Diy ladder quartz filter. Calculation of quartz filters

During the construction of the receiver for amateur communication with double conversion, it was necessary to select and see the real frequency response of the IF filter, make sure that it is within the 2.5-2.8 kHz range required for comfortable reception of SSB stations. Since I have practically no measurement equipment, I had to use an old friend based on RTL SDR.

In general, it turned out to be a matter of two minutes. The SDR receiver acts as a spectrum analyzer. In an amicable way, it was necessary to assemble a noise generator, but in the industrial zone there is no better noise generator than the ether itself. I did just that, I connected an antenna to the filter input (active full-size frame of 40 meter range), and connected the output to the converter. Due to the sufficiently high gain of the antenna amplifier, the ether played the role of a noise source, and the SDR receiver showed the real frequency response of the filter. Despite the fact that in the picture the suppression beyond the bandwidth is only 40db, the real suppression is much higher due to the fact that the noise level of the ether is still not enough to assess the dynamic characteristics, but the shape and width of the frequency response can be estimated.

By the way, about the filter ...

Simple crystal IF filter

This is the so-called. ladder filter, which uses Shirpotrebov's quartz resonators. In my case, these are resonators at 10 MHz. Due to the low price, our stores sell them in 5 pieces, this set is just enough for the receiver: 4 pieces will go to the IF filter, and another one will be used in the second local oscillator.

In my case, CS1 \u003d 33pf, Cp1, Cp2 \u003d 62pf. All quartz is 10MHz. The resulting bandwidth is 2.5-2.8 kHz, depending on what level to evaluate.

The selection of capacities was carried out with a three-section capacitor connected, 3x12-495pF. By rotating, we achieve the required width of the frequency response, while the bandwidth change in real time can be seen on the computer screen, for me it changed from 5-6 kHz to 200 Hz, while the more or less flat frequency response was within 1-3 kHz, you could choose any band. You can also easily realize band switching, for example 1.8, 2.5, 3.3kHz. Almost any quartz can be used, based on the required IF value, which may depend on the capabilities of the heterodyne, while the capacitance will have to be selected experimentally.

Simple and cheap filter for SSB
Vorontsov A. RW6HRM offers as an alternative to EMFs to use a simple and, most importantly, a cheap quartz filter circuit. The article is relevant due to the scarcity and high cost of these elements.
Recently, very often in Internet publications there are "tears" of novice radio amateurs, they say, it is difficult to get an EMF, it is expensive, a quartz filter is difficult to make, devices are needed, etc. Indeed, it is quite problematic to get a good new EMF now, which is offered on the market - this is a deep second-hand without a guarantee of normal operation, and to fuse a quartz filter even on commercially available 8.86 MHz quartz crystals without having the appropriate instrumentation, “on peephole "is impossible. At first glance, the situation is not so hot ...

However, there is an option to make a simple crystal filter for a low-frequency SSB transmitter or transceiver quite simple and, most importantly, inexpensive. It is enough to go to radio stores and see on sale "two-legged" quartz crystals for remote controls at frequencies from 450 to 960 kHz. These parts are made with sufficiently large tolerances for the generated frequencies, which gives us the right to choose both the intermediate frequency used and the bandwidth of the filter being made. I'll make a reservation right away: the idea is not mine, it was previously tested by the Swedish radio amateur HARRY LYTHALL, SM0VPO, and I just inform you about it (having previously made several filters for myself).

So, what we need to select quartz is a simple three-point generator and a frequency counter or a radio receiver with a frequency counter that covers the amateur range of 160 meters. From a bunch of quartz crystals, we need to select two with a spacing of the generated frequencies of 1 - 1.5 kHz. If we use quartz crystals at a frequency of 455 kHz, then it is most convenient to tune to their fourth harmonic (about 1820 kHz, achieving a separation of 4 - 4.5 kHz), and if 960 kHz, then to the second (1920 kHz, a separation of 2 - 2, 5 kHz).

The CL1 circuit in this example is the load of the previous IF amplifier stage, this is a standard 455 kHz circuit from any foreign AM-receiver. You can also use data from amateur radio literature for DIY loops at 465 kHz, reducing the number of turns by 5%. The dots indicate the beginning of the communication coils L2 and L3, 10 - 20 turns are enough for them. It is quite possible to put a filter right after the mixer, for example, a ring on four diodes. In this case, a 1: 1: 1 transformer will already be obtained, which can be performed on an F600 ring with an outer diameter of 10 - 12 mm, the number of turns of a twisted triple wire PEL-0.1 - 10 - 30. Capacitor C in the case of a transformer, of course, is not needed. If the second stage of the IF amplifier is made on a transistor, then a 10 kOhm resistor can be used in the current-setting base circuit, then a 0.1 μF separating capacitor is not needed. And if this filter is used in a simple radio circuit, then the resistor can be eliminated.

