Функциональный генератор на MAX038
Важно: Проверка поддельных MAX038 с Али.

https://radiokot.ru/forum/viewtopic.php?f=10&t=128424&p=3945042#p3945042

Yuriy_King писал(а):
ВикторС писал(а):

Я заказал на Али.
Приедет. Затестим. 

Прежде чем тестировать прозвоните выводы 16,17 с 20 на "отсутствие" диода, которого там не должно быть.
Мой "горький" опыт, два корпуса звонились одинаково. Вывод:либо брак, либо другое расположение выводов...

MAX038-Based Sweep/Function Generator With Markers

using Maxim MAX038 and Atmel ATiny2313 or AT90S1200A

http://www.cappels.org/dproj/functsweep/functionswp.html 
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Take Maxim's MAX038 function generator chip, add some frills, and you have a pretty nice tool for the bench.


Downloads:
Main Circuit Schematic
Power Supply Schematic
You can build this with switches instead of buttons if you don't want to use a micro controller. Here is the controller code.
AVRStudio 4.x Assembler Source for AT90S1200A  fsgen050527A.asm
AVRStudio 4.x hex file for AT90S1200A   fsgen050527A.hex
AVRStudio 4.x Assembler Source for ATtiny2313  fsgen13050527A .asm

Related project: A DC to 20 MHz Coax Driver Using Discreet Transistors


Introduction
Maxim's MAX038 function generator chip is capable of producing nearly constant amplitude sine, square, and triangle waves with a low output impedance, from a very low frequency to more than 20 MHz. Basically, a function generator on a chip. Here is a function/sweep generator that uses the MAX038 chip. The design described on these pages are not so much instructions for duplicating the design as they are a collection of ideas to stimulate your own thoughts.

Operation requires an oscilloscope at a minimum to set it up, and a frequency meter is also a good idea. The waveform can be selected by repetitively pressing the "Waveform" button until the one you want comes out.  The amplitude can be adjusted by with the variable attenuator pot, or by using the switchable attenuators. The DC offset on the output can be adjusted with the offset pot. The DC offset is not affected by the attenuators.
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Scope Photo: Sweeping a 455kHz ceramic filter.
FLOW= 413 kHz, FHIGH = 512 kHz.

To set up the generator to sweep a given frequency range, first select the band that covers the frequency of interest. Press the FLOW button and then adjust the FLOW pot to set the lowest frequency in the sweep range, for example 400 kHz. Then press the FHIGH button and adjust the FHIGH pot to the highest frequency in the sweep range, for example. 500 kHz. Then press the SWEEP button and the output signal will repetitively sweep from frequency set with the FLOW up to the  frequency set with FHIGH pot, in this case, from 400 kHz to 500 kHz, then the frequency will rapidly return to the FLOW. The large envelope in the middle of the waveform in the photograph above shows the bandpass of a 455 kHz ceramic filter, The two smaller envelopes at the sides correspond to when the generator rapidly sweeps through that frequency again as it returns the MAX038 to FLOW in preparation for another sweep. FLOW must be set to a frequency lower than that to which FHIGH is set in order for the circuit to sweep.

From the preceding, you should see that the generator can be operated at a constant frequency using either the FLOW or FHIGH pots, and that you can use them as presets and use their associated buttons to switch between two frequencies within the same band.


Scope Photo: Sweeping from 1 MHz to 20 MHz.
Top trace is signal out with marker on. Bottom
trace is external marker output. Wide blanking pulse
shows "retrace" period. Marker is set to 10 MHz.

The marker system is composed of one maker circuit, and two marker position pots. The pots can be enabled  one at a time by pressing the button  next to the desired pot. The marker circuit makes a fixed width pulse centered on the frequency to which it is set. There are two ways to see the pulse. One is to press the  Marker On/OFF Toggle Button to cause the marker to attenuate the output waveform during the marker pulse. The upper trace in the photograph above shows the waveform output of the generator when set to sweep a sine wave from 1 Mhz to 20 MHz.  Marker 2 is set to 10 MHz and enabled, which causes the narrow notch in the sweep waveform.  The wider notches are indications of the time when the saw tooth generator that sweeps the MAX038 retraces from the FHIGH back to FLOW. A pulse from the  Marker Pulse connector is shown on the lower trace. Since there may be notches and peaks in the waveform, especially when measuring the response of a filter or other circuit, sometimes the notch in the waveform is adequate to see the marker, and sometimes, its necessary to use a second scope channel to see the marker clearly.

To set the frequency for Marker 1, connect the scope or frequency meter to the Waveform Output and turn the Band Switch to the band desired, press the Marker Mode Select Button to put the MAX038's frequency under the control of the marker pots. Press the  Marker 1 Frequency Set Pot, which is seen as "M1" in the photograph and is R43 in the schematic. While measuring the oscillator frequency on the Waveform Output,  adjust the Marker 1 Frequency Set Pot to the desired frequency. The frequency for Marker 2 Frequency Set Pot is set in a similar manner. 

Marker 1 Frequency Set Pot and Marker 2 Frequency Set Pot may be used for fixed frequency presets similar to the way this can be done with Low Frequency Set Pot and High Frequency Set Pot.  Marker Mode Select Button must be pressed to switch oscillator control from FLOW and FHIGH pots and the sweep function to the Marker pots.


Scope Photo: Sweeping a 10.7 MHz ceramic filter.
After setting the marker to correspond to the peak
in filter response, the marker location was measured
as 10.66 MHz.

