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Since sensitivity is one of the most important characteristics of a
countermeasures receiver, the microwave receivers, TN-139/ULR,
TN-140/ULR, TN-141/ULR, and TN-142/ULR, of the AN/SLR-2 (Serial
No. 53) were analyzed to determine the lowest noise figure possible and
the limitations of the present design. The losses and excess noise
characteristics in each of these receivers were analyzed independently
to determine the necessary types of modifications for best noise fig-
ure. The final innovations consisted of redesigning the r-f input
coaxial-line-to-cavity coupler for the TN-139/ULR and TN-140/ULR
together with modifying the local-oscillator decoupling circuit in these
two receivers and the TN-141/ULR. The design of the mixer incorpo-
rated in the TN-141/ULR is inadequate and should be replaced with
the type used in the TN-130/APR-9. The investigation of the
TN-142/ULR consisted mainly of analyzing the merits of different
types of crystals to determine their effect on over-all noise figure.
The characteristics of the broadband Sylvania 1N286 coaxial crystal
seem sufficiently favorable to warrant a new mixer design to match its
r-f impedance. The limitations of the type of design present in the
receivers under discussion were formulated from empirical data taken
. of the input mismatch loss, preselector loss, r-f crystal impedance,
and i-f crystal impedance of the units. From this data optimum design
calculations were performed for the TN-140/ULR with the practical
minimum over-all noise figure determined used as a reference for all
the receivers. Practical minimum values of noise figure were
approached at certain frequencies in both the TN-139/ULR and
TN-140/ULR, but not in the other two receivers, Since this indicates
that the modified mixer design is close to optimum in the TN-139/ULR
and TN-140/ULR receivers, the limiting factor for minimum noise fig-
ure is r-f circuitry loss. Noise figure improvement will also ulti-
- mately be limited by r-f circuitry loss in the TN-141/ULR and
TN-142/ULR receivers if the suggested modifications are used suc-
cessfully. Every attempt should be made to improve the r-f circuitry
loss of the individual receivers, but difficulty will be encountered
because of the wide frequency ranges involved.
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This is a final report on one phase of the problem; work on this
problem is continuing.
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The lowest possible noise figure for the i-f preamplifier is desired in the optimum
design of the receiver. The fact that Fj - 1 is directly proportional to frequency indicates
the desirability of low values of intermediate frequency. It will be seen, however, that t
increases as the intermediate frequency decreases; therefore a compromise must be sought.
Other factors that influence the choice of intermediate frequency will be discussed later.
Two different types of low-noise i-f preamplifiers designed at 160 Mc were utilized to
minimize the receiver noise figure. The first was the new Collins preamplifier design which
incorporates two grounded-grid 417A triodes followed by a pair of conventionally operated
6AK5 pentodes. This preamplifier, as used in the TN-140/ULR, had a noise figure of 4.8 db
when the input coil was optimumly tapped. The second consists of three cascaded cascode
stages with 5718 triodes (2). This preamplifier was used in the TN-139/ULR and TN-141/ULR
investigations. By optimizing the input tap the lowest possible noise figure of this preampli~
fier was about 6 db. Since the optimum tap setting for best receiver noise figure is slightly
different owing to its effect on conversion loss, the actual noise figure of the preamplifier in
the circuit is about 1 db higher than the afore-mentioned figure.

The last term of Eq. (1) is the mixer noise temperature factor, ty, which is defined as
the ratio of the actual noise power generated by the mixer to the noise power generated at
room temperature by a resistance equal to the mixer output resistance. This figure does
not include noise due to the local oscillator since in a good mixer design only a negligible
amount of noise is contributed by the local oscillator. The mixer noise temperature factor
for the receivers under investigation is quite different from the figure that is given in a
manufacturer’s specification sheet which is measured at 30 Mc in a standard mixer. The
value of ty, at a specific signal frequency is a function of the intermediate frequency, the
current passed through the crystal, and the physical design of the mixer which dictates
under which of the three afore-mentioned image frequency conditions the crystal will operate.
The dependence of t,, on the latter condition is obvious through its definition since the i-f
output impedance of the crystal is a function of the image frequency termination. It has now
been shown (1), through use of a composite curve on independent excess crystal noise meas-
urements, that an inverse frequency relationship exists from 30 cps to 24,000 Mc. Using
this relationship an exact optimum intermediate frequency can be chosen resulting in the
lowest possible value of ty and Fj as shown for the TN-140/ULR in the Appendix.