Now, from the remaining pile of quartz crystals, we need to choose a suitable one for the reference oscillator. If we select quartz at 455 kHz to the ratings indicated in the diagram, then at the output of the filter we will get the lower sideband, if at 454 kHz - the upper one. If there are no more quartz crystals left, then it is quite possible to assemble a reference oscillator according to the capacitive three-point circuit and, by selecting its frequency, adjust the resulting filter. In this case, the generator must be made with increased measures in terms of its thermal stability.

Tuning can be done even by ear, by radio carriers, but we will leave this pleasure for more or less experienced "musicians". It would be nice to have a sound generator and an oscilloscope for tuning. We send a signal from a sound generator with a frequency of 3 - 3.3 kHz to a microphone amplifier (assume that the filter is already in the transmitter circuit), connect the oscilloscope to the filter output and shift the frequency of the reference generator until the output level of the signal after the filter decreases minimally ... Next, we check the lower limit of the filter's transmission by feeding a frequency of 300 Hz to the microphone input from the sound generator. By the way, to increase the lower limit of the passband of the microphone amplifier in terms of audio frequencies, it is enough to install transition capacitors with a capacity of about 6800 pF or less, and for the upper limit, in any case, it would be good to install at least a single-link low-pass filter.

That's all. As you can see, you will not incur large costs in the manufacture of this filter, and the signal will turn out to be quite presentable. Of course, due to its simplicity, it is no longer desirable to use it in transmitters of the second category, but for 1.8 - 7 MHz it will be more than enough. According to the measurement results, this classical design completely coincides with that described in the reference books (for example, the Handbook of the shortwave Bunin and Yaylenko) - the lower part of the characteristic is somewhat tightened. The attenuation in the passband is about 1 - 2 dB, it depends on the quality of the applied resonators. But if you find an even cheaper way to go on the air from SSB (other than phase) - please inform

Improving the frequency response of the "Leningrad" quartz filter
S. Popov RA6CS
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Often in articles you come across the phrase: "A quartz filter is easier to tune using characteristic curves (for example, X1-38, X-1-48, SK-4-59, etc.). Of course, if they exist, then filter tuning is simple. if you have an appropriate device, and even instructions for it. Otherwise, the word “just” will quickly turn into its opposite “difficult.” Therefore, this article focuses on tuning a quartz filter using the simplest devices.

Some articles omit information about the type of filter being tuned (ladder, bridge, monolithic), describing general rules settings. However, I came to the conclusion that each of them, along with the general ones, also has its own characteristics.

Let's start by setting up a ladder filter (Figure 1).

Experience shows that:

The filter is obtained with the best parameters if all crystals have the closest possible serial resonance frequencies (± 10 Hz). However, do not be upset if this condition is not feasible, because a good filter is obtained even with a frequency separation of up to 1 kHz;

It is best to select crystals by including them in the reference oscillator of the device in which this filter is supposed to operate, and the lowest frequency of them is used directly in the reference oscillator. In this case, the generator trimmers should not be touched;

The filter should be configured directly as part of the "native" device;

If quartz crystals have unequal frequencies, they should be placed in the following sequence: set the highest frequency at the input first, and all subsequent ones alternately from left to right, in rank, with decreasing frequency;

Containers should be used small, with a minimum temperature coefficient of capacity (TKE) with an accuracy of at least ± 1.5%. But do not despair if there are none, because in the process of setting them you still have to select them. In most cases, during the tuning process, up to 90% of the containers are replaced with other (albeit close) denominations;

It is better to use filter quartz crystals (taken, for example, from disassembled factory filters).

So, from four filters at a frequency of 10.7 MHz (of the FP2P-325-10700M-15 type), you can assemble four eight-crystal ladder filters (these filters have four pairs of quartz crystals with the same frequencies) with different, but close to 10.7 MHz frequencies. This is usually done by several radio amateurs (usually 4 people), each having one filter. The most experienced of them selects four sets of quartz of the same frequency, then quartz with a minimum. leaves it scattered, and gives the rest back to friends (or vice versa ?!). With somewhat less success, oscillator crystals can also be used.

At home, a quartz filter can be adjusted in three ways.