A sort of inverse procedure can be used to measure the frequency of a feature in a swept envelope. The marker is centered on the feature you want to measure the frequency of, in the case of the photo above, the major peak in the filter response. Then the Marker Mode Select Button us pressed so that the generator puts out a continuous signal at the frequency set with the marker pot, and the frequency is measured. The measured frequency corresponds to the center of the marker pulse. 
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CLICK HERE for a short tutorial on the use of the Marker controls.
A list of the basic functions is below.
Frequency Range: 0.1 HZ to 20 MHz in six bands.
P-P Output Voltage: 900 uV to 1.7 V P-P.
DC Offset:   -1.4V to + 1.4V.
Output Impedance: 50 Ohms or 75 Ohms, switchable.
Sweep Range: Adjustable up to about   to 300:1.
Number of markers: One maker with two independent position pots.
Attenuators: Variable 0 to -12 db; switchable -3, -10, -20, and -20 db.

Here is a list of controls:
Low Frequency Set Pot
High Frequency Set Pot
Select Low Frequency Button
Select Sweep Button
Select High Frequency Button
Marker 1 Frequency Set Pot
Marker 2 Frequency Set Pot
Market 1 Select Button
Marker 2 Select Button
Marker Mode Select Button (Switches frequency control to selected marker pot.)
Marker On/OFF Toggle Button
Band Switch
Fine Frequency Control Pot
Offset Pot
Offset On/Off Switch
Symmetry Adjust Pot
Symmetry Variable/Fixed Pot
Variable Attenuator Pot
-3 db Switched Attenuator
-10 db Switched Attenuator
-20 db Switched attenuator (Two of them)
Power On/Off Switch
Waveform Change Button.

Outputs:
Sweep Start Pulse (RCA Connector)
Marker Pulse (RCA Connector)
5V P-P CMOS Out (RCA Connector)
Analog Waveform Out (BNC Connector)

The symmetry of the waveform, or duty cycle in the case of the square wave output, is variable. The performance of the generator is highly dependent upon physical layout. There is one frequency marker circuit and two selectable controls. This, in conjunction with the ability to switch the oscillator's frequency control to the selected marker pot allows accurate setting or location of the frequency marker.


Circuit Overview
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Block diagram of the sweep/marker generator. 



The Much of the circuitry is dedicated to controlling the voltage that controls the MAX038's oscillation frequency. Multiplexers allow the selection of the Low Frequency Set Pot, High Frequency Set Pot, either of the two Marker Set Pots, or when the inputs to the multiplexer are properly set, the circuit toggles between the Low Frequency Pot and High Frequency Set Pot as the MAX038 output frequency is swept between the corresponding frequencies. Since the output of the MAX038 can be set to correspond to the setting of any of these four pots, enabling the measurement of the sweep start and stop frequencies, and the frequency of either marker with an external frequency meter or oscilloscope.

A microcontroller is the interface between the buttons on the front panel and the circuitry controlled by them. There is no need to use a microcontroller as all the circuits can be controlled by electromechanical switches -I just used a controller because I prefer buttons to other kinds of switches. 
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The main board schematic diagram of the circuit, less power supply can be seen or downloaded by clicking on the button above. Image size is 1126 X 742, about 36 K Bytes. The power supply is discussed further down this page.

Simplified versions of the circuits, for the purpose of discussion, are shown below, but many aspects of the overall circuit and some blocks that are included in the main board schematic are omitted from the discussions below.

MAX038 Circuit
[image: image13.png]




Use the MAX038 data sheet as reference. The things to note on this schematic is that there is an switch to switch the symmetry control between variable and the chip's fixed symmetry setting, and that R19 and R20 convert a -3V to +3V control voltage an the VCO control current. Thus, the oscillation frequency is a pretty linear function of control voltage. The frequency control voltage is supplied by the saw tooth generator circuit, the output of which will be either a DC voltage from one of the four frequency setting pots (F Low, F High, Marker 1, Marker 2) or a saw tooth waveform.

The capacitance on the leads to the band switch, is pretty large compared to the oscillator capacitance, 10 to 15 pf in my case, so I did not put a capacitor on the band switch, but selected a capacitor to go on the circuit board next to the MAX038. The MAX038 that I used can oscillate up to 30 MHz when the weather is right, but the output of the chip starts to drop and the square and triangle waves both look like sine waves above 20 MHz anyway, so I selected a capacitor that limits oscillation frequency to about 21 MHz.

The two waveform select control inputs, A0 and A1 are driven by microcontroller PORTD, bits 2 and 3 respectively. Alternatively, you can control these inputs with two pole rotary switch set up to encode A0 and A1 according to the data sheet, or use a pair of SPST switches and a pair of pull-up resistors, or use a pair of pull-down resistors and use an ON-OFF-ON toggle switch to select  the Sine, Square, or Triangle waveform.

A wide band amplifier with a DC offset control drives the output signal through an impedance setting resistor and the BNC connector. 

Here are some measurements indicative of the flatness of the sine wave output from the Zetex ZXFY202N8 output amplifier as a function of frequency. The output amplifer circuit is not on this page, but can be seen on the main board schematic.

	200 kHz
	2 Mhz
	10 MHz
	20 MHz

	0 db
	-0.3 db
	-0.5 db
	-1.1 db




Saw tooth Generator
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This is a simplified schematic of the saw tooth generator. 
The circuit in the complete schematic has additional inputs.