Caution should be used to prevent the local oscillator from contributing a considerable
amount of noise at this optimum intermediate frequency. The local oscillator produces
noise voltages on either side of the carrier. The spectrum in reflex klystron oscillators is
determined by the cavity Q and the reflector voltage setting. The noise components which
differ from the carrier frequency by an amount equal to the intermediate frequency mix with
the carrier in the crystal and produce noise in the output, the amplitude of this noise being
proportional to the local oscillator power. It is evident that the higher the intermediate
frequency, the less effective noise in the spectrum and the smaller amount of converted noise.
Reflex klystrons operating at 3.0 kMc sometimes produce an appreciable amount of noise at
an i-f of 30 Mc, but at an i-f of 160 Mc the oscillator noise is negligible providing the crystal
current remains less than about 2 ma. The latter condition 'is extremely important since the
crystal (t;,-1) value is small compared to the i-f preamplifier noise figures obtainable at
160 Mc, and any increases of (ty;-1) due to oscillator noise would minimize the effect of
obtaining a lower Fj. It should be noted that the precautions discussed pertaining to local
oscillator excess noise are needed mainly because of the unbalanced mixer utilized in the
receiver under investigation. A balanced mixer eliminates local oscillator noise; therefore
if such a mixer is used the intermediate frequency can be decreased without an increase in
local oscillator noise.

The TN-140/ULR receiver was analyzed at 3.0 kMc to determine the optimum inter-
mediate frequency and the amount of decrease in over-all noise figure when the intermediate
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MODIFIED INPUT COAXIAL—LINE-TO-CAV!TY COUPLER

TYPE UG 23 B/U
CONNECTOR

MARK FOR CAVITY
ALIGNMENT

®-ORIGINAL COUPLER
O-MODIFIED COUPLER

| | I | ] I L I |
2|,40 2.60 2.80 3.0 3.20 340 3.60 3.80 4.0 4.20 440
FREQUENCY (KMC)

Fig. 1 - Effect of modified coupler on the r~f input VSWR of the TN-140/ULR

thorough empirical investigation of different types of r-f aperture couplers designs for the
best matching conditions over the frequency range was not performed. Needless to say,
further investigation to decrease these losses could be well warranted. One of the reasons
why a good match is difficult to attain in the TN-140/ULR cavities is that the aperture is

a relatively large distance from the short end of the cavity. The proper cavity impedance
must then be attained through deep loop penetration which increases discontinuities in the
magnetic field thereby increasing matching problems. The TN-128/APR-9, which is analo-
gous to this receiver, has a smaller distance from the aperture to the short; therefore the
loop has to be just flush with the cavity wall for a proper impedance match which results

in a better and less sensitive match. Both the loop penetration necessary in the TN-140/ULR
(0.078 in.) and the position of the loop in the cavity are quite critical. The former should be
kept within 0.005 in, and the latter, although marked, should be checked with a slotted line,
making slight angular adjustments if necessary.