In the first case, you should use (besides the tuned device) as an auxiliary device another transceiver with a digital scale, in the second case - GSS (standard signal generator) and a frequency counter (with a cutoff frequency that exceeds at least the lowest frequency of your tuned device, for example 1.9 MHz). The frequency meter measures either the frequency of the GSS or the frequency of the GPA of the investigated apparatus.

In the third case, a quartz local oscillator is used for one of the operating frequencies (either GSS or another transceiver without a digital scale), and the presence of a digital scale in the tuned device is mandatory.

In all three cases, the RF signal of the working range is fed to the input of the tuned device. In the first two cases, the applied frequency is slowly changed in the transparency band of the quartz filter, while taking the readings of the S-meter in relative units, and every 200 Hz they are recorded in the table. Then, according to the table, graphs (frequency response) are built. The S-meter readings are plotted vertically, and the frequency is laid horizontally. By connecting the points marked on the graph with an interpolation (averaging) line, the frequency response is obtained - the amplitude-frequency characteristic of the newly made filter.

In the third case, everything is done in the same way, only the tuned device itself is rebuilt in frequency, taking readings directly from its digital scale and S-meter at the same time.

In this case, the "newly made" filter, as a rule, has:

A different lane than required;

Unevenness in the upper part of the frequency response;

Smooth (and sometimes with surges) lower frequency response slope.

In the future, the filter is adjusted in the three above-mentioned directions in order of priority.

At the first stage of tuning (coarse tuning), you should obtain the filter passband up to 2.4 kHz by alternately replacing the capacitors, starting from the filter input, and removing the frequency response. In doing so, keep in mind the following:

If additional capacitors are installed in parallel to the quartz (especially the extreme ones) and their value increased (up to a certain limit), then the bandwidth of the filter will decrease. A similar effect will be observed with an increase in the capacitance of the capacitors going to the case. With a decrease in the values \u200b\u200bof these capacities, the opposite effect will be observed. This property is used to narrow the passband of a quartz filter in CW mode. Thus, the bandwidth can be reduced to 0.8 kHz. With further narrowing of the band, the attenuation of the filter in the transparency band sharply increases (to obtain a low attenuation in the CW filter, one should use resonators with a Q factor at least an order of magnitude higher than the Q factor of the filter);

The magnitude of the "humps" and dips in the upper part of the frequency response (linearity of the characteristic) will depend not only on the size of the selected capacitances, but also on the value of the resistance of the load resistors installed at the input and output of the filter. With a decrease in their resistance, the linearity of the characteristic improves, but the attenuation in the filter passband increases;

If it is impossible to obtain a sufficient steepness of the lower slope, you should install quartz crystals similar to those used in the filter in parallel with the load resistors, while of all the available quartz crystals, you should choose the lowest frequency one or lower its frequency by connecting inductance in series. By selecting the number of turns of this inductance, you can change the slope of the lower slope;

The filter setting must be repeated several times. If at the last stage of tuning it is not possible to obtain an acceptable frequency response, it is necessary to try to adjust the frequency of the serial resonance of individual crystals. For this, a capacitor is installed in series with the quartz, and by selecting this capacitor, they achieve generation at the frequency of the remaining quartz. If this does not help (and this can be with a small separation between the frequencies of parallel and series resonances of quartz), you should replace the quartz. Quartz crystals in the filter should be placed in a chain, carefully screening the input from the output. Figure 2 shows the frequency response of the KF receiver "TURBO-TEST", taken at different meanings capacitors capacitors. -
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Fig.2- For greater clarity, the frequency values \u200b\u200bare taken without observing the received sideband and the actual IF value. Figure 3 shows the frequency response of the final filter setting. -
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Fig. 3

Now several practical advice for tuning a bridge crystal filter. Such a filter is shown in Fig. 4. Coils L1 and L2 contain 2x10 turns of wire with a diameter of 0.31 mm, ferrite rings from the FP2A-325-10,700 M-15 filter are used as cores. The filter bandwidth is 2.6 kHz.

If you have a filter for low frequencies (2 ... 6 MHz), it usually turns out to be narrower than required, and if the filter for high frequencies (8 ... 10 MHz) is too wideband. In the first case, the bandwidth should be expanded by connecting to the upper or to the lower (Fig. 4) quartz inductors, which should be selected experimentally. In the second case, in order to reduce the bandwidth, it is necessary to connect trimming capacitors in parallel to the resonators (similar to coils). The quartz crystals in the filter must be selected with an accuracy of 50 Hz (serial resonance frequency), and the frequencies of all upper resonators must be the same and differ from the lower ones (also the same) by 2 ... 3 kHz.

