evident. Figure 2.7
upresents.input-output power charaeteyisticslof the‘amplitier. Seturation
of the device occurs when large input signals are applled Phase shift
versus frequency for four input power levels is plotted in Figure 2.8.
It is seen that the frequency at which the phase shift introduced by

the amplifier is zero shifts downwards as the input power level 1s

increased.
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The_te3u1ts obtained for the amplifier are in good qualitative
agreement with the expected amplifier characteristics discussed in
section 2.3. This suggests that the circuit admittance curve for the

amplifier was smooth as in Figure 2.1, but changes rapidly with frequency.

2.4.2 Double-tuned Amplifier:

Twc tuning elemeﬁts, an E-H tuner and a slidevscrew‘tuner, ﬁere
used fot this waveguide amplifier. lThe d.c. bias current through the
device was maintained at 30mA. Gain versus.frequency characteristics
‘of the amplifier are'presented~i; Figure 2.9%. A small-signal peek gain
of 21dbtyithva 3db bandwidth of -40MHz and 1db bandwidth of 13MHz is
avaiiable with‘—30dbm input power level. For -10dbm input power, peak.
gain is reduced to 16db and‘the bandwidth increases to 6QMHz within 1.5db
gain variation. Gain peaks at lower freeuencf (10GHz) for Odbm and‘.
higher input power 1evels.

o Figure 2.10 presents information about satﬁraticn of the amplifier
atfdifferent freqcencies._ The gain exﬁansion for lower frequencies at
ﬁigher power levels is evidgpt.’ It may be cf particular iﬁterest to
note that‘input power levels et which’departure froh‘small—signal s
operation occurs is highly dependent on the frequency. ABhase—shift in--
troduced by the ampiifier versus frequency at different power levels. is
| plotted in Figure 2,11 Tte phase shift within the frequency range of
interest is 360°. The double-peak in the gain plots suggests the
e#istence of a loop in the circuit admittance chatacteristics of the

amplifi
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CHAPTER III .,

THEORETICAL ANALYSIS OF'IMPATT AMPLIFIER UPCONVERTERS

A simple small signal analysis for the ingestigation of up-
conversion cheracteristics of Impett—amplifiers is'discuesed.
Theoretical resules from adﬁittance considerations are calculeted by

use of simple computer programmes. v W

‘3.1 Introduction:

UpconeeréiOn in Imbatt—amplifiers may be achieved by Empressing
the base-band (i.f.) signal on the bias gireuit, while a microwave
signal.is applied to the input.of the amplifier. The i.f. signal
causeé bias current.modulatioﬁ oé\the‘device, and because of non-
linearity o% the avalanche process,emixing of the two applied frequencies
takes place so that sum and difference‘frequeﬁeiee are geeerated.

Because of the band-limiting property—of the amplifiereand negative
resistance of the‘device; somé of the frequency combonente are amplified.
The epéonverted signal at microwave frequency can be sepafated'ohtépy
making‘use of suitable filters. . Anothér method of‘achieving upconveréieh
Qitﬁ aanmpatt-deQice is to modulate the bias current of an osciliating
diode and then filter out one of the sidebands generated.

Apart from some expeximental work [7] - [10], m;st of the theoreticel
‘work on this topic has been done using the Reed med%l 1] - [6]. Im
many cases, the analysis is_applicabie toIOSCillator¥’only {11 - [4].

- The results discessed are queli;ative and hold for practical deeices
only to the extent that the Read ﬁodel represents practical diodes.

- An.alternate method forAthe study of upconversion characteristics of

A
a
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'Impétt—amplifiers, based on the admittance behavior of the device and

the circuit, will be the subject matter of the following sections.

3.2 Small—signal Model:

For the purpose of ‘analysis, the problem of upconversion reduces
to that of two (or more) frequencies ingeracting in a highly nonlinear
' device embedded in a microwave circuit. The non—-linearity éf the device
strongly depends upon the frequency and power level of the input signal,
the d.c. blas current and possibly the impressed i.f. signal. An exact
study of such a problem is difficult, if not impossible, and for an
accurate analysis a iot\of computéf time migﬁ; be consumed in character-
‘ising‘each non-linearity separately. |

With some aSSumptiohs and within certain limitations, however, a
simple éﬁd,appfoximate small signal theory may be used that explains the
phenomena réésonab}y well. The analysis is based on the following
assumptions:
a. ' The i.f. signal'is éufficiéntly weak as compared.ﬁo a strong

© microwave or "pump" signal, .

