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Up-Conversion in IMPATT Amplifiers
RAMESH K. GUPTA, STUDENT MEMBER, IEEE,

A bsfmct-A simple technique has heen presented to determine the

up-conversion characteristics of IMPATT-diode amplifiers. The
method uses the admittance characteristics of the device and
the circnit of the amplifier. Theoretical results are given for a typical
example and a comparison is made with experimental results
obtained for actual amplifiers. Qualitative agreement is obtained.

I. INTRODUCTION

I MPATT-DIODE amplifiers can be used as microwave

up-converters by impressing an intermediate-frequency

(IF) signal onto the bias circuit of the amplifier [1], [3]-[5].

High conversion gain can be obtained by use of such a

scheme, even in the millimeter-wave region [4], [6].

The Read model has been extensively used for under-

standing and analysis of the conversion process in avalanche

diodes. By solving the nonlinear differential equations

describing particle current in IMPATT diodes (continuity

equations for holes and electrons, and Poisson’s equation),

important qualitative results explaining the conversion

phenomena have been reported [2]-[4]. The Read model is

recognized as an imperfect representation of real diodes;

therefore, the results are only approximate for practical

devices.

This paper describes another approach to analyze the

frequency-conversion characteristics of avalanche am-

plifiers in terms of familiar engineering concepts. The

admittance characteristics of the diode and of the micro-

wave circuit have been used for the study. Theoretical results

are obtained for a typical example and qualitative agree-

ment is obtained with experimentally observed results.

II. ANALYSIS

Using the model of Laton and Haddad [7], the power gain

of a one-port reflection-type IMPATT amplifier N given by

(1)

where Y~ and Y~ are the admittances of the circuit and of the

diode, respectively, and r is the reflection coefficient of the

amplifier, (For an amplifier, the real part of Y~ must be
negative. ) The asterisk indicates the complex conjugate.

Defining Y~ – Yj as the numerator vector N and Y~ + Y~

as the denominator vector D, then

(2)
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Bias-current modulation due to the IF signal will cause

variations in the device admittance vector at the signal

frequency. In general, the variation of Y~ with the bias

current will be a complex nonlinear function that will cause

both amplitude and phase variations in the microwave

output signal.

The analysis may be simplified considerably, however, if

we make the following assumptions. First, for small IF

signals at frequency COl, we may assume that YJ, the

variation of Y~, will be a linear function of the bias signal,

so that we may write

Td = Y~l sin ml t. (3)

Second, it has been shown by Greiling and Haddad [8]

that bias-current variations affect mainly the conductance of

the diode; the device susceptance variation is relatively

small. If we neglect the latter effect, then ~~ in (3) becomes a

real quantity.

Then (1) can be written

(4)

where the origin of the time variable can be chosen to make

Y~, a negative quantity.

Equation (4) may be written

(5)

The magnitude of El must remain less than D if the amplifier

is to be stable.

This equation may be expanded in a Fourier series to give

a fundamental component of ~ at al and higher frequency

harmonics. Defining ~ = I ~, l/D and using \ r I = I N/D 1,

we get

\rl= r+(l+r) f~’”cn

2n+l
h+l

+ sin cqt[l+ r] ~jo+ cn

+ higher frequency terms (6)

where “C’~ = (n !/m! (n – m)!). The microwave output signal
is given by ~ times the input signal

VOU,= \ ~ I ~,, sin opt (7)

where COPis the microwave input or “pump” frequency.
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Fig 1, Theoretical conversion efficiency versus RF frequency at different

RF power levels.

l[f ml is small then the admittances presented to the

sideband frequencies will be equal, and the first sideband

microwave-conversion efficiency, defined as

up-converted (sideband) power
q=

input microwave power

wil 1 be given by

Equation (8) is a convergent series and for known

of /?, the conversion efficiency q can be calculated.