If only quartz crystals of the same frequency are available, you can change the frequency of the quartz crystals by erasing the silvered layer from the crystal (increase the frequency) or by shading with a pencil (lower). But practice shows that the stability of the parameters of such a filter over time leaves much to be desired.

More stable results are obtained by tuning the frequency by connecting a tuning capacitor in series with quartz. After tuning, it is advisable to replace the capacitor with a constant capacitance of the same value.

With a large bandwidth of the filter, a dip (attenuation) may appear in the middle of its frequency response. It should be said that its depth largely depends on the resistance of resistors R1 and R2. Their value can be from hundreds of Ohms (with a bandwidth of 3 kHz) at frequencies of 8 ... 10 MHz to several kilo-ohms at lower frequencies and with a smaller filter bandwidth. When manufacturing a bridge filter, great attention should be paid to the symmetry of its shoulders, as well as the windings of the transformers included in it, and, of course, careful shielding of the input from the output. You can read more about bridge filters in.
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Read and write useful

When implementing frequency filters, it is necessary to take into account the peculiarities of their application. Earlier, we have already considered that active filters (most often) are conveniently used for implementing relatively low-pass filters. It is convenient to use in the frequency range from hundreds of kilohertz to hundreds of megahertz. These filter implementations are quite convenient to manufacture and in some cases can be tuned in frequency. However, they have low parameter stability.

The resistance value of the resistors in the filter is not constant. It changes with temperature, humidity or aging of the elements. The same can be said about the value of the capacitance of the capacitor. As a result, the tuning frequencies of the filter poles and their Q-factors change. If there are zeros of the filter gain, then their tuning frequencies also change. As a result of these changes, the filter changes its own. Such a filter is said to "fall apart"

A similar situation occurs with passive LC filters. True, in LC filters, the dependence of the pole or zero frequency is less dependent on the value of the inductance and capacitance. This dependence is proportional to the square root in contrast to the linear dependence in RC circuits. Therefore, LC circuits are more stable (approximately 10 −3).

With the application of some measures (such as the use of capacitors with positive and negative TKE, thermal stabilization), the stability of the parameters of the described filters can be improved by an order of magnitude. Nevertheless, when creating modern equipment, this is not enough. Therefore, since the 40s of the XX century, more stable solutions have been sought.

In the course of research it was found out that mechanical vibrations, especially in vacuum, have less losses. Filters on musical tuning forks and strings were developed. Mechanical vibrations were excited and then removed by inductors using a magnetic field. However, these designs turned out to be expensive and cumbersome.

Then the transformation electrical energy mechanical vibrations began to be done using magnetostrictive and piezo effects. This made it possible to reduce the size and cost of the filters. As a result of the research, it was found that the plates of quartz crystals have the highest stability of the vibration frequency. In addition, they have a piezo effect. As a result, quartz filters are by far the most common type of high quality filter. The internal design and appearance of a quartz resonator are shown in Figure 1.
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Figure 1. Internal structure and appearance quartz resonator

Single crystal resonators are rarely used in crystal filters. This solution is usually used by radio amateurs. Currently, it is much more profitable to buy a ready-made quartz filter. Moreover, the market usually offers filters for the most common intermediate frequencies. Quartz filter manufacturers use a different solution to reduce the size. Two pairs of electrodes are deposited on one quartz plate, which form two resonators, acoustically connected to each other. The external view of a quartz plate with a similar design and a drawing of the case where it is placed is shown in Figure 2.
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Figure 2. External view of a quartz plate with two resonators, housing drawing and external view of a quartz filter
This solution is called quartz two. The simplest quartz filter consists of one double. Its conventional graphic designation is shown in Figure 3.
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Figure 3. Conventional graphic designation of quartz two

The quartz crystal is electrically equivalent to the two coupled bandpass filter circuit shown in Figure 4.
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Figure 4. Dual-circuit filter circuit equivalent to a quartz crystal

The difference lies in the achievable Q-factor of the circuits, and, therefore, in the filter passband. The gain is especially noticeable at high frequencies (tens of megahertz). Quartz filters of the fourth order are made on two twos, connected by a capacitor. The input and output of these twos are no longer equivalent, therefore it is indicated by a dot. The diagram of this filter is shown in Figure 5.