The saw tooth generator's output drives the frequency control voltage input of the MAX038 circuit. Refer to the simplified circuit above. The saw tooth waveform is produced by integrator U1A. The output ramps from the low frequency set point, which is set by R6, to the high frequency set point, which is set by R3. When ramping up, the CD4051 multiplexer connects the input of comparitor U1B to the R3, the high set point. The rate at which the output of U1A changes while ramping up is determined by the 0.22 uf integration capacitor and the value of R17 in series with R18.



 When the output of the integrator reaches the high set point, the output of comparitor U1B goes high, which by way of inverting comparitor U1D, switches the CD4051 multiplexer to select the low set point. The output of comparitor U1B also drives the resistor/-diode network on the input of the integrator high. With the additional current through R15 into the integrator, the waveform ramps down to the low set point quickly, making a saw tooth.

The CD4051 that switches between the high set and low set pots also enables the MAX038 control voltage to be set by the Marker pots. See the complete schematic for these details.

The band switch has two sections. One is the frequency setting capacitor switch shown in the schematic in the MAX038 circuit section of this page. The other section switches among five sets of 1N916 diodes and resistors configures similar to R15 and R16 in the schematic above, so that the sweep rate, in terms of Hz per second varies with the frequency band. When in the highest frequency band, the one I use most frequently, the sweep/function generator sweeps from 106 kHz to 20.76 MHz in 47 milliseconds, or 439 MHz/second.  I chose this leisurely sweep rate so as to obtain the a more accurate idea of the response of narrow band pass filters than I could with faster scan rates. With a CRT based oscilloscope, this would cause some flicker, but I use this with a band pass storage scope, and therefore don't see any flicker. To use this with a CRT based oscilloscope, reduce the resistors by a factor of 3 to get the sweep rate, and therefore the display refresh rate up past 70 Hz, where there should be little in the way of perceivable flicker.
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Attenuators

The amplitude of the output stage is controlled by a variable attenuator that has a range of about 0 to -12 db,  a -3db switched attenuator, a -10 db switched attenuator, and two -20 db switched attenuators. The input and output resistance are 100 ohms. This value was chosen over a more conventional 50 ohm because it requires less power to drive.


	Attenuation
	200 kHz
	2 MHz
	10 MHz
	20 MHz

	0 db
	0 db
	0 db
	0 db
	0 db

	-3 db
	-2.8 db
	-3.1 db
	-2.8 db
	-3.2 db

	-10 db
	-9.9 db
	-10.1 db
	-9.9 db
	-10.4 db

	-13 db
	-12.7 db
	-13.2 db
	-12.8 db
	-13.4 db

	-20 db
	-19.9 db
	-20.3 db
	-19.6 db
	-20.1 db

	-23 db
	-22.8 db
	-23.2 db
	-23.2 db
	-22.6 db

	-30 db
	-29.8 db
	-30.2 db
	-29.8 db
	-27.3 db

	-33 db
	-32.6 db
	-33.2 db
	-30.3 db
	-28.4 db

	-40 db
	-40.0 db
	-40.0 db
	-25.5 db
	

	-43 db
	-42.4 db
	-43.1 db
	
	

	-50 db
	-50.1 db
	-49.2 db
	
	

	-53 db
	-52.8 db
	-51.5 db
	
	


[image: image19.png]


Measured attenuation of the switched attenuators.


Inspection of the table above shows  that the switched accuracy of the attenuators is highly dependent upon frequency.  This is, without much doubt, a result of the physical arrangement of the components and associated wiring.  Notice that the attenuators are pretty accurate all the way down to -52 db at 200 kHz and 2 Mhz, so more care in the wiring, perhaps using lower capacitance switches, shielding the attenuators and better layout of the output circuitry would certainly extend the frequency range over which the attenuators calibration held. It might be that designing the attenuator sections for 50 ohm impedance would have made the attenuators frequency response flatter. The present performance is adequate for my expected near term needs, particularly now that I have characterized the attenuator.


Marker circuit

A marker circuit makes a signal that indicates when the sweep generator's output corresponds to a predetermined frequency. In this circuit, it makes a rectangular pulse that is centered on the predetermined frequency, and this pulse is available to be viewed directly on the "Marker Out" connector with an oscilloscope, or if markers are "On" as toggled by the Marker On/Off toggle button, the marker pulse is added to the blanking pulse to put a notch in the output waveform. The circuit is composed of a a CD4051 analog multiplexer to select which of two marker position pots will control the circuit, a window comparitor made from both sections of U4, a dual comparitor, and a current source, made of the two 2N4401 transistors, which creates an offset between the high and low thresholds for the window.
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When the saw tooth is more positive than U4 Pin 6 and 
less positive than U4 Pin 3, the output of window comparitor 
U4 is high. 

The width of the pulse is a fixed voltage, and this corresponds to a fixed percentage of the maximum sweep range for any given band. The width of the marker can be changed by changing the value of R49. A variable width marker can be made by using a variable resistor instead of a fixed resistor for R49. It would have been nice, but alas, the box for this instrument is already very large, and I ran out of front panel space.