A high impedance is required at the point where the local oscillator power is injected
to keep the r-f signal voltage developed across the crystal as high as possible. A decoupling
network, which is used in the TN-140/ULR mixer to achieve this impedance and also to attenu-
ate the local oscillator power, consists of an L-pad with 51 ohms as the series element and a
polyiron bushing as the shunt element. The position of the resistor seems to add a serious
discontinuity to the system. By removing the series element and replacing it with a piece of
No. 28 wire, an appreciable improvement in noise figure can be obtained throughout a good
portion of the frequency range. In order to keep the local oscillator power at a reasonable
level it was necessary to make an adapter with a series element and place it between the
reflex klystron cavity coupling loop and polyiron bushing, In the adapter, the base of a type
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UG-88/U cable plug was soldered to the base of a type UG-291/U panel jack with the series
resistor soldered to the individual pins. It was found that for this receiver a series resistor
of-240 ohms attenuated the local oscillator power to a level where optimum operation could
be approached, Curves I and II of Fig. 2 illustrate the improvement in noise figure when
the adapter and modified mixer are used.

30 T T T T

NOISE FIGURE

]
3
T

LOSSES AND NOISE FIGURE (DB}

CALCULATED CONVERSION
L0SS ("x" IN23D)

| | [ 1 1 £ | ]
Q

260 280 3.0 3.20 340 3.€0 380 4.0 420 440
FREQUENCY {KMC)

Fig. 2 - Noise figure, r-f preselector loss, and
conversion loss for TN-140/ULR. The noise
figure of the original TN-140/ULR with the “x”
1N23D crystal and the modified coupler (as
shown in curve I) was progressively improved
by using the modified mixer with the 240-ohm
adapter (II) plus replacing the original i-f pre~
amplifier with the new Collins preamplifier,
using the original input tap setting (III) and then
optimizing the tap (IV).

The fact that the modified mixer resulted in a higher impedance at the oscillator
injection point is verified by Fig. 3, which shows the r-f impedance at the input terminals
of the crystal under both conditions. The r-f impedance was measured, utilizing slotted
line techniques, by placing a special adapter in the crystal holder and assuming that the
stray capacitance (approximately 10 puf) at the end of the holder represented a short cir-
cuit at these frequencies. Since the r-f impedance is then in effect due to the parallel
combination of the r-f cavity impedance and that of the local oscillator coupling circuit,
an increase in impedance would obviously indicate an increase in the latter since the former
would remain constant at a certain frequency setting. Actually the stray capacitance repre-
sents an impedance of approximately 5 ohms over the range which evidently has some effect
at lower frequencies, but this does not alter the over-all validity of the results. It should
be noted that the increase in cavity impedance with frequency shown in Fig. 3 should be
expected because with the stationary coupler the magnetic coupling decreases with fre-
quency resulting in a higher impedance terminal. Attaining a higher impedance by
replacing the series element with a small wire can be explained by considering the low
impedance polyiron bushing as being transformed to a high impedance at the r-f crystal
injection point by the incorporated transmission line. Since a large characteristic
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impedance of the line is essential in attaining a high local oscillator impedance, the center
conductor should be made as small as possible.

A comparison was made between the latest Collins i-f preamplifier for the TN-140/ULR
and the original preamplifier. Before accurate measurements of Fj could be made, the
empirical value of i-f impedance of the crystal in the particular mixer used had to be deter-
mined. It is assumed that the reactive component is tuned out by the input of the preampli-
fier; therefore the impedance of the noise source will be the real component of the i-f
impedance. As shown in Fig. 4, the average value of i-f impedance over the range seems
to be of the order of 100 ohms for the “x” 1N23D in this mixer and also 100 bhms for the
six 1N23B crystals at 4.0 kMc. With a noise source resistance of 100 ohms, F; of the
original and of the new Collins preamplifier were 8.8 and 5.5 db, respectively. The input
tap of the latter was not optimum for this particular receiver, apparently having been
adjusted by assuming the crystal had a nominally higher i-f impedance than measured here.
Hence, by moving the input tap on the tube side of the first 417A one turn toward the cathode,
the ¥j was decreased to 4.8 db. This resulted in the same order of decrease in receiver
noise figure as shown by curves III and IV of Fig. 2. Except at 2,60 kMc where a resonant
effect of the local oscillator adapter caused excessive losses, the average variation in
receiver noise figure between curves II and IV of Fig. 2 was close to 4 db, the same as the
difference between the two preamplifiers. This should be expected when local oscillator
noise is minimized.