[image: image13.png]Cl‘ . (‘2\ . (]u




Figure 5. Fourth order crystal filter circuit

Filters L1C1 and L2C3, as usual, are designed to transform the input and output resistance and bring them to a standard value. Quartz filters of the eighth order are built in the same way. For their implementation, four quartz twins are used, but unlike the previous version, the filter is made in one case. Schematic diagram a similar filter is shown in Figure 6.
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Figure 6. Schematic diagram of an eighth order crystal filter
The internal structure of the eighth order quartz filter can be examined from the photograph of the filter with the cover removed, which is shown in Figure 7.
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Figure 7. Internal structure of an eighth order quartz filter

The photograph clearly shows four quartz twins and three surface mount capacitors (SMD). This design is used in all modern filters, both penetrating and surface mounting. It is used by both domestic and foreign manufacturers of quartz filters. Domestic manufacturers include OJSC "Morion", LLC NPP "Meteor-Kurs" or the Piezo group of enterprises. Some of the foreign manufacturers of quartz filters are listed in the list of references. It should be noted that the design shown in Figure 7 is easily implemented in surface mount (SMD) packages.

As we can see, now there is no problem to buy a ready-made quartz filter with minimum dimensions and at a reasonable price. They can be used to design high quality receivers, transceiver transmitters, or other types of radio equipment. In order to make it easier to navigate the types of quartz filters offered on the market, we present a graph of typical dependences of the amplitude-frequency characteristic on the number of resonators (poles) given by SHENZHEN CRYSTAL TECHNOLOGY INDUSTRIAL
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Figure 8. Typical form of frequency response of a quartz filter, depending on the number of poles
Literature:
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A QUARTZ FILTER IS, AS YOU KNOW, “HALF A GOOD TRANSCEIVER”. IN THE PROPOSED ARTICLE, A PRACTICAL DESIGN OF TWELVE CRYSTAL QUARTZ FILTERS OF THE MAIN SELECTION FOR A HIGH-QUALITY TRANSCEIVER AND SET-TOP BOX TO A COMPUTER IS GIVEN, ALLOWING YOU TO CONFIGURE THIS AND ANY OTHER NARROW-BAND FILTERS. IN AMATEUR DESIGNS, QUARTZ EIGHT CRYSTAL LADDER FILTERS, MADE ON THE SAME RESONATORS, HAVE RECENTLY BEEN USED AS THE MAIN SELECTION FILTER. THESE FILTERS ARE RELATIVELY EASY TO MANUFACTURE AND DO NOT REQUIRE LARGE MATERIAL COSTS.

COMPUTER PROGRAMS HAVE BEEN WRITTEN TO CALCULATE AND SIMULATE THEM. THE CHARACTERISTICS OF THE FILTERS FULLY SATISFY THE REQUIREMENTS FOR HIGH-QUALITY SIGNAL RECEPTION AND TRANSMISSION. HOWEVER, WITH ALL THE ADVANTAGES, THESE FILTERS ALSO HAVE A SIGNIFICANT DRAWBACK - SOME ASYMMETRY OF THE FREQUENCY RESPONSE (GENTLE LOW-FREQUENCY SLOPE) AND, ACCORDINGLY, A LOW SQUARENESS COEFFICIENT.

THE WORKLOAD OF THE RADIO AMATEUR AIR DETERMINES RATHER STRINGENT REQUIREMENTS FOR THE SELECTIVITY OF A MODERN TRANSCEIVER ON THE ADJACENT CHANNEL, THEREFORE THE MAIN SELECTION FILTER MUST PROVIDE AN ATTENUATION OUTSIDE THE PASSBAND OF AT LEAST 100 DB WITH A SQUARENESS FACTOR OF 1.5 ... 1.8 (AT LEVELS -6 / -90 DB ).

NATURALLY, LOSSES AND FREQUENCY RESPONSE UNEVENNESS IN THE FILTER PASSBAND SHOULD BE MINIMAL. GUIDED BY THE RECOMMENDATIONS OUTLINED IN, TEN CRYSTAL LADDER FILTER WITH A CHEBYSHEV CHARACTERISTIC WITH A FREQUENCY RESPONSE UNEVENNESS OF 0.28 DB WAS CHOSEN AS A BASIS.

TO INCREASE THE SLOPE OF THE SLOPES IN PARALLEL TO THE INPUT AND OUTPUT OF THE FILTER, ADDITIONAL CIRCUITS WERE INTRODUCED, CONSISTING OF SERIES-CONNECTED QUARTZ RESONATORS AND CAPACITORS.

THE CALCULATIONS OF THE PARAMETERS OF THE RESONATORS AND THE FILTER WERE CARRIED OUT ACCORDING TO THE TECHNIQUE DESCRIBED IN. FOR THE PASSBAND OF THE 2.65 KHZ FILTER, THE INITIAL VALUES \U200B\U200BWERE OBTAINED C1.2 \U003D 82.2 PF, LKV \U003D 0.0185 H, RN \U003D 224 OHM. THE FILTER CIRCUIT AND THE CALCULATED VALUES \U200B\U200BOF THE CAPACITOR RATINGS ARE SHOWN IN FIG. 1.