" b. The.weak i.f..signal does not affect the admittancer§ersus frequepcy

char;cteristics of the device; and
c. The intérmediate féeduency is low enough, so that the circuit and device

admitta;ces do not éhange significanzly over the frequency band

.of centre frequgncy“and side bands.

The last assumption is perhaps the biggest limitation of this
analySié. Nonetheless, the analysis-is important for understanding the

conversion process and for providing a basis for further extensions and

improvements.
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The small stpnal model » Wwhich fa an extension of the admi ttanee
model explained In the previoug chapter, s shown o Flgure 3.7, Blag
current modulation due to the low frequency base-band slynal, can be
considered to cause varfatfons In device admittance vector at the slgnal
frequency. These admittance vector variat fons cause a relatively lavger
percentage variation in the denominator vector B s compared to numevator

> .
vector N. The reflection coetticient of a Begative resistance amplitier

is given by:

N
~.L b N (3.1)
Y +Y
. D

where N and D are complex quantities.

For an applied i.f. signal that bias modulates the amplifier,
time dependent T will become:

Y y oy
¥l D ; (3.2)
+
Yyt Yy

w11ei‘e YL‘is the complex load or circuit admittance as seen from the
reference plane (device wafer),
Y. is the complex device admittance when no external bias signal
is appliéd,énd
? is the variation in ‘the admittance vector dependent upon the
applied i.f.'voltage.

“The_admittance variations for any applied bias current modulation

Fy
I

at frequency w; can be represented as:
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= I v ] e (3.3)

where 'Yd l is the magnitude of admittance variation component at
n .

nth harmonic. Of prime important however, is the first order
v .
variation of Yd for weak i.f. signals. This in a sinusoidal rep-

resentation can be written as:

Y —d | Sinw.t S (3.8)

For small signals at fixed wl, IYd I will be linearly related to
1
i.f. voltage, V

i.f.°

During investigations oZf admittance behavior with change in
current density, it has been reported (191, [22] that with-an increase
in the bias current the negative conductaﬁzg#of rtiie device increases
whereas its susceptance varies only slightly. Therefore, to simplify

the analysis furthex, the smzall ;ariacions of susceptance, if any, due

to bias signal are neglected, that is:

o -G e oy Ly 5
’ Y,z} ] CFE - jo) Sinu 1° ‘JeS)‘

ny
Substituting {(3.5) for Yf i (3.2} ve get:

N + Yd Sinmit

o= ~ 00
LA ' i R

N/D + Y. /D Sinw
d
1
1 -Y, /D Sinw
dl

lt
—— £3.7)
i c




31

R 2

7

" .
For I' to be finite at all times, Yd /D should be less than unity, which
defines the condition of stability for the amplifier upconverters.

Expanding Equation (3.7) into a power series:

Y Y. 4
T = [N/D + —fl—l'smm e[l + L, ( el )™ 1% £ (3.8)
- D . 1 n=1 D 1 :
‘ Y
= N/D + (+8/D) I ( el )" sin"w. t (3.9) ,
i=1 ° D “1 o ’
Substituting in (3.9):
T = N/D : (3.10)
and
g =Y, /D | (3.11)
d ‘ :
. 1 .
both T, B being complex guantities; we get:
v It n., n i, _ .
Fr =T+ [1+T] %=1 R Sin w, (3.12)

where B < 1 for stazle upconverters.

.. n ) . .
Sin wlt terms can be expanded into constant, Slnwl

4
...... ’ Sinnwlt terms.

t, Sin2wlt,

Each even value of n in (3.12) makes contribution to the constant
component of T and even harmonic terms of wy and each odd value
contributes towards sinmlt and odd harmonic terms. The.expansion can

be expressed as:
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Yo [(r+ (14 T1(1/2 80 +3/8 &% 4 5716 8% + L.t «—ﬁfg 1 8%,

g

3
+ Sinwlt[l + r)[3/48 +

+ CosZm c{1 + F][B [1+

. L K
The coefficients [CK/Z/

K
Cx/
2 K even
KC
7- - K
5/8 8> + 35/64 8'F ...t [ Kfll 18 ]
2 K odd
o ’
r]+ ..... T eeeens (3.13)
K
: o C.,_
ZK K-1 are both

]K evenand [zKelf]K odd

monotonically decreasing functions of K. Their values up to K=30 are

given in Table 3.1. Also since g is always less than unity, the

infinite series in coefflcients of the constant and Sinwlt, SinZwlt .o

terms are convergent .