The offset  across R49 is created by a constant current that is generated by a current mirror made of two 2N4401 transistors.  The diode-connected transistor, the one with its collector connected to the 470k resistor, provides temperature compensation so that the voltage across the emitter resistor of the other 2N4401 does not change much as its base-emitter voltage changes as a function of temperature. The current out of the 2N4401 on the right is, as far as this circuit is concerned, independent of the voltage of its collector voltage. If the current to generate the offset was generated with a resistor, the width of the marker pulse would be different at low frequencies than it would be at high frequencies because the current to R49 would not be constant.

When the sweep/function generator is in "Marker Mode" and the oscillation frequency is controlled by one of the two marker pots, the voltage fed to the VCO is midway between the lower and higher thresholds of the window comparitor, making the marker centered on the generator's output frequency while in "Marker Mode." The frequency control voltage in the middle of the window is created by the voltage divider made up of R47 and R48.

The U4 is an open collector comparitor, so the outputs can be safely wired -ORed in this fashion.



Microcontroller
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I used an AT90S1200A from Atmel as the interface between the pushbuttons on the front panel and the circuits they control.  It could have been done with switches, but buttons seemed to be a slightly better human interface. Since I used really cheap buttons, there is no tactile feedback, so I used the remaining spare output of the controller to make a small click whenever a button is pressed. In order for the instrument to retain its settings when power is removed, the output port state, which is controlled by the front panel buttons, is stored in EEPROM. When three minutes elapse after the last button press, the controller saves the state of the output pins to its on-chip EEPROM and emits a slightly longer chirp than is used for the button clicks. Storing the output state takes one of the 64 available bytes, and each is used in turn, so the 100,000 write cycles guaranteed on the data sheet is extended to 6,400,000 write cycles. At three minutes per cycle, the life of the EEPROM  would be a minimum of 300,000 hours, if I were to stand there, pushing the button every 3 minutes. So, I  am not worried about wearing out the EEPROM.

Here is how the EEPROM read and write routines work. The assumption is that the EEPROM starts out filled with zeros, which will be done automatically by the firmware if it encounters an EEPROM without any locations set to zero, as is the case when the EEPROM is erased during the programming procedure, which sets all EEPROM locations to $FF. The EEPROM can also be zeroed by pressing the Waveform Change Button and Marker On/Off Button at the same time while the instrument is running.  There should be no reason to manually zero the EEPROM -the manual zeroing routine was written before I realized that erasing the EERPOM during programming would result in the same effect.

The output state data is written by the "WriteNextEE" routine. The routine scans the EEPROM memory from location zero up toward location 63 and writes the data into the first memory location it finds with a content of $00. When it writes the byte, it sets bit 6 high so that it will never write a zero value. If the search for a blank location wraps around to location 0, then the entire EEPROM is erased by writing zeros to each location.

The routine, "ReadNextEE" scans the EEPROM contents from location 63 toward zero, and returns the first nonzero value it finds. If it fails to find a nonzero byte, it returns a default value. 

The clicks and chirps are emitted as a short bursts of about 600 Hz through a piezoelectric transducer that is capactivitely coupled to bit  6 on port D. 

All the button read and toggle routines use debounce routines. I have an old Weller constant temperature soldering iron on my bench, and whenever it switches on or  off, it makes a huge glitch. When using a 30 millisecond debounce time, sometimes the soldering iron glitch would case the sweep/function generator to chance states. As a result, the debounce delay is now about 50 milliseconds and the problem of spontaneous changes to control settings appears to be gone.

An ATtiny2313 can also be used,  The ATtiny2313 version of the code was changed by adding code to to initialize the RAM stack and the specified include file to the ATtiny2313 include file.  Set the clock fuses to use the internal 8 MHz clock and enable clock division by 8 to get a 1 MHz clock for the CPU. What came up months later, while re-using part of code, is that the AT90S2313/Tiny2313 needs to have the EEPROM write enabled prior to the write strobe. This line [ sbi     EECR,EEMWE        ;Set master write enable.] was added to the assembler source file on March 4, 2006. AT90S2313 and ATtiny2313 chips programmed with earlier source and hex files do not save settings to the EEPROM. The code with this change has not been tested.


Power supply
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The power supply was designed to provide a balanced +5V and - 5V from a wall-mounted DC supply that provides 12 VDC minimum. There was not enough voltage available to use any of the three terminal regulators I have access to, so I designed one around the TL431 voltage regulator, used here as a combination voltage reference and error amplifier. It drives the 2N7000 which in turn drives the SPB0806P pass transistor to make 10.0 VDC. The dropout voltage of this regulator is a couple hundred millivolts at 100 milliamps. The 2N2907 provides over-current protection. The LM358 driving the 2NSC2655 and 2NSA1020Y transistors creates a ground by supplying the ground current necessary to keep the supplies evenly split at +5V and -5V.  The first section of the LM358 serves no purpose and can be omitted, with pin 3 being connected directly to the 7.32 k resistors. The two 7.32k resistors can be any pair of 1% resistors with a resistance between 5k and about 50k. The 2NSC2655 and 2NSA1020Y transistors are small signal transistors that are capable of dissipating a little more power than one typically mounted in a to-92 case, such as a 2N222. Since the total power dissipation is likely to be less than 250 mw, a 2N2222 and a 2N2907 can be used here, though I did not try them.

This current imbalance supplied by the 2NSC2655 and 2NSA1020Y transistors can be measured across the 47 ohm resistor. In the function/sweep generator I built, the worst case offset current when driving a 75 ohm load is 24 milliamps. When the output offset is turned off, the current imbalance is only 5 milliamps.