The design uses quartz resonators for television PAL decoders at a frequency of 8.867 MHz, manufactured by VNIISIMS (Aleksandrov, Vladimir region). Stable repeatability of crystal parameters, their small size and low cost played their role in the choice.

The selection of the frequency of quartz resonators for ZQ2-ZQ11 was carried out with an accuracy of ± 50 Hz. The measurements were carried out using a homemade oscillator and an industrial frequency meter. The resonators ZQ1 and ZQ12 for parallel circuits are selected from other lots of crystals with frequencies, respectively, below and above the main filter frequency by about 1 kHz.
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The filter is assembled on a printed circuit board made of double-sided foil-clad fiberglass 1 mm thick (Fig. 2).

The top metallization layer is used as a common wire. The holes on the side of the resonator installation are countersunk. The housings of all quartz resonators are connected to a common wire by soldering.

Before installing the parts, the filter PCB is sealed in a tinned sheet box with two removable covers. Also, from the side of the printed conductors, a screen-partition is soldered, passing between the leads of the resonators along the central axial line of the board.
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In fig. 3 shows the wiring diagram of the filter. All capacitors in the filter are KD and KM.

After the filter was made, the question arose: how to measure its frequency response at maximum resolution at home?

A home computer was used, followed by verification of the measurement results by constructing the frequency response of the filter by points using a selective microvoltmeter. As a designer of radio amateur equipment, I was very interested in the idea, proposed by DG2XK, to use a computer program of a low-frequency (20 Hz ... 22 kHz) spectrum analyzer to measure the frequency response of narrow-band amateur radio filters.

Its essence lies in the fact that the high-frequency spectrum of the frequency response of a quartz filter using a conventional SSB detector is transferred to the low frequency range and a computer with installed program The spectrum analyzer makes it possible to see the frequency response of this filter on the display.

The DG2XK uses a zener diode noise generator as the source of the DG2XK's high-frequency signal. My experiments have shown that such a signal source allows you to view the frequency response to a level of no more than - 40 dB, which is clearly not enough for a high-quality filter setting. In order to view the frequency response of the filter at a level of -100 dB, the generator must have

the side noise level is below the specified value, and the detector has good linearity with the maximum dynamic range not worse than 90 ... 100 dB.
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For this reason, the noise generator has been replaced with a traditional swept frequency generator (Fig. 4). It is based on a crystal oscillator circuit, in which the relative spectral power density of the noise is -165 dB / Hz. This means that the noise power of the generator at 10 kHz detuning in a 3 kHz bandwidth

less power of the main oscillation of the generator by 135 dB!

The scheme of the original source has been slightly modified. So, instead of bipolar transistors, field-effect transistors are used, and a circuit consisting of an inductor L1 and varicaps VD2-VD5 is connected in series with a quartz resonator ZQ1. The generator frequency is tuned relative to the quartz frequency within 5 kHz, which is quite enough for measuring the frequency response of a narrow-band filter.

The crystal resonator in the generator is similar to the filter one. In the oscillating frequency generator mode, the control voltage to the VD2-VD5 varicaps is supplied from a sawtooth voltage generator made on a single-junction transistor VT2 with a current generator on VT1.

For manual tuning of the generator frequency, a multi-turn resistor R11 is used. The DA1 microcircuit works as a voltage amplifier. The originally conceived sinusoidal control voltage had to be abandoned due to the uneven passage speed of the GKCH of different sections of the frequency response of the filter, and in order to achieve maximum resolution, the generator frequency was reduced to 0.3 Hz. Switch SA1 selects the frequency of the "saw" generator - 10 or 0.3 Hz. The frequency deviation of the GKCH is set by the trimmer R10.
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The schematic diagram of the detector unit is shown in Fig. 5. The signal from the output of the crystal filter is applied to input X2 if the L1C1C2 circuit is used as a filter load.

If measurements are carried out on filters loaded with resistance, this loop is not needed. Then the signal from the load resistor is applied to input X1, and the conductor connecting the input X1 to the circuit is removed on the detector's printed circuit board.

A source follower with a dynamic range of more than 90 dB on a powerful field-effect transistor VT1 matches the filter load resistance and the mixer input resistance. The detector is made according to the scheme of a passive balanced mixer on field-effect transistors VT2, VT3 and has a dynamic range of over 93 dB.