At the output port we will get

-

- r\l . B .
v = rlv, | sinw t
out v in P

g
i

Wy being'the.microwave "pump'

(3.14)

<y

' frequency.

Equation (3.14) gives all the frequency components present in the

output. The output spectrum therefore should be as shown in Figure 3.2.

The ‘first order components,
frequency are the largest an
this wqu, malnly concentrat
frequency component.

The time 1ndependent te

centre or microwave frequenc

one below and the other above the centre
d of prime importance. Further analys is in

es on these sidebands and the centre

rm dlrectly gives the voltage gain at the

y while the Sinwlt term will give rise to
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Table 3.1 Coefficients of the Power Series Terms in Equation (3.13)

K odd . K even

K | Cayy K| Gyl ?"

1 | 1.0 2 | 0.5

3 | 0.75 4 | 0.375 r//f‘
5 | 0.625 6 | 0.312 _
7 | 0.547 8 | 0.273

9 | 0.492 10 | 0.246
11 | 0.451 12 | 0.226
13 | 0.419 14 | 0.209
15 | 0.393 16 | 0.196

|17 | 0.37:1 18 | 0.185

19 | 0.352 20 | 0.176

21 | 0.336 22 | 0.168

23 | 0.322 26 | 0.161

25 | 0.310 26 | 0.155

27 | 0.299 28 | 0.349

29 | 0.289 30 | 0.144
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G
-
(. 1 i B + + -+ +
£~ w £ m h ) w £~
Hh Hh h [l [ . + h h
- = (o~ r—a - =
'fp = Input "pump" or microwave frequency
fl = Bias modulation or interu:.diate frequency
FIG. 3.2 OUTPUT SPECTRUM OF THE AMPLIFIER UPCONVERTER
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two equal sideband components.

From equations (3.13) and (3.14), the'centre»freduency gain will be

giveﬁ by:
‘ KC.
= 2 4 6 ' K/2 K
CF Gain = 20 log T + [1 + rjf1/2 g~ + 3/8 8 + 5/6 B +...+ 2K B +...]k even
° , - (3.15)
and the microwave conversionyefficiency; defined as:
. - + _ Upconverted (sideband) power (3 16)‘
Nconversion  Input microwave power ' .
will be given by:
. : KC
20 log|1/2[1 + T][3/4 ? +5/8 8> + 35/64 B7+-.-+[ E:i] 8%, .11 |
: - : 2 K odd
: (3.17)

el

Equation (3.17) has been derived on the basis of equal sideband
components. In practice, the sidehands may not be equal because the
circuit admitfance and its response may not remain constant over the

frequency band, as we have assumed.

3.3 Theoretical Results:
Typical theoretical results were obtained using the device and the
circuit admittance data of Figure 2.1. Known points at specific

frequeﬁciesvand r.f. levels were taken and other ﬁoints at .different

frequencies were interpolated. The computer was used to calculate T and
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]
B for different frequencies at fixed r.f. voltage levels. Using (3.16)

and (3.17), the centre frequency gain. and.conversion efficiency at each
frequency were also calculated. The infinite sum of serie; was considered
to have reached its 1limit when abso&ute value of incremgnt in (3.16)
~ and (3.175 decreased to 0.01 or less. For all the admittance values
considered, this limit was reached with K less than 30 for all ﬁhe
frequencies.

The conversion efficiency or sideband gain for éhdsen values of
|Yd | as 0.1, 0.2, 0.4, 0.6 at 10V r.f. signal level is plotted in
Figiﬁ% 3.3. With incréasing |Yd ] or 1.f. voltage, the conversion
efficiency increases at all freqiencies. Aléo, conversion efficiency
curves‘ciosely follow the correépopding gailn versus frequenéy character-
istics of the amplifier iﬁ Figuré}Z.A. The conversion e%ficiency versus
frequenéy curvés for different r.f. power levels but fixed valﬁe of
|Yd | = Q.l; shown in Figure 3.4,aonfirm this observation. ' It is inferést-
inglto note that a shift in frequencies at whicﬁ the amplifier has
maximﬁﬁ gain for different power levels is also reflected in éonvérsion
efficiency'verSus frequehcy plots.