The current drain can be measured across the 2.2 ohm current limit sense resistor. In the function/sweep generator I built, the worst case current is 116 milliamps. 

It was critical that the output voltage be a high as possible so as to obtain the maximum dynamic range in the output stage, yet not exceed the +/- 5 Volt maximum power supply voltage specified for the Zetex ZXFY202N8 output amplifier. To meet that goal, I made the 10 volt regulator adjustable. The result is that the output voltage is +4.99 volts and - 4.98 volts.

Since the MAX038 chip is expensive and the ZXFY202N8 output amplifier is a little delicate, I added over voltage limiting in the form of shunt regulators to the outputs. The fear was that one of the power supply rails would be accidentally shorted to ground during testing, and that would dump the entire 10 volts across the other supply, stressing and potentially destroying some of the semiconductors in the circuit. I tested the shunt regulators by shorting each supply to ground and watching the other power supply's voltage on a oscilloscope - no problems. These tests were performed before the power supply was attached to the rest of the circuit. No point in tempting the fates.

There is a reverse polarity diode across the power supply input, and an input filter to reduce the magnitude of capacitively coupled current spikes that might pass through the ZXFY202N8 output stage when plugging the 12V power adapter into a 220V wall outlet while the function/sweep generator's output is connected to a grounded circuit. A varistor is also across the input just in case of line transients.

An extra measure of safety is given by reverse polarity protection diodes on the main circuit board. See the main board schematic for details.

Parts placement

I suggest that you come up with your own parts placement, but to get you started, here (below) is the placement of the chips and connectors on the main circuit board. The Power Supply was assembled separately.

A Glance Back
[image: image23.wmf] 


There is plenty of of extra space inside the cabinet. This is the smallest off-the-shelf box that I could find that was large enough to accommodate the front panel controls. All of the circuitry is point-to-point hand wired. Connectors are used so that the boards can be removed and worked on with minimum stress on the wiring harness (and I apply that term loosely.)

Now that I have been using the function/sweep generator for about a month, I can say that I am very pleased with it. It certainly makes the 'scope a lot more useful.

At a couple of points during the design, I wondered whether more than one set of marker controls was really a good idea, and waivered about adding them until I had cut the holes in the front pane. Now I am convinced that having two markers are a good idea. For example, When measuring the bandwidth of a filter, I centered the left marker to the -3db point on the left side of the passband envelope, and the right marker over the -3db point on the right side of the marker envelope, and then switched to Marker Mode and measured the output frequency of each marker. In another instance, I was able to keep the generator set up to sweep over a certain frequency range, with one of the markers set at 10 MHz as a reference, and and still use the other marker control to vary the output frequency in Marker (non-sweep) Mode, and then return to sweeping with the touch of a button, without having to set the pots up again.

Another thing I wondered about was whether the control-per-function approach to front panel design would really be better than the more modern context dependent controls - controls that change function depending upon what part of the operating menu you are in. The control-per-function approach is definitely the easiest for work with. It takes more panel space and it takes more controls, but it is much faster to operate in that there is no need to consider what mode the instrument is in before manipulating a control. Indeed, please notice that the only indicators on the front panel are the power-on LED and the mechanical markings on the controls themselves.

The range of the adjustable attenuator is about right. I am tempted to add another output with a much higher voltage swing. With the output unterminated, I can get over 3.5 volts peak-to-peak, plus when the offset is taken into account, the output has a total swing of about 8 volts peak-to-peak (about ground) when unterminated. This is useful for some things like driving small bipolar transistors and low threshold FETs, but it would be nice to have this kind of range when terminated, and sometimes 10 V P-P terminated would be useful.

When the CMOS 5 volt output is loaded, it puts glitches into the grounds and output signal. The addition of ferrites at strategic places did not noticeably effect these glitches. It appears that reworking the grounds is the only solution. Since I am afraid of breaking one of the many wires each time I remove the circuit board, and reworking the grounds would require removing and replacing the board a dozen or more times, I am not going to bother with this right now. I can probe the CMOS output with a scope probe for sync purposes without inducing glitches on the output.

After putting this much effort into designing and building the function/waveform generator, and realizing that the old Wavetek sweep/function generator that I use in my garage in Mesa, Arizona is over 20 years old, I realized that I should keep a set of critical replacement parts on hand, and so have assembled a spare parts kit and schematic diagram and placed in inside the nearly empty enclosure, so that in case of a failure, even 10 or 20 years from now, I can still repair it. The kit contains some switches, the output buffer chip, and the MAX038. Even if the special parts are no longer manufactured. This leaves me wondering whether the microcontroller will hold its flash memory contents that long. Check back at this web page in 2025 and see if I've posted the answer.

Ocotober, 2010: I accidentally performed and experiment that proved that the output of the sweep/function generator is not tolerant of being connected to 240 VAC. Unfortuantely, I was not able to get the board working with the spare and now obsolete ZXFY202N8 opamp, and so built an output amplifier with dsicreet components. The new output amplifier is described in this web page:  A DC to 20 MHz Coax Driver Using Discreet Transistors
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1Hz up to 22MHz Generator by MAX038

http://www.eleccircuit.com/1hz-up-to-22mhz-generator-by-max038/ 

This is simple MAX038 generator. It produces sine, triangle and square waves from 1Hz up to 22MHz. The Amplitude, offset and duty cycle are adjustable to offer wide range of generated signals. Frequency adjustment is made as a rotary switch S8 with a capacitor bank and variable resistor P7. Amplitude, offset and duty-cycle are performed via variable resistors. Switch S5 selects generated waveform. The outpud at U1-19 is 2V p-p for all waveforms. For amplitude adjustment, P6 and R38 form a voltage divider. The summing amplifier multiplies that voltage, so the signal at the output will vary up tp 24.4V p-p. The offset voltage is controlled by resistor P5. Duty-cycle adjustment is controlled by resistror P4.