Antiphase sinusoidal voltages with a level of 3 ... 4V (eff) from the reference generator are fed to the combined gates of the transistors through the P-circuits C17L2C20 and C19L3C21. In the reference generator of the detector, made on the DD1 microcircuit, a quartz resonator with a frequency of 8.862 MHz is installed.

The low-frequency signal formed at the mixer output is amplified by about 20 times by an amplifier on the DA1 microcircuit. Since sound cards of personal computers have a relatively low-impedance input, a powerful K157UD1 op-amp is installed in the detector. Amplifier frequency response is adjusted so that below 1 kHz and above 20 kHz there is a gain drop of approximately -6 dB per octave.
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The oscillating frequency generator is mounted on a printed circuit board made of double-sided foil-clad fiberglass (Fig. 6). The top layer of the board serves as a common wire, the holes for the leads of parts that do not have contact with it are countersunk.

The board is sealed in a 40 mm box with two removable covers. The box is made of tinned sheet. Inductors L1, L2, L3 are wound on standard frames with a diameter of 6.5 mm with carbonyl iron trimmers and placed in screens. L1 contains 40 turns of wire PEV-2 0.21, L3 and L2 - respectively 27 and 2 + 4 turns of wire PELSHO-0.31.

Coil L2 is wound over L3 towards the “cold” end. All chokes are standard - DM 0.1 68 μH. Fixed resistors MLT, trimmer R6, R8 and R10 type SPZ-38. Multi-turn resistor - PPML. Permanent capacitors - KM, KLS, KT, oxide - K50-35, K53-1.

The adjustment of the GKCH begins with setting the maximum signal at the output of the sawtooth voltage generator. Controlling the signal at pin 6 of the DA1 microcircuit with the oscilloscope, the trimming resistors R8 (gain) and R6 (offset) set the amplitude and waveform shown on the diagram at point A. By selecting the resistor R12, stable generation is achieved without entering the signal limiting mode.

By selecting the capacitance of the capacitor C14 and adjusting the L2L3 circuit, the output oscillatory system is tuned to resonance, which guarantees a good load capacity of the generator. The L1 coil trimmer sets the oscillator tuning limits within 8.8586-8.8686 MHz, which with a margin overlaps the frequency response band of the tested crystal filter. To ensure maximum restructuring of the GKCH

(at least 10 kHz) around the junction point L1, VD4, VD5, the top layer of foil is removed. Without load, the output sinusoidal voltage of the generator is 1V (eff).
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The detector unit is made on a printed circuit board made of double-sided foil-clad fiberglass (Fig. 7).

The top foil layer is used as a common wire. The holes for the leads of the parts that do not have contact with the common wire are countersinked.

The board is sealed in a 35 mm high tin box with removable covers. Its resolution depends on the quality of the prefix manufacturing.

Coils L1 -L4 each contain 32 turns of wire PEV-0.21, wound one turn to one turn on frames with a diameter of 6 mm. Trimmers in coils from armored cores SB-12a. All chokes are type DM-0.1. Inductance L5 - 16 μH, L6, L8 - 68 μH, L7 - 40 μH. Transformer T1 is wound on a ring ferrite magnetic core 1000NN of standard size K10 x 6 x 3 mm and contains 7 turns in the primary winding, and 2 x 13 turns of PEV-0.31 wire in the secondary.

All trimming resistors are SDR-38. During the preliminary setup of the unit with a high-frequency oscilloscope, the sinusoidal signal at the gates of the transistors VT2, VT3 is monitored and, if necessary, the coils L2, L3 are adjusted. The L4 coil trimmer lowers the frequency of the reference oscillator below the filter bandwidth by 5 kHz. This is done so that there is less interference in the working area of \u200b\u200bthe spectrum analyzer that reduces the resolution of the device.
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The oscillating frequency generator is connected to a quartz filter through a matching oscillatory circuit with a capacitive divider (Fig. 8).

During the tuning process, this will allow obtaining low attenuation and unevenness in the filter passband.

The second matching oscillatory circuit, as already mentioned, is located in the detector attachment. After assembling the measurement circuit and connecting the output of the set-top box (X3 connector) to the microphone or line input of the sound card of a personal computer, we launch the spectrum analyzer program. There are several such programs. The author used the SpectraLab v.4.32.16 program located at: http://cityradio.narod.ru/utilities.html. The program is easy to use and has great capabilities.