The expected conversion efficiency as a function of [Yd | at

diffe;ent powér leveis 1s plotted in”Figure 3.5. It is pqssible to get

a higher éonvérsiog efficiency with low’|Yd,L (small i.f. signal

level) at émallerlmicrowave (r.f.) power 1eigls.‘ Highe% upcpnvertéd
(sideband) powe} levels can be obtained at highef r.f. lpvels,vbut

with reduced convetrsion cfficiency; In a practical amplifier upconverter,

therefore, a compromise hau to be arrived at for the microwave input

level, conversion effic ency and desired upconverted power. Theoretically,
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it is possible to have the upconverted output power equal to the maximum

power that could be delivered by the diode when acting as an oscillator.

As evident from Figure 3.6, the centre frequency gain also under-

goes some change with increasing Yd i.e. increasing i.f. level.

1
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CHAPTER 1V
KXPERIMENTAL RESULTS FOR IMPATT AMPLIFIER
UPCONVERTERS
Experimental results obtalned for two K~band lmpntt»umpliilvﬁu
being used as upconverters are presented fn this chapter.  The results
are compared qualitattvely with those anatysed fn the proevions chapter

and the validity of the theory is discussed.

4.1 Introduction

 pa;

at the output port of the upconverter.

The measurements of the upconverter characteristics were done
using simple and direct measurement techniques cxplqiuud in section 4.2.
Since there are such a large number of parameters (including the physical.
geters of the device) on which the ccnverter performance depends, :4,
it 1s impractical to examine the behav1or of an upconverter as a function}

of each one of them. The upconverter performance characteristics were

studied as a function of some of the important parameters ‘external”

to the device so as to verify qualitatively some of the results Analyﬁ§

, ;&;

in Thaptnr 1ITI. These "external' parameters include input microwavg

e

frequency,input power, the i.f. signal levels aﬁ@;the d.c. biﬁé>

R,
It shou') be pointed out that the measurements, as presented, were made

dJ

4.2 Measurement Circuit Used:
rhe circuit used for measurement of upconverter performance character-

istics is shown in Fiéure 4.1. The circuit is basically the same as used

for amplifier measurements, except for the passband filter in the output

and the bias circuit of the Impatt-amplifier.
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The Impatt-device in the coaxial amplifier was biased through a °

biasg tee (Microwave/FXR HW-90N) which has 2 minimum of 25 db isolation
3

W

between d.c. and the r.f. For the waveguide amplifier tﬁe bias coulq be
directly applied through a BNC connector (UG-1094/U) at the back of the
amplifier. D.C. voltage was applied through a 24 pH r.f. choke in parallel
with a 1000 ohm resistor. The i.f. signal was applied from a VHF
oscillator (hp3200B) throughra d.c. b&ocking capacitor df 1 uf. An
oséilloscope (Tektronics 7904) with /response up to 1GHz was used to
monitor the i.f. 1evéls, via a BNC tee.
Output spectrum aﬁd levels of different frequency components
were monitored at the output sampling direction;l coupler. A tunable single
cav1ty narrow band-pass filter could be used to filter out the upconverted
(31deband) signal. '~ The filter had an insertion loss of 4dB and 3dB bandwidth
ofapproximatelyYZOMHz. The filter was‘only uséd for distortion measurements

in section 4.4 where intermediate frequency was 70MHz.

4.3 Experimental Results:

The bias current for almcst all the measurements on the single~tuned

B4e

narrowband coaxial amplifier was maintained at 29.5ma and fov vhe double-
tuned'waveguide emplifier it was kept at 30ma. The amplifier response is
very sensitive to the tuning positions (circuit admittance ). Duiing the
course of the work small changes occurred in the tuning. To account

for these changes and for the purpose of immediate comparisor ina
oscilloscope displays of gain versus frequency »lots Ior bath vae single
tuned as well as double runed amplifiers are shown in Figures 4.2 and

L4

4.%. The -yerr i£21 scale wws calibrated using the SpL”(rum anulyzel and

: L )
Ty e N
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is not linearly related to theygain‘in dbs. . N

4.3.1 Single~tuned Amplifier Upconverters:

The i.f. frequency for most of the measuremgdts} was sselected to be
10MHz so that the theoretical assumption that circuit admittance is
almost constéﬁgwin the band of centre frequency and first order sidebands
holds within reason.

Lower sideband (LSB) conversion efficiency as a function of
microwave frequency at difféient input power levels is plogled in Figure
4.4, A small-signal i.f. voltage of 0.2V peak tgvpeék (Vpp) was selected.