Related Links
More circuit about Oscillator Generator
More circuit Function Generator
XR2206 Function Generator.
8038 Tri-Waveform Generator (Easy Oscillator Generator)
Read More Source:

http://www.kafka.elektroda.eu/podstrony/MAX038.php   http://electronics-diy.com/

HINT:

0-30MHz MAX038 signal generator with LCD frequency counter. Original MAX038 schematic is basically copied from David L. Jones .
    One modification not shown on my schematic is that instead of the 22pF cap. at the range selection, I've removed it and soldered   a 10pF cap directly onto legs 5 and GND since the cable
    to the switch had alot of capacitance itself. This also made it somewhat stable up to about 32MHz.

Взято отсюда:

http://www.gravitywell.org/electronics/electro.htm 

Low Cost Function Generator

This was a design that we were going to do when time permitted but Electronic Design beat us to it. So, instead of reinventing the wheel, we present you with their implementation.



by Ken Levine
Pacific Systems, 2838 67th Ave. SE, Mercer Island, WA 98040; (206) 236-2832; e-mail:kwlevine@aol.com
This low-cost function generator, based on the Maxim MAX038 high-frequency waveform generator, produces sine, triangle, and square waves from under 1 Hz to over 20 MHz  (See figure Below). The frequency, amplitude, and offset of all output waveforms are adjustable, as is the duty cycle of the square wave.

Frequency adjustment is accomplished with a capacitor bank and a variable resistor. Amplitude, offset, and duty-cycle adjustments are performed via variable resistors. Switches S2 and S3 select the waveform type to be generated. The frequency range is chosen using one of 12 capacitors, C2-C13, via switch S4. Resistor R16 is for fine-tuning. The fADJ pin of U1 is tied to ground through a 12k resistor, so the frequency of the waveform at U1-19 is f = 2(IIN/CF), where IIN = VREF/R, R is the sum of R7 and R16, and VREF = 2.5 V. The values of C2-C13, R16, and R7 were chosen to provide frequency-range overlap. Table 1 shows the frequency range for each capacitor value.
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The output at U1-19 is 2 V p-p, centered around zero, for all waveforms. For amplitude adjustment, R18 and R9 form a voltage divider. The portion of U1-19 fed to the summing amplifier U3 varies from 0.74% to 100%. The summing amplifier multiplies this voltage by -12.2, so the signal at U3-6 will vary from 0.18 V p-p to 24.4 V p-p.

The offset voltage is controlled by resistor R15. This voltage is fed to the summing amplifier, where it's added directly (the gain through the summing amp is ​1) to the waveform voltage. Resistors R1 and R2 force the variation in the offset voltage to be within ​13.6 V to +13.6 V to prevent the unity-gain buffer amplifier from being overdriven.

Duty-cycle adjustment is controlled by resistor R17. The +2.5-V reference voltage of U1 is passed through a unity-gain inverter to R5. R5, R17, and R6 (which is tied to the +2.5-V reference voltage) form a voltage divider. The voltage developed across R17 varies from ​2.3 V to +2.3 V. It first goes through a unity-gain buffer, then to the DADJ pin of U1. This ensures that the voltage at DADJ falls within the operating limits of ​2.3 V to +2.3 V.
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http://www.eproje.com/modules.php?name=News&file=article&sid=459 :
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http://www.cqham.ru/forum/showthread.php?t=1106&page=1 :

Собрал генератор на микросхеме MAX038 по схеме
Радио N5,1998,с.35
Все работает, кроме наложения меток - очень неустойчивы.
Т.е. работает генератор 0 - 34MHz (синус, пила, меандр), ГКЧ.
Имея цифровой частотомер и проходя по частотному интервалу
вручную, можно легко определять ширину полос фильтров и без 
наложения меток.

Об ошибках схемы в Радио см.:
http://www.radio.ru/ubb/Forum1/HTML/000321.html
http://www.radio.ru/ubb/Forum1/HTML/000362.html
http://www.radio.ru/ubb/Forum1/HTML/000369.html
http://forum.cxem.net/index.php?showtopic=25045 :