150 T T T T T

o "IN238

—x IN23D o<5"IN238 [
2" AND'3" IN238+0

elo] o

"8 IN23B
4" N238

{MPEDANCE (OHMS)

0 ! i 1 | il [
260 280 30 320 340 360 380 40 420 440
FREQUENCY (KMC)

Fig. 4 - Real compomnents of i-f impedance
measured over the frequency range for the *x”
IN23D crystal and at 4.0 kMc for six marked
IN23B crystals in the modified mixer of the
TN-140/ULR

The exact losses in r-f preselectors must be known in order to evaluate the limitations
of this receiver design. Valid measurements of this type at these frequencies are extremely
difficult to make. Since the substitutiontechnique of loss measurements is most practical here,
the mixer loop coupler and transmission line had to be reproduced with a type N fitting replac-
ing the crystal holder. In order to guarantee that the losses measured were due to the pre-
selector alone, the mixer losses had to be minimized. Because of the previously discussed
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modification of the local oscillator series element, the local oscillator injection impedance
was considered high enough not to seriously disturb the crystal match condition. Therefore,
its omission in the reproduced mixer did not neglect appreciable r-f losses. A thorough
investigation of the original mixer design was made and with the change in the local oscil-
lator series element, the design seemed optimum. This investigation was comprised of loop
penetration variations with both the original mixer and a modified mixer design. The latter
innovations consisted of changing the transmission line characteristic impedance to 40 ochms
from the original 88 ohms and varying the aperture size to obtain the best over-all noise
figure. The center conductor was also varied with aperture size to maintain a 40-ohm
characteristic impedance. This was done to determine whether a lower impedance trans-
mission line would provide a better match to the crystal. Since the Q of the individual
cavities, which is governed by the coupling device used, must be approximately equal for
suitable passband response, the Q equation™ of a coaxial tuner loaded by one loop (4) was
the design criterion. The best noise figure obtained with the 40-ohm transmission line was
about the same as that of the original mixer. A slight improvement was expected, since r-f
measurements indicate that the crystal impedance is lower than 88 ohms. A possible
explanation of the lack of apparent improvement with this modification is indicated by the

Q equation, The area (A) of the loop which is decreased by reducing the characteristic
impedance must be counterbalanced by an increase in loop depth (decrease in r) in order

to stabilize Q at a certain impedance; the added loop depth discontinuity losses can more
than offset the slight improvement in noise figure expected.

The loading of the special mixer adapter for preselector loss measurements had to be
the equivalent of the r-f crystal impedance. The r-f crystal impedance can be derived from
the r-f impedance data recorded if optimum matching in the mixer is assumed. This
assumption is reasonable for the TN-40/ULR modified mixer especially at the frequencies
such as 3.2 kMc and 3.60 kMc where the receiver noise figure approaches the theoretical
statistic minimum given in the Appendix. Under optimum mismatch conditions the r-f
signal impedance should be approximately 0.59 times the mixer impedance; therefore
from Fig. 3 the r-f crystal impedance of the “x” 1N23D in this mixer seems to be of the
order of 50 to 60 ohms. This simplified the loading problem since 50-ohm type N con-
nectors and lossy cable could be used as the load without introducing serious errors
in the loss measurements. In comparing the preselector losses with the noise figure of
the TN-140/ULR (Fig. 2), it is evident that the same general trend exists in each curve,
Conversion loss varies as the matching conditions differ at various frequencies so a
direct proportionality between the curves should not be expected. The validity of the data
taken was checked by comparing the L, of the manufacturer’s specifications to the L¢ cal~
culated from Eq. (1) with Ly and F taken from Fig. 2 and with F; and ty, being 3.02 and
1.24 (at 160 Mc), respectively. From Fig. 2 it can be seen that the average L¢ of the
1N23D over the frequency range was 5.3 db. Since the manufacturer’s specification gives
an L¢ of 5 db at 10.0 kMc and since this value of L¢ can also be obtained at lower frequencies
under conditions of optimum mismatch, the methods utilized in the measurements are’
verified.