The plots compare very well with the amplifier gaiu,characteristics of -

Figure 4.2 and qualitatively with theoretical results in Figure 3.3.

The shift in frequency at which the maximum efficiency (gain) occurs,

~and increase in bandwidth with increase in signal levels is .quite

apparent.’ A maximum conversion efficiency of ~-2dB is observed. For higher

i.f. levels, however, this efficiency increases.

=

The increase in upconversion efficiency with iﬁcrease in i.f. level
is evident in plots of Figure 4.5. A microwave input of -5dbm was
selected as a compromise between small and large micrbwavg signal levels.
The i.f. signal levels of 0.1, 0.2, G.4, 0.6 Volts (peak to peak) weré
chosen for comparison of these resuits with those theoretically obtained
in Chapter IIT. Except for i.f. level oZ 0.6 volts the results are in
a very good qdalitative agreement with theoretical broadband results in
Figure 3.1. At 0.6 Vpp the 'dip' at a ffequency of 9.950GHz might have
been caused because of some higher order admittance varidtion components

becoming prominent or due to local change in device admittance character-

istics at that frequency. A shift in frequeﬁcy where maximum of conversion
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efficiency occurs at different power levels is also noticeable. The
shift becomes mofe prominent at higher 1i.f. levels. " This suggests that
there is indeed some change in adm;ttance characteristics due to -large
i.f. signal, an effect that has been neglected in the analysisf
The:change in device-admittance characteristics and hence the
frequency of maximum conversion cfficiency is more clearly evident in
Figurc 4.6. Tﬁis figdre represents plots of conversion efficiency versus
i.f; signal levels. At smali_signals the ﬁicrowave ffequency was |

adjusted to the frequency at which the gain of the amplifier was maximum.

The conversion efficiency curves ror small microwave inputs (-10dBm, ~5dBm)

follow the thedretically expected curves for very small 1.f. after which
the curves start droping down. When‘the microwave frequenc; Qas re-
adjusted so that centre frequency component again ' could be maximum che‘
dotted curves were obtained. These follow the théoretically expectcd
curves. At larger microwave inputs (0dBm, 5dBm)}£eéu1ts are similar to
thqse theoretically expected. It is intcresting to note from the curves
that the i.f. levels at which this change in characteristics takes place,
depend upon microwave input level. 1t is reasonable to ccnclude from
thcse observations, thercfore, that the aralysis prcﬁented in tﬁe previoué
chapter is applicéble for very strong microwave pump signals only.

Lower side band was used for caiculation of conversion efficiency
for all the plots discussed above. The choice of ﬂSB.was arbitrary. Any
convenient sideband can be used for the output. As is quite apparent
from Figure 4.7, USB can be biggei in.magnitude than LSE depending upon
input microwave frequency. The inequality of sidebar.ds may be due to
circuit admittanc® at sideband"frequency being diffcrcnt from.circuit

admittance at centre frequency. It 1s worth noticing that sidebands are
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equal when microwave frequency is adjusted where peak of CF gain occurs.
Also, the maximas of thé LSB and USB are displaced exactly by iﬂqéfmediéte
frequenc; ffom this centre frequency, on either sides.

Lower and upper sidebaﬁd magnitudeé aé é function of d.c. bias
curreﬁt are plotted in Figure 4.8. The microwave frequency was adjﬁsted
so that ﬁhe amplifier had maximum gain (at 29.5ma d.c. bias current) .

The saturatign of sideband comgdnents with bias current, similar té ;he
power'saturatibn in Impatt—-amplifiers cah be observed. The aﬁplifier
being narrow-band in frequency, measurements for varying i.f. were not

done because as the microwave frequency oT the components fall out of

amplification band, the sidebands. become very small (less than —20dBm

at —3dBmpicrowave input).:

" 4.3.2 Double-tuned Amplifier Upconverter:

A secoﬁd set of ﬁeasurements was taken on the relatively broad-
Eand waveguide'amplifier.

