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Back in the late 50’s when I was getting started in ham radio, I visited the shack of another ham and saw among his gear a homemade oscilloscope.  It was a very basic unit with a simple sweep circuit and with the vertical plates AC coupled to the plate of the audio amplifier tube of an old AM radio.  Sine waves danced and slid across the screen as music and voice came from the speaker.  It was a cool display that certainly helped to further arouse my interest in electronics.  Since then I have had a career in electronics that involved spending thousands of hours in front of many different oscilloscopes but I never forgot that old home-brew scope and always thought I might build one myself.

Recently, I was searching the internet when I came across a description of a digital clock that uses a 3 inch scope tube as a readout:http://www.electronixandmore.com/project/scopeclock/index.html
This got me to thinking once again about building a scope, not as a clock or an adjunct to an entertainment radio, but as a general purpose device that could be useful around the shop.

Scope – Plan and Specs

“Back in the day”, scopes that a hobbyist could afford (like the many Heathkits) and even ones that many professionals used (like Dumonts) were likely to be AC coupled only and have their sweep speed adjusted with a pot.  The horizontal oscillators of these old guys were multi-vibrators and sync was achieved by adjusting the horizontal frequency close to some submultiple of the vertical input frequency until the horizontal oscillator “locked”.  Vertical gain was also often adjusted with a pot.  They were capable of accurately displaying the shape of a repetitive waveform, but were not useful for single shot or low duty cycle waveforms.  In addition, they could not accurately measure amplitudes or repetition rates of signals.  They certainly beat the stuffing out of “no scope at all” but they had severe limitations.  New scopes are mostly digital nowadays, but digital scopes have their own limitations and good ones are very expensive.

What I wanted to build was a small analog scope that would be generally useful for troubleshooting around the shop.  I wanted something that I could make copies of for young people who could use them to get a start in this great hobby.  This means that the scope must be built with readily available and reasonably low cost components and a simple design.  Here are the specs I was aiming for:

· DC coupled vertical amplifiers with a sensitivity of a few tens of millivolts per division to around 10 Volts/div.

· Optional AC coupling.

· Calibrated vertical deflection.

· Calibrated sweep speeds, good linearity.

· Triggered sweep to allow “zeroing in” on glitches in a waveform.

· Trigger from vertical signal or AC line

· Bandwidth – I was willing to take what I could get here while keeping the circuit simple and low cost.  A few MHz would be adequate.

· AC line power supply built in.

· Single board with everything but CRT, pots and switches.

That seemed like a tall order, but hey, this is a hobby, not a job.  I was willing to compromise if necessary.

Finding a CRT:
RCA, Sylvania and others used to make a lot of standard numbered electrostatic CRT’s (3BP1A, 5CP1A, etc.) that were widely used in scopes and other devices.  I found quickly that this is no longer true.  The US based general purpose CRT manufacturers have long since stopped production and the old familiar part numbered tubes are now very hard to find.  Just about all scope manufacturers these days use tubes that are specially made for their products.  These can sometimes be found as replacement or surplus parts at high prices or used parts on e-bay.  This did not fit my definition of “readily available”.

I did find one standard CRT that is still available.  The 3RP1Ahttp://www.scottbecker.net/tube/sheets/041/3/3RP1A.pdf   was widely used in all kinds of test equipment and even some stereo audio equipment and is now made in China.  It is available from tube sellers including Radio Electric Supply http://www.vacuumtubes.net/  for about $40.00.  This tube looked pretty good as it has good deflection sensitivity and will work with an anode supply of only 1KV, compared to some others that require as much as 4KV.  The tube has a round flat face with a diameter of 3 inches, good enough for a small scope.

Scope – First Breadboard

Searching for scopes on e-bay led to an old Heathkit IO-1128 Vector Monitor.  This unit was originally used for servicing early color TV receivers.  It has a high voltage power and filament transformer, a 3RP1A CRT with socket, some pots and switches and not much else.  I bought it cheap and got some of the basic parts that I needed for a breadboard.  Pretty much everything else I could find in my junk-box.

I built the breadboard on a piece of particleboard left over from a shelving project.  I made it big so I could get at everything easily.  Here’s what it looks like:


The transformer on the rear left has dual 120VAC primaries and dual 10VAC secondaries.  I used one of the primaries as a primary and the other primary as a secondary with a bridge rectifier to supply +150VDC for the deflection amplifiers.  The 10V secondaries were used for ±5V and ±10V supplies for the op amps and other electronics.  To the right of that transformer is the HV plate and filament transformer from the Heath monitor.  On the right, the CRT is mounted in the front panel from the monitor.  The small green board just in front of the transformers is the low voltage power supply.  In front of that is a copper colored board with a bunch of insulated standoffs mounted on it.  Sort of a HV breadboard.  On the left side of that board are the two deflection amplifiers and on the right is the blanking circuit.  In front of the copper board are two proto-boards holding the vertical and horizontal amplifiers, plus the sweep and sync circuits.