With the previously discussed modifications made on the TN-140/ULR, it follows
from calculations similar to those in the Appendix that the lowest practical noise figure

expected should be about 14.1 db; this assumes a practical minimum of 4 db for r-f circuitry
loss, 5.0 db for conversion loss, and 4.8 db for Fj. As evidenced in Fig. 2, the above noise

figure was approached at 3.20 and 3.60 kMc.

j*Q = (""z°n> pi 2r22Rg ) )
4 A 3 f4 cos 6‘
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NOISE FIGURE (DB}

o ! ! | 1 | |
1.0 LIO 1.20 1.30 1.40 1.50 1.60 1.70

FREQUENCY (KMC)

Fig. 6 - Noise figure of TN-139/ULR. The noise figure
of the original TN-139/ULR, using the “A” 1N21B crystal
and the modified coupler (as shown in curve I), was pro-
gressively improved by using the modified mixer with the
100-ochm adapter (II) plus replacing the original i-f pre~
amplifier with the triple-cascode i-f preamplifier (III).

| 1 | ] L | !
| -

430 470 510 5.50 590 630 670 7.0 7.50
FREQUENCY (KMC)

Fig. 7 - The r-f input VSWR of the
TN-141/ULR
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the frequency sensitive portion of transmission line between the r-f coupling loop and
local oscillator coupling contact.

INVESTIGATION OF TN-142/ULR

The investigation of the TN-142/ULR consisted mainly of modifying the mixer to
accommodate type 1IN23B crystals and comparing the merits of various 1N26 crystals
in the original mixer. The r-f input match at the antenna receptacle at the rear of this
tuning head was also analyzed with the results shown in Fig, 10. The match could be
considered adequate but room for improvement exists and every opportunity to decrease
r~f circuitry losses should be made. No attempt was made to improve the design of the
‘r-f input coaxial-line-to-cavity coupler.

20 NOISE FIGURE

NOISE FIGURE (DB)

R-F INPUT VSWR

=4
-3 z
>
5
2
o | N | I | | ! ( ! |
7.10 7.50 7.90 B.30 8.70 210 9.50 9.90 [0.30 1070 nio

FREQUENCY (KMC)

Fig. 10 - Noise figure -and r-f input VSWR of
TN-142/ULR and comparison of the average noise
figure obtained, using six W.E. 1N26 crystals({r1)
and five Sylvania 1N26 crystals (X)

In the TN-142/ULR the coaxial 1N26 silicon crystal, which was designed to operate
at 24,0 kMc, is used as the conversion element. The conversion loss of this crystal in the
frequency range of the TN-142/ULR is very difficult to define. This is mainly due to the
erratic r-f impedance fluctuations that exist in this crystal at other than the design center
frequency. Affecting this impedance is the frequency-sensitive bead of dielectric which
is a half wavelength at the design center frequency and supports the center conductor;
the impedance is also affected by the crystal and cat whisker properties and prefabrication
techniques. Obviously, as close to an optimum match as possible should be made to mini-
mize conversion loss.

The noise figure of this receiver was measured with a Western Electric 1N26 used
in the original mixer together with the original i-f preamplifier which had an F; of 9.4 db
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(Fig. 10). Attempts to improve the noise figure by varying the loop penetration of the mixer
were unsuccessful, The choice of a crystal for this receiver can be critical because of the
discontinuities mentioned above. This point is illustrated in Fig. 10 where the average noise
figures of six W. E. 1N26 crystals and five Sylvania 1N26 crystals and compared at four fre-
quencies. Although the average deviation of 2.8 db is appreciable, it should be realized that
this investigation was made to emphasize that the choice of a crystal could be important

and should not be construed as indicating that all W, E. 1N26 crystals are better than those
of Sylvania in this mixer. A statistical study should be made before the latter statement
could be verified and such a study was not attempted.