Lowef sideband conversion efficiency versus the microwaveffréquency
at different input power levels is plotted in Figure 4.9. Inte;médiate

frequency was kept as 10MHz at a level of 0.5Vp_p. The bandwidth

_characteristics in the plots closely follow the amplifier gain plots

in Figure 4.3. The double peaks and decrease in efficiency with extended
bandwidth for hiéher microwave inpups are also notiéeable.
The_intermedia£e frequency for all thé expeiimental results discussed
so far was 10MHz. This was done in order to verify the analysis of
Chépter IT1. In practical microwavé upconvérters, however, much higher

i.f. (70-140MHz) is used. The rest of the measurement data for the
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broadband amplifier, therefore, was obtained at 70MHz i.f. TFigure 4.10
shows the' LSB magnitude versus input microwave power plots at different
microwave frequencies.A The saturation of sidebend power in the up-
converter at increased iuput power seems to be similar to saturation
properties of Impatt-—amplifier shown in Figure 2.9. At Odbm input, the
sideband power increases to 9dBm at 10.075 GHz dinput. These results
indicate that t!. upconverter perforhance behavior is similar to the
amplifier performance characteristics.

t B couveraipn efficiency versus i.f. peak to peek voltage at
different input microwave power levels is piotted iu Figure 4.11. A
maximum conversion efficiency of 13 dB was obtained. The curves are 1in
r%markable qualitative agreement to those expected upto about 0.7V o
i.f. level. The efficlency curves start departiug from the expected
behavior at higher i.f. leveis, possibly because of shift in device
admittance characteristics as already explained in section 4.3.1. It is
to be noticed that this departure from expected'behavior takes place
at higher i.f. levels in broad-band amplifiers as compated to narrow-band

. T ’
case. Th. . L magnitude versus i.f. voltage plots at different microwave
input frequencies, éhown‘in Figure 4,12, indicate that maximum LSB'power
output is available for 10.075GHz 1nput frequency. At this microwave
frequency the LSB component (at frequency 10. OOSGHz) falls at the
.amplifier gain peak as is evident in Figure 4.3.

In Figure 4.13, the LSB, USB and centre ftequency components as
a function of input microwave frequency are plotted at an input level
of -SdBmf The side-bands are equal when the microwave input fregyency
is‘in the centre of the amplifier beQd. The 1esu%/sfindicate that the

.
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upconversion band width is smaller than the amplifier bandwidth. Alsa,
the component magnitudes are maximum when both centre ffequency anc¢ side-
band components fall within the amplification band of the amplifieri

It can alsé be observed that when the microwave frequency is =’ thin

the amplification band of the amplifier (larger gain) the change in the
magnitude of sidebands is relatively slow as compared to the drcp when
it is outside the bgnd. This is rather an inte: = ©ing observation
because in equation‘(3.l7) that gives sidéband magﬁitudeg [+ T] is a
multiplying factor in the expression, where T che centre frequency
voltage gain. It can be concluded from these plots and above discussion
that sideband response of the upconverter is determined by both thé
centre frequency gain of the amplifier and the response of the microwave
circuit at component frequenciles. A maximum of upconverted power (side~
band) can be obtained by optimization of both of these values.

In Figure 4.14, upper sideband. (USB) magnitudes as a function of USB
frequency are plotted. Various fired microwave frequencies were selected
:bilg i.f. was varied. For r.f. frequency outsis2 tﬁ\'fﬁplification bar:d
(9¢§SOGHZ), ldwef . ideband response remains very Sm- 1 lees than -35dbm)
and the USE rgsponse_follows the gain curve of the amplifier, with its
maximum magnifude being -12dbm. .At the +.f. frequencies closer t©O the
centre.of the amplification band (higher CF gainJ the USB response goes
up, still following the gain curve of the amplifier. Similar behavior
was gbserved when the r.f. frgquency was tuned towards the upper end of
the amplification band and LSB response was observed. The dependence
of sideband magnitude on centre frequency gain is quite apparent. Also,
when a_frequenéy modulated i.[. signal is impressed upcn the bias of the

amplifier, f.m. to a.m. conversion is expected to be small because of
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R

wideband upconversion response. At input frequency of 9.990GHz, the
response variations remain within 3db over thé tbtal amplifier band.
The performance should further improve‘by making the amplifier reéponse
flatter.

According to the amalysis.in Chapter III, the sideband generation
in the bias-modulated 1§psxt~amplifiers is expected ﬁo be mutrly dﬁe
to gain‘magnitude variatici.s with the applied signal. To verify this,
the experiﬁental set up of ¥Figure 4.15 was usc directly compare the
sideband magnitudes as seen from the spectrum & .yzerT with those
expected from oscilloscope display of crystal dé;ector output. It is ﬁo
be noted thét cfystal diode will detect only tbg magnitude variations in
the r.f. sigﬁal. The calibratidnvcurve of the diode detector, namely,
the ﬁlot betweep d.c. voltage output andv/gzg, where Pin is microwave
input power, was observed to Be a straight line. The output of the
détector for varying r.f. amplitude would be as'shown in Figure 4.16.
The expected sideband magnitude for a.m. can be directly calculated in
dBs from the output d.c. voltage VdC and the detected i.f. magnitude

Vac,by using the following expression:
\Y
ac

2Vdc

Sideband Magﬁituae = 20 log (4.1)

The measurements were made using a low bias-modulation” frequency
(1IMHz) because of detector frequency responséa The saturation of the
diode could be avoided by precision attenuator in the output circuit.