MAX038 хорощая микросхема, дороговата, правда. Тоже облизывался на неё в своё время... Сразу могу сказать, что частотомер к ней надо программно доработать, чтобы отображал только 3-4 старших разряда частоты, а в младших - нули. Частота генератора плавает и младшим разрядам веры нет, а мельтешение цифр в них раздражает. Особенно это заметно на частотах больше 1 мгц.
Взвесив все за и против, сделал себе генератор на синтезаторе AD9850, схема была в ж. Радио 3-2004. Частота задаётся кнопками в диапазоне 1 гц.... 50 мгц с точностью 1 гц, выход синус и меандр...
Так что думай...
В "Радио", если речь идет о том генераторе, есть ошибка в программе. Из-за этой ошибки реальная частота на некоторых значениях отличалась от указанной на табло на величину несколько килогерц ( на память точно не помню). Ошибка была циклической. Потом была статья с поправками (номера не помню, нужно искать). И не путайте шаг установки частоты (1Гц) с точностью установки. Точность определяется погрешностью ведущего кварцевого генератора. По поводу 50 МГц Вы оптимист. У меня генератор на AD9850 работает до частоты 30МГц при частоте ведущего генератора 120МГц. Так выше 15 МГц (1/8 Fкв) начинается завал амплитуды из-за малого количества отсчетов за период. В диапазоне от 15 до 30 МГц амплитуда падает на величину аж на 8 дб. Автоматический регулятор амплитуды я делать не стал, из-за малого размера ящика. В диапазоне от 0 до 15Мгц амплитуда постоянна. Если нужна частота выше 30 МГц, то можно сделать ФАПЧ, с AD9850 в опорном канале. Так сделано во многих импортных трансиверах. Это обеспечивает малый шаг перестройки по частоте.
Дополнение в №1 2005г., доработка в №10 2005г. 

По поводу 50 МГц Вы оптимист. У меня генератор на AD9850 работает до частоты 30МГц при частоте ведущего генератора 120МГц. Так выше 15 МГц (1/8 Fкв) начинается завал амплитуды из-за малого количества отсчетов за период. В диапазоне от 15 до 30 МГц амплитуда падает на величину аж на 8 дб.
http://forum.cxem.net/index.php?showtopic=25045
Батя говорит:

Да , действительно , ген на МАХ 038 имеет этот недостаток: плавает частота на верхнем пределе. Вывожу 20 Мгц, ставлю на прогон, через 2 часа он показывает 17,5 Мгц. Спецыально купил частотозадающие кондюки с нулевым коэфф утечки, термостабильные - непомогло. Пробовал обнаружить не стабильный элемент паяльником, выяснилось что стабилитрон 156й подтекает при работе, но убирать его из схемы не рискую, так как он несёт защитную функцыю по IIN  входу МАХа. Кто нибудь знает как и чем этот недостаток лечится?
Victor2312:

Ну сейчас ещё раз изучил внимательно описание схемы, Частота оказывается задаётся не только конденсаторами Сf которые С1-С8 но ещё и напряжением на входе FADJ и током на выводе IIN. А минимальная ёмкость 20 пФ видно только на 9 диапазоне и звязано это с максимальным током на входе IIN в 750mkA. Да и 9 диапазон более растянут у него коэффициент нерекрытия 4,7 как сказано в статье.

Вобщем частично разобрался, а вообще нужно дособирать, наверное и уже практически всё проверить.
Батя:

И еще , Виктор. Первое что я сделал , во время настройки , это настроил диапазон регулируещего тока, в соответствии с описанием. И только потом можно вганять частоту в свои поддиапазоны. Хотя , чесно говоря , я этого не стал делать . Хоть ген и довольно сильно перекрывает границы доддиапазонов. У меня получилось примерно так:  1) 0.05 - 3.0 Гц. 2) 1.0 - 13 Гц 3) 9.0- 140 Гц 4) 90- 1500 Гц  и т.д.  Как видишь , скажем частоту в 120 Гц , можно настроить в двух поддиапазонах , в 3-м и в 4-м. и я сказал - ну и пусть будет так . Главное , чтобы МАХа не спалить. Хотя конечно можно было бы съузить диапазон регулирующего напряжения, что привело бы к съужению полос в поддиапазонах, но я сделал как сделал. Вобщем будишь свой МАХ настраивать , сам поймешь. Удачи :rolleyes:
http://forum.cxem.net/index.php?showtopic=25045&st=100
Самара пишет:

Выполняю обещанное.

Хотя этот вариант решил себе не оставлять, возможно он кому-то будет интересен

При настройке можно руководствоваться рекомендациями автора схемы с учетом изменения нумерации элементов.

В дополнение нужно резистором R7 выставить на выходе DA1.2 размах напряжения 10В.

Все ошибки в схеме выправлены (надеюсь) :yes:

Емкость конденсаторов С7 И С8 соответственно 33 и 4,7 Пф. Так уж получилось на этой плате и экземпляром MAX038 максимальная частота 20 Мгц.

Обратите внимание, что пришлось на пределах частоты 8 и 9 использовать максимальный ток 750 мкА.

Возможно что у Вас получится по другому.

Вообще решил попробовать переработать схема в сторону расширения функционала и стабильности параметров, хотя конечно использование аналоговых методов это уже прошлый век, но не попадалось схем цифровых генераторов с такими возможностями.

Кстати стабильности частотных меток при испытании резонансных контуров тоже добиться не удалось, с удовольствием выслушаю Ваши рекомендации, буде у кого они есть.

Выяснилась, что емкость монтажа, релюшек и проводников, подходящих к выводу 5 DA2 составляет 26 Пф без учета конденсаторов С1-С8.

Также емкость одной пары контактов реле, примененных в схеме, составляет примерно 1 Пф + -.

Видимо поэтому генератор и не разгонялся выше 24 Мгц даже при удаленном конденсаторе С8.

Если при повторении будут использоваться другие реле, это нужно проконтролировать.

Привожу измененный вариант платы с учетом этого обстоятельства. При монтаже нужно удалить неиспользуемые выводы реле в целях уменьшения монтажной емкости.
Решил все таки попробовать доработать вышеприведенный генератор. 