18 NAV

A coaxial-type mixer was designed which would hold the 1N23D (or 1N23B) cartridge
for this receiver in order to determine if this crystal, which was designed to operate at
9.375 kMc, would lead to a better receiver noise figure. An optimum mismatch was sought
by varying various parameters of the mixer, but with little success., A standard waveguide
mixer is used by the manufacturer to achieve the 5-db conversion loss of the 1N23D at the
above frequency. How this crystal would operate in such a mixer over the frequency range
of the TN-142/ULR is open to conjecture. A waveguide mixer could not be used in this
receiver because of the losses of the necessary coaxial-to-waveguide transition. A point
of interest is that crystals designed to operate at a frequency in the band do not seem to
yield sensitivities over the band as good as those of crystals designed for a higher fre-
quency. This situation is apparent in the TN-142/ULR, where a 1N26 is used, and also
in the other receivers, where a 1N21B designed for 3.060 kMc is used in the TN-139/ULR
and a 1N23D or 1N23B is utilized in the TN-140/ULR and TN-141/ULR. One explanation
of this phenomenon is that the mixer design was not optimized for the crystals in question.
Another explanation could be seen through r-f impedance considerations since the barrier
capacitance, which is a function of the properties of the silicon and size of the cat whisker, has
to be smaller for crystals designed at higher frequencies to obtain the maximum rectification
efficiency; therefore in a frequency range below the design frequency, the variation in r-f
impedance would be less, thereby simplifying matching problems.

The noise figure of the TN-142/ULR was checked with Sylvania crystals of the coaxial
type, 1N286 and 1N78, in the original mixer. The former is a broadband crystal which
operates from 10.0 to 22.0 kMc with a maximum VSWR of 3.0 in a standard 65-ohm wave-
guide mixer. This match is accomplished mainly by substituting an undercut bead for
constant characteristic impedance in the crystal transmission line in place of the frequency
sensitive half-wave bead section. The 1N78 crystal is designed for 16.0 kMc and has a
maximum VSWR of 3.0 over the region of 10.0 to 16.0 kMc. The investigation showed that
the noise figures obtained using these two crystals did not reach that using the W.E, 1N26.
This should be expected, since the r-f impedance of each type crystal is different. In order
to examine these crystals properly, other mixers should be designed to match their par-
ticular r-f impedance characteristics., This investigation should be attempted especially
in the case of the IN286 since the removal of the bead discontinuity could certainly decrease
the conversion loss over the frequency range. Some doubt may arise as to validity of this
approach, because it can be shown that the W.E. 1N26 used here has about the same con-
version loss as the Sylvania 1N286 at 10,0 kMc. The 1N286 has a conversion loss of 7.6 db (5)
at 10.0 kMc when measured in a 65-ohm standard mixer. A conversion loss of 7.5 db at
10.0 kMc could be calculated for the IN26 from Eq. (1) if a value of L, of 5 db is assumed
together with an Fy of 9.4 db and an F of 22 db (Fig. 10). This can be surmised as indicating
that optimum mixer design exists, but it is quite possible that the removal of the bead dis-
continuity present in the 1N26 would enhance optimum mismatching over the entire frequency
range and not cause such variations in sensitivity with different crystals as were discussed
earlier. Therefore, an investigation into the design of a mixer suitable for the 1N286 would
be well warranted. ’
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High local oscillator power levels cause excessive noise in certain portions of the
TN-142/ULR frequency range. This condition cannot be cured through attenuation since
the 2K48 klystron would not provide adequate power over the entire frequency range if
any attenuation is inserted. Since there is no terminating attenuating bushing in the local
oscillator cable, the local oscillator power is dependent on the r-f impedance of the cavities
and crystal. Therefore, if a modification in mixer design is contemplated, local oscillator
termination is a factor.