III. TYPICAL EXAMPLE

(8)

values

lJsing the admittance data of Laton and Haddad [7] as a

typical example, theoretical results for q have been obtained

for different values of Y~, frequency, and ~,. Y~ depends

upm the bias-current frequency, and microwave-power

level, and these values were taken directly from the device-

ciro-tit admittance diagram. For the purposes of this study,

~, has been assumed to depend only on bias-signal level. A

plc~t of conversion efficiency as a function of frequency at

different input microwave levels is shown in Fig. 1. The

conversion characteristics are similar to amplifier gain

characteristics. The shift in gain maxima and broad-banding

with increase in microwave signal level is quite apparent.

The conversion efficiency as a function of I Y~l I is plotted

in Fig. 2. The efficiency increases with increase in I Y~~1,that

is with increase in the IF signal, It is to be noted that at small

microwave input levels, where the amplifier has larger gain,

the conversion efficiency is also larger. The conversion-

eff ciency bandwidth is comparable to the amplifier band-

width. The variation with frequency is a direct result of the
variation of YLand YD,so that the conversion characteristics

are similar to the amplifier gain characteristics.

IV. EXPERIM~~TAL R~SULTS

Experimental results were obtained for two IMPATT

amplifiers, a single-tuned narrow-band coaxial-cavity
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Fig. 3. Conversion efficiency (LSB) versus microwave frequency at dif-
ferent input power levels. Bias current: 29.5 mA.

amplifier and a relatively broad-band double-tuned wave-

guide amplifier. The device used in both cases was an

X-band HP5082-0435 IMPATT diode. The narrow-band

amplifier has a small-signal gain of 15 d13 at – 20-d Bm input

and 9.975-GHz center frequency and a 3-dB bandwidth of

10 MHz. An intermediate frequency of 10 MHz was used
(because of the amplifier being narrow-band). The conver-

sion efficiency for the lower sideband versus input frequency

at input levels of — 10, —5, 0, and + 5 dBm is plotted in Fig.

3. A very weak IF signal (0.2 VP_P) was used.
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Fig. 4. Convcrs]on cfficlcncy (LSB) versus IF-signal amphtude at differ-

ent input power let els Bias current: 295 mA

The conversion efficiency as a function of increasing

IF-signal amplitudes at – 5-dBm microwave input level and

9.965-GHz center frequency is plotted in Fig. 4. At larger

microwave inputs (O dBm, 5 dBm) results are qualitatively

comparable to those theoretically expected. For small

inputs ( – 10 dBm. – 5 dBm), the conversion efficiency

follows the theoretically expected curves only for very small

IF signals, after which the measured gain drops off instead of

increasing further, as expected. A readjustment of the center

frequency, however, so that this frequency component is

maximized, gives the dotted curves. These can be qualita-

tively compared with those expected. These results indicate

that there is a shift in admittance characteristics of the device

for strong IF signals, which causes a detuning of the

amplifier. This is particularly noticeable for small micro-

wave input signals. because the small-signal gain is more

sensitive to changes in ID. A proper analysis for this case

would have to include these changes.

Similar results were obtained for a relatively wide-band

waveguide amplifier, When the IF was varied, keeping the
center frequency fixed, the curves of Fig. 5 were obtained.
For the three different center frequencies used, it is clear that

the maximum conversion efficiency results when the micro-

wave input signal lies within the passband of the amplifier.

The up-converter response seems to be determined by both

the center-frequency gain of the amplifier and the response

of the microwave circuit at the sideband frequency. The

results indicate that a wide-band up-converter will require a

wide-band amplifier. Similar experimental results have been
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Fig. 5 Upper sideband magnitude versus frequency for filed center
frequencies and varying IF Bias current: 30 mA.

obtained by Rolland et al. [4]. At 33.5 GHz, they obtained a

3-dB bandwidth of 680 MHz using a wide-band waveguide

reflection-type amplifier.

V. CONCLUSIONS

By impressing the IF signal onto the bias, an IMPATT

amplifier may be used as an up-converter with gain. The

bandwidth of the up-converter will be comparable to that of

the amplifier. To obtain good conversion efficiency both the

input microwave signal and the up-converted output signal

must be within band of the amplifier. The conversion gain

depends upon the microwave-signal level, IF-signal level,

and frequency.
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