Сейчас затеял разработку дополнительного выходного блока генератора на основе двухканального операционника AD8017AR (1600 В\мкс  160 Мгц.)

Хочу попробовать раскачать выходное напряжение до примерно 1В (на синусе) со стабилизацией выходного напряжения и на втором канале попробовать усилить до примерно 10В с ограничение максимальной частоты, что бы не превратить генератор в передатчик на высоких частотах.

Просьба поделиться, есть ли у кого есть на примете усилитель стабилизатор выходного 

напряжения на диапазон частот примерно 10гц-40 Мгц.
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LMH6503 получше будет, но дороговата, а AD8017AR есть в наличии.
Как один из вариантов стабилизатора хочу попробовать что нибудь вроде


  ampl_mod_pn4392_169.pdf   24,24 Кб   38 раз скачано 
или http://fedjukov6.nar...OW_FREQ_OSC.htm 


http://www.cqham.ru/forum/showthread.php?1106-%C3%E5%ED%E5%F0%E0%F2%EE%F0-%ED%E0-MAX038
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Основной ее недостаток, в общем, свойственен всем генераторам, управляемым напряжением или током. Любые пульсации, нестабильности и наводки в цепи управления влияют на частоту и портят спектр. В несколько меньшей мере это относится и к цепи питания.

A DC to 20 MHz Coax Driver Using Discreet Transistors
This is what we used to call "wide band" in the old days. 
It works very well as the output amplifier for a 20 MHz function/sweep generator on my workbench.




A differential amplifier followed by a differentially driven class A voltage gain stage, 
and then a Class A-B complimentary pair buffer for the output stage.



Find updates and corrections at www.projects.cappels.org

Related Project: MAX038-Based Sweep/Function Generator With Markers

Introduction

The output cable from my 20 MHz function/sweep generator dangled over the side of the workbench, the alligator clip hovering over the floor. Deeply engrossed in a project, I moved the power strip on the floor a little closer so I could plug in the circuit upon which I was working. That's when the alligator clip contacted the 240 VAC. The function/sweep generator had been gravely injured.

Poking around with a scope probe, the signal output was down in the noise, but it was there, and the other outputs worked. The expensive, rare, and discontinued MAX038 function generator chip was still working. Upon opening the case, I found that the Ztex  ZXFY202N8 wide band opamp had been destroyed and the output termination resistor burnt and broken. 

I replaced the ZXFY202N8 with the spare I had stored inside the funciton/sweep generator but something was not connected correctly. The opamp is wired into the circuit point-to-point on the back of the circuit board. After a several cycles of removing the circuit board, touching up suspect solder joints, and reinstalling the board, I gave up and decided to build another amplifier on the benchtop where I could more easily troubleshoot it.

I am out of the ZXFY202N8 opamps. There is noting like that available in the electronics and surplus stores here, and my mail order supplier's web site did not have anything that is even close. But I have a lot of very fast transistors. 

It quickly became apparent that the old reliable 2N3904 and 2N3906 transistors would be plenty fast, had sufficient gain, and were not exotic at all. It took a couple of hours to put the amplifier together and debug it. That activity was much more enjoyable than going through the uninstall-troubleshoot-install cycles.


Circuit Description

The circuit had some apparently tough constraints: High input impedance so as to not load down the output of the MAX038, a low impedance output to drive the coax and any loads, wide bandwidth -as flat as I could get to at least 20 Mhz, and a full bandwidth output voltage swing to within 2.5 volts of the power supply rails. 

For the high input impedance the circuit uses a differential pair of 2N3904 transistors. The collector currents are differentially amplified by a 2N3906, which has its 1k collector load connected to - 5 volts though a bias network for the complementary  pair buffers the high impedance collector of the second amplifier stage to drive the output termination resistor.

The relatively low values of the resistors are needed to allow sufficient output current to provide the large output range of over 5 volts (- 2.6 volts to + 2.6 volts) while driving terminations, to keep sufficient current through the transistors for them to have adequate bandwidth and so that  capacitances don't cause the amplifier stages to roll off at frequencies that are too low.

Once the bandwidth and load driving signal swing were confirmed, the next problem was how to stabilize the amplifier. Having three stages means that at some frequency, there is 180 degrees phase shift between the inverting input and the output. Dominant pole compensation would not work because there was not enough excess gain in the circuit. That left me with the  trick of shunting the amplifier's input with a broad band network to reduce the loop gain. That is the purpose of the 0.1 uf capacitor in series with the 100 ohm pot.

The 0.1 uf capacitor and 100 ohm pot is connected between the an input stage's two inputs. The pot is set to about 50 ohms and the impedance of the two 1k resistors that set the closed loop ;gain is 500 ohms, which results in the loop gain being lowered by about 40 db at frequencies above the corner frequency of the 0.1uf capacitor and the 50 ohm resistor (about 30 kHz), which is enough to keep the gain at 80 Mhz, where the amplifier tended to oscillate, less than 0 db. I tried using a fixed resistor, but I noticed that to get excellent square wave response, the loop gain had to be critically adjusted. Using a pot was much easier than selecting a set of resistors.

Construction

Functionality and frugality take precedence over appearance.
This is going to be hidden inside the sweep/function generator's enclosure, so there was little worry about keeping it neat or even rugged, for that matter. I built it dead bug, or "ugly bug" style as it is sometimes called. Just start at one end, and start adding parts. 
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