Tﬁe czlculated sideband &agﬁitudes and tﬁose measured on *“he spectrum
.lyzer are shown in Table 4.1. Measurements at 10-076CHZ Yor different

°

microwave input and i.f. levels indicate that measured values are ‘

3
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comparable within 1dBwith those expected. However, at 10.005GHz the

measured values are observed to be upto SdB'greater than, those expected.

This -suggests that at thig microwave frequency, the r.f. signal could
be f:equency (phase) modulated because of applied i.f., which would
make an additional contribution to the sidebands.

‘A frequency discriminator,in the p;ace of crystal detecter was
used to testvthe presence of f.m. Afier application of bias signal
some signal was detected at the output of the dlser1m1nator which in-
creased w1£h increasing i.f: level. This 1nd1cates that the bias
modulation could cause the susceptance of the dev1ce to vary with the
signal frequency, depending upon the point of operation in the édmittance
plane. Any fu;ther analysis on the topic should take this factor into
consideration. The contribution to the sideband componeet due to
frequency (phase) modulation is not necessarily undesifable. The
important C“lterlon for the upconverter to be used in system applications
is the amount of distortion 1t introduces in the signals modulated on the
i.f. For flat response upconverters, the a.m. distortion in f;equency
modulated signals on the i.f. is expected to be small, as discussed in

section 4.3,2.

4.4 Signal Distortion in Impatt-amplifier UEconverters

The nonllnear saturation mechanism of the 51deband components as
observed in Figure 4.10 should be expected to cause signal amplitude and
phase distortions in ‘the upconverter at higher microwave 1nput levels,

The stud*es of .distortion introduced by Impatt-amplifier upconverters in

the amplitude and frequency modulated signals on the 1i.f. are .important
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TABLE 4.1 SIDEBAND MAGNITUDE FROM SPECTRUM ANALYZER AND

OSCILLOSCOPE MEASUREMENTS

Frequency 10.070 Gliz 10.005 GHz
—i
i.f. level 0.05 Vv _ 0.10 v 0.0 Vv 0.10 v
—_— PP PP pp : PP
Microwave [EXpect—|Measur-{Expect—-| Meas. |Expec. |Meas. | Expec| Meas.
Power ed ed ed :
dBm dBm dBm dBm dBm dBm dBm |. dBm
-10dbm -29.9 |-31.0 | -24.7| -25 |-32.6 |=-30.0| -27.2[-23.0
- 5dbm -32.0 |-32.5 -25.4 ] -26 -33.0 ~-29.01 -24.7 ;20.0
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for system applications. But,because of nonavailability of VHF source
with f.m., the distortion test for f.m. signals could not be performed.
An experimental investigation into the distortion for an amplitude

modulated signal was made.

"4.5.1 Measurement Circuit:

The measurement circuit was the same as shown in Figure 4.1, with
, P .

-

a few additions. An amplitude modulated i.f. was applied at the bias
circult. The audio signal modulated on r.f. was detééted by using a
crystal detector (HPX424A) at the narrow pass-band filter output. It
was assumed thit the detector diode does not introduce significant
distortion in the output signal. Both the input audio signai and’
detected output signal eould be directly compéred on the oscilloscope.
By using a low frequency spectrum analyzer (Systron Doﬁner 710/800)

‘the second and third harmonics of the audio signal could be measured.

4.5.2 Experimental Results:

A freqﬁency of iOKHz was used for amplitude modulation of the
intermediate frequeﬁpy of 70MHz. Input microwave frequency of l0.073GHé
was selected so that the LSB (at lQ.OO3GHz) was maximum. The filter was
tuned to this fregquency and the distortion was studigd in terms of
harmonic contents. The ipput microwave signal was varied to different
levels. The third " ~monic wasralways more than 50db below the
fundamental. The second harmonic contents are plotted in Fiéure 4.17.