SUMMARY AND CONCLUSIONS

Optimum mixer design for a receiver is achieved when the specifications of the crystals
in use are met. If, together with the optimum mixer design, the best available i-f preampli-
fier is utilized, the minimum practical over-all noise figure is achieved with any further
improvement coming from the remaining limiting factor, r-f circuitry loss. Further
improvements in crystal characteristics and i-f preamplifier noise figure to decrease the
minimum receiver noise figure are, of course, possible; but the optimum design defined
here is derived from available crystals and i-f preamplifiers. The two low noise i-f
preamplifiers used in this investigation showed marked improvement over the original
preamplifier. The cascode preamplifier (2) had a noise figure of 7 to 7.5 db depending
upon the i-f impedance considered. The new Collins preamplifier with optimum tap adjust-
ment had a noise figure of 4.8 db in the TN-140/ULR.

The 1N21B, 1N23B, and 1N26 crystals originally used in the receivers under discussion
were all designed for single frequency operation. In this application, the problem of obtain-
ing.optimum matching over the wide frequency ranges of the individual receivers would be
considerably facilitated if the crystals used had broadband r-f impedance characteristics.
It seems from the data recorded in Fig. 2 on the TN-140/ULR that the Sylvania IN23D has
reasonably broadband characteristics in this frequency region since the conversion loss is
reasonably constant over the frequency range with the receiver noise figure being more
of a function of r-f circuitry loss. The broadband properties of the other crystals cannot
be established because of lack of data, but an attempt could be made to obtain such data
from the manufacturer.

The theoretical minimum noise figure was approached in the TN-139/ULR and the
TN-140/ULR receivers. This was accomplished by minimizing mixer losses by attaining
a high impedance local oscillator injection point through modification of the original local
oscillator decoupling circuit. This modification consisted of replacing the series resistor
by a No. 28 wire, and placing an adapter with a series resistor between the shunt element
and the reflex klystron cavity to attenuate the oscillator power to the levels required for
optimum operation. This resulted in the optimum mixer design, whereby further improve-
ment in over-all noise figure could be achieved only by decreasing r-f circuitry losses.
Some decrease in Ly was obtained in the TN-139/ULR and TN-140/ULR by redesigning
the r-f input coaxial-line-to~cavity coupler. The new couplers decreased the input mis-
match, allowed the replacement of the lossy RG-58A/U cable by RG-9A/U cable, and made
possible the removal of the r-f tuning heads from their dust covers without removing the
input r-f coupler. There is still considerable room for improvment in the input match
for these receivers, and although the matching problems are complicated by the broad
frequency ranges involved every attempt should be made to minimize the mismatch losses
further. Although no attempts were made to improve the design of the input couplers of
the TN-141/ULR and TN-142/ULR receivers, the input VSWR curves of these receivers
(Figs. 7 and 10) indicate that a more suitable input r-f coupler design is needed.
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The mixer design in the TN-141/ULR is not optimized when the same type of local
oscillator decoupling circuit innovation discussed above is used. Although this modification
results in some improvement, theoretical optimum design noise figures are not obtained,
The basic design of this mixer is faulty and it has been shown that a mixer of the type
used in the TN-130/APR-9 more nearly approaches the optimum design. Thus, the limit-
ing factor of the present TN-141/ULR design is dependent upon the combination of mixer and
r-f circuitry losses.

The selection of the proper crystal seems to he the main problem in sensitivity con-
siderations for the TN-142/ULR. Although the receiver noise figures measured utilizing
a W.E. IN26 were reasonably good at certain frequencies, inconsistency over the frequency
range and variations in different crystal models were serious drawbacks. The latter two
inadequacies seem to be the result of discontinuities in the 1N26 structure in the frequency
region of the TN-142/ULR, causing optimum r-f impedance mismatching over the range
to be extremely difficult. The broadband Sylvania 1N286 could possibly be the solution to
the problems, but since the 1N286 and 1N26 have different r-f impedance characteristics
it would be necessary to design another mixer.

RECOMMENDATIONS

1. All possible efforts should be made to decrease the mismatch at the r-f input
of all four receivers. The modified r-f input coaxial-line-to-cavity couplers designed-for
the TN-139/ULR and TN-140/ULR should replace the original couplers until more efficient
ones are designed.