Here is a screen shot of the breadboard during the design phase.  It is displaying a 1KHz sine wave.  The triggered sweep is working but the blanking circuit is not yet complete.  You can’t see the retrace lines (the retrace is very fast) but the bar on the left of the screen shows that the sync circuit is waiting for a trigger before launching a sweep.  Yes, the CRT is not correctly aligned yet, so the waveform kind of runs downhill.

 

I always intended to make more than one copy of this scope, so I am planning to lay out a PC board with all the electronics and the power supply on board.  This leaves only the CRT, AC power entry module, pots, switches and input jacks off board.  In this way, I can use the same board for scopes with different package sizes and CRT types.

Scope – CRT Circuits



The CRT needs an anode to cathode supply voltage of 1000V or more to give a bright and sharp display.  The deflection plates which move the dot around the screen must be at about the same voltage as the anode.  So if the cathode is at or near ground potential as is common in vacuum tube circuits, then the deflection plates are 1KV above ground.  If the deflection plates are to be driven by a DC coupled transistor amplifier, and the bases are to be near ground so that they may in turn be driven by low voltage circuits then the output transistors must have a VCEOrating of over 1KV.  Transistors with that kind of collector breakdown voltage that are also fast enough to handle megahertz signals are rare indeed.

If, on the contrary, the anode voltage is at ground, then we would need an amplifier with an output stage that could swing 60 or so volts above and below ground.  While this is possible, it would be more complex than necessary.  A better solution is to put the CRT anode 70 to 80 volts above (more positive than) ground and the cathode about 950 volts below ground.  In this way, the drivers for the deflection plates could work from a 150 Volt supply and swing ±60 Volts from a quiescent value of about 75 Volts.

In the drawing above, the two 27K resistors set the anode potential to 75V.  The second and fourth grids are internally connected to the anode and along with the third or focus grid form a lens that focuses the electron beam from the cathode to a small sharp dot on the screen.  The control grid is held near -1000V by circuitry not shown here.  The voltage divider on the left of the drawing provides proper bias voltage for the focus grid and the cathode.  The top pot adjusts focus and the lower one sets the brightness of the dot on the screen.

Scope – Vertical Amplifier
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The vertical amplifier uses wide bandwidth op-amps for most of the gain and a differential amplifier with a pair of 2N6517’s to drive the deflection plates.  The 2N6517’s have a VCEOrating of 350 Volts and an FT of 40 to 200 MHz, adequate for this job.  U2 and U3 are Linear Tech LT1361’s with a Gain Bandwidth product of 50 MHz - Единичное усиление!!! -  and U1 is a FET input LT1122 for very high input impedance.  The 1meg resistor across the input sets the input Z to match common scope probes.  The 10K series resistor, along with the two zeners and two diodes protect the input circuit from contact with high voltages.  The original circuit used just 2 back-to-back zeners, but the capacitance of the zeners along with the series 10K resistor really limited the high end frequency response.  The gold doped 1N4148 diodes switch fast and have really low capacitance.  U1 has a gain of one and very high input impedance.

The gain of U2B is controlled by one deck of a two pole six position rotary switch.  The gain is about one with the vertical gain pot set to max and the rotary switch fully clockwise (as shown on the drawing).  The next two positions of the switch select gains of 2 and 5.  In actual operation, the gain of U2 will be slightly more than stated, because the vertical gain trimmer pot on the board will be used to calibrate the gain to match the grid lines on the face of the scope tube.  As the rotary switch moves more counterclockwise, U2B’s gain stays at 5 and U2A’s gain steps from 1 to 2 to 5 to 10.  This will result in vertical sensitivity steps from .01V/div to .5V/div.  Using a 1X / 10X switchable scope probe will stretch the lower sensitivity to 5V/div, more than adequate for working on most solid state circuits.

Update:  The first breadboard used garden variety op-amps and worked OK with the circuit above.  Early work on the PC board version has shown stability problems when all the leads shown are bundled and brought to the front panel.  The circuit will be changed to use a different approach to setting the gain.
U2B drives one of the bases of the 2N6517’s in the output stage and U3A inverts U2B’s output with a gain of one to provide differential drive to the other base.  The bases of the two transistors are near ground potential, meaning the emitters are at about -0.6Volts.  The voltage across the 1.5K emitter resistors is then -0.6 – (-5) = 4.4Volts.  So the emitter current is 4.4V/1.5k = 2.9 mA.  The collector current is nearly the same, so the collector voltage is 150 – 27k (.0029) = 71.7 Volts, close to the desired value of 75Volts.  The output amplifier’s gain is set to a value of 18 by the ratio of the collector to emitter resistors.  The two Y axis deflection plates are driven by the collectors of the output amplifier.

Scope – Sweep and Sync

Sweep Circuit:
The horizontal sweep is driven by U7, a CMOS version of the familiar 555 timer IC.  There are tons of app notes and other information on the web that describe the operation of this IC.  Signetics AN170 is the grand-daddy of them all. http://www.doctronics.co.uk/pdf_files/555an.pdf
U7 is set up for monostable operation.  Initially (before the sweep is triggered) the discharge transistor