A minimum is observed at -10dBm input. Harmonic contents increase with

increased input levels as expected. In Figure 4.18 the relative
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amplitude of the second harmonic is plotted as a function of i.f. voltage.
A minimum is observed at 0.4 vp~p' Again the third harmonic was always

»
more than -bélbw the fundgmental. The resulkts indicate that the
dis%ortion of the upconverter for amplitude modulated signals”is very
small. The second harmouic is seen to be always more than 30dB below
the fundamental.

Similar tests could be perfofmed for frequency modulated i.f.,

replacing the crystal detector with a frequency discrimiuator.
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CHAPTER V
SUMMARY‘AND CONCLUSIONS

A simple theoretical\analysis of amplifier upconverter chéracter—
istics was car%ied out using the device and the circuit admittance data.
The analysis was done by considering that the bias current modulation
due to applied i.f. signal causes the admittance of the device to vary.
This causes the amplifier gain to vary and, therefore modulation ofﬁ
the output signal,-when a signal with fixed level ;nd fréquency is
applied at the inpﬁt. One of the sidebands (usually first) can be
filtered out as the output. The following conclusions can be drawn from
the analysis and‘thé ékperimental results of Fhe‘lmpatt;amplifier up-
converter: |

Large conversioﬁ gain of the order of 13dB could be obtained.
Cohversion géin (efficiency) is large fqr small r.f. inputs and it
decreases with increasing leve}‘of input signal. The Qpcqnverted power‘
éutput, however, is greater for larger microwave iqput'signals. Thefefore,
a compromise has to be made, while selecting input power 'level, between
the output power ana the conversion efficiency.

Larger conversion gain can be ogtained by an increase in i.f. signal -
level. At larger i.f. but sﬁall r.f. levels a shift in admit®
characteristics may cause the output to decrease, for a fixed input- micro-
wavée frequency. The centre frequency can-be readjusted to get a larger
sideband response.

With an increased level of microwave input signal the denominator
vector D increases and thé pgain of the ampl /... :c-eases. However, a
larger microwave signal level allows a larg~: °.°. signal to be applied

at the bias circuit before the upconverter becomes unstable. -
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?é&ﬁigiency can be achieved
“at higher r. ... levels. o
The 1@p§ttﬁamplié1ﬁrvppconverter performance is similar to the
aﬁplifierfchérdcferistica. Therefore, better upconversion performance

can.ﬁe obtéined by betfér amplifier design.

Some adqitionay conclusions: can be drawn from the experimental
meaSuremQJfé aﬁ‘;?o Impatt—amplifiers.

The ridebaﬁa magnitude.depends upon the circuit response at“the
component frequenéies. Either of the sidebands (LSB or USB), therefore,
could have larger magnitude depending upon the gain characteristics of
the amplifier, input microwave. frequency and the intermediate frequency.

The sideband magnitude is w.aximrm when both the sideband component
and the centre .frequency lie in the ampliii-ation band of the amplifier.

For broadband upconversion characteri- ©, .orefore, the amplifier

should be very broadband.

The sideband magnitude depends Gon th sntre frequency gain,
input power level and the d.c. bias . ver - An optimum selection of
these,parameters has to be made for m: i = sideband power.

' . , . )

The bias modulation could also caus. some frequency and phase
modulation of the r.f. particularly at higher i.f. leyels. This causes
‘an increase in the sideband level and therefore contributgé to the up-
coﬁverted output: |

Distortion introduced by éhe Impatt—amplifier upconvefter in the
audio signals amplitude modulated on i.f. is very\sméll. Second harmonic-_

is more than 3048 below the fundamental.

/
/
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.act study of upconversion phenomena in Impatt-amplifiers from

D sce considerations should be possible by including the following
effects: |

1. The device susceptance variations with applied bias signal

o

should be included in the‘analysis:' An estimafe of the complex

constant relating admittance variations to the small éignal i.f.

ievel may bé nenessary.v

2. The circuit reéponsé at the component frequencies plays an

important role in determination of component magnitudes. The

effects éhbuld be included in thé analysis;

3. The nonlinearity of deQiCe admittance and its variation with

bias signal may be charaéterised. It may be poésible then té exactly

predict the sideband response and, the intermodulation products

in the upéonverter. |

4, A study of distoftion introducgd by the upconverter, when the

baseband. signal 1s frequency modulated, is necessary to investigate

the usefulness of Impatt-amplifier upconverters in microwave systems.
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