2. The local oscillator series element discontinuity in the mixer should be
removed from field receivers in the TN-139/ULR, TN-140/ULR, and TN-141/ULR which
have mixers of the type discussed here. Since this innovation in the TN-139/ULR results
in the least improvement in noise figure, this is the most dispensable. The mixer modi-
fications described in this report are simple in nature; therefore they can be installed
in the field by technicans.

3. The crystal mixer design of the TN-141/ULR, serial No. 53, is inadequate.
A crystal mixer of the type used in the TN-130/APR-9 receiver should be considered if a

new design is contemplated.

4, An attempt should be made to use one of the recently designed broadband
crystals in the TN-142/ULR receiver. The Sylvania coaxial 1N286 is in this category.
A crystal mixer should be designed for optimum mismatch to the r-f impedance of this
crystal.
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APPENDIX
Optimum Receiver Design Calculations

Characteristics of the TN-140/ULR receiver at 3.0 kMc are utilized in calculating
the optimum receiver design. Some of the information incorporated in the article by Strum*
was used as a basis for these calculations. The optimum intermediate frequency is deter-
mined together with observing the effect on receiver noise figure when the frequency is
changed to 160 Mc.

Since a conversion loss of 5 db should be obtainable for the Sylvania 1N23D under
optimum mismatch conditions at 3.0 kMc, this figure was used as a practical value of L
- for optimum design calculations. The r-i circuitry loss L, is represented by 4 db. The
noise temperature factor t; of this crystal at an intermediate frequency of 30 Mc was
assumed from published specifications to be 1.7, Since the noise temperature factors
measured in standard test sets at 30 Mc are usually made approximately at matched-
image-frequency terminal conditions, Fig. 11 of Strum™ was used to transpose this figure
to open-image-frequency terminal conditions, which is believed more suitable in this
particular mixer; this gave a value for ty, of 2.3 at 30 Mec,

The optimum value of intermediate frequency together with the value of t;, and Fj at
this frequency can be determined from Fig. 13 of Strum.* Since the 6AK5 low-noise
cascode i-f preamplifier frequency characteristics are utilized in Fig. 13, the noise fig-
ure of this preamplifier will be used in the theoretical calculations. Approximately 1 db
should be added to this figure in the final analysis since the match for best F is different
than the match for best Fj. The other types of low-noise preamplifiers used in this report
will have essentially the same frequency characteristics as the 6AKb5 cascode preamplifiers
and will give approximately the same value of optimum intermediate frequency. For the
purposes of determining the practical F for the four receivers under discussion, the
‘appropriate value of F; can be inserted in the equation.

Calculations of optimum intermediate frequengy and over-all noise figure:

L, = 5.0dbor 3.16
t, = 1.7 (at 30 Mc)
t, = 2.3 (at30 Mc)

IFopt = 57 Mc
t. = 1.7 (at 57 Mc)
F, = 10log1.7+1=3.31dbor 2.14
Ly = 4dbor 2,51
F = Ly L (Fy+t_-1)
= 2,51 x3.16 (2.14 + 0.7) = 22.6 or 13.54 db

*P. D. Strum, “Some Aspects of Mixer Crystal Performance,” Proc. IRE 41:875-879
(July 1953)
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Calculations of over=-all noise figure for an intermediate frequency of 160 Mc:

5.0 db or 3.16

&
n

t = 1,7 {(at 30 Mc)
tm = 2.3 (at 30 Mc)
t, = 1.24 (at 160 Mc)
F; = 10log 3.2 +1=26.,06dbor 4.03
L, = 4dbor 2,51
F = L L, (F,i +t,-1)
= 2.51 x3.16 (4.03 + 0.24) = 33.9 or 15.31 db
For this particular receiver these calculations indicate that a reduction of 1.77 db

in F can be obtained if the intermediate frequency is reduced from 160 Mc to the optimum
value of 57 Mc.

C1op
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