So, we launch the “SpektroLab” program and, adjusting the frequencies of the GKCH (in manual control mode) and the reference oscillator in the detector attachment, set the peak of the GKCH spectrogram at 5 kHz. Further, balancing the mixer of the detector attachment, the peak of the second harmonic is reduced to the noise level. After that, the GKCH mode is turned on and the long-awaited frequency response of the filter under test appears on the monitor. First, the swing frequency of 10 Hz is switched on and, by adjusting the center frequency with R11, and then the swing band R10 (Fig. 4), we set an acceptable "picture" of the filter's frequency response in real time. During measurements, adjusting the matching loops, achieve the minimum unevenness in the passband.
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Further, to achieve the maximum resolution of the device, we turn on the swing frequency of 0.3 Hz and set in the program the maximum possible number of Fourier transform points (FFT, by the author 4096 ... 8192) and the minimum value of the averaging parameter (Averaging, by the author 1).

Since the characteristic is drawn in several passes of the GKCH, the mode of the memorizing peak voltmeter (Hold) is turned on. As a result, on the monitor we get the frequency response of the filter under study.

With the help of the mouse cursor, we obtain the necessary digital values \u200b\u200bof the obtained frequency response at the required levels. In this case, one must not forget to measure the frequency of the reference generator in the detector attachment in order to obtain the true values \u200b\u200bof the frequencies of the frequency response points later.

After evaluating the initial "picture", the frequencies of the serial resonance ZQ1n ZQ12 are adjusted, respectively, to the lower and upper slopes of the frequency response of the filter, achieving the maximum squareness at the level of - 90 dB.

In conclusion, using a printer, we obtain a full-weight “document” for the manufactured filter. As an example, Fig. 9 shows the spectrogram of the frequency response of this filter. There is also a spectrogram of the GKCH signal. The visible unevenness of the left slope of the frequency response at the level of -3 ...- 5 dB is eliminated by rearranging the quartz resonators ZQ2-ZQ11.
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As a result, we obtain the following filter characteristics: passband at the level - 6 dB - 2.586 kHz, uneven frequency response in the passband - less than 2 dB, squareness factor at levels - 6 / -60 dB - 1.41; by levels - 6 / -80 dB 1.59 and by levels - 6 / -90 dB - 1.67; attenuation in the band - less than 3 dB, and behind the band - more than 90 dB.

The author decided to check the results obtained and measured the frequency response of the quartz filter point by point. For measurements, a selective microvoltmeter with a good attenuator was required, which served as a microvoltmeter of the HMV-4 type (Poland) with a nominal sensitivity of 0.5 μV (at the same time, it captures signals well with a level of 0.05 μV) and an attenuator of 100 dB.

For this variant of measurements, the circuit shown in Fig. 10. The matching circuits at the input and output of the filter are carefully screened. The connecting shielded wires are of good quality. The earth circuits are also carefully executed.
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By smoothly changing the frequency of the GKCH with the resistor R11 and switching the attenuator by 10 dB, we take the readings of the microvoltmeter, passing through the entire frequency response of the filter. Using the measurement data and the same scale, we build a frequency response graph (Fig. 11).

Due to the high sensitivity of the microvoltmeter and low side noise of the GKCH, signals are well recorded at a level of -120 dB, which is clearly reflected in the graph.

The measurement results were as follows: bandwidth at the level - 6 dB - 2.64 kHz; uneven frequency response - less than 2 dB; the squareness coefficient at the levels of -6 / -60 dB is 1.386; by levels - 6 / -80 dB - 1.56; by levels - 6 / -90 dB - 1.682; by levels - 6 / -100 dB - 1.864; attenuation in the band - less than 3 dB, behind the band - more than 100 dB.

Some differences in the measurement results from the computer version are explained by the accumulation of digital-to-analog conversion errors when the analyzed signal changes in a large dynamic range.

It should be noted that the above graphs of the frequency response of the quartz filter were obtained with a minimum amount of tuning work and with a more careful selection of components, the filter characteristics can be significantly improved.

The proposed generator circuit can be successfully used to operate the AGC and detectors. Having supplied the signal of the sweeping frequency generator to the detector, at the output of the set-top box to the PC, we receive the signal of the low-frequency sweeping frequency generator, with which you can easily and quickly adjust any filter and cascade of the low-frequency path of the transceiver.

It is no less interesting to use the proposed detector attachment as part of the panoramic display of the transceiver. To do this, connect a quartz filter with a bandwidth of 8 ... 10 kHz to the output of the first mixer. Then amplify the received signal and apply it to the detector input. In this case, you can observe the signals of your correspondents with levels from 5 to 9 points with good resolution.

G. Bragin (RZ4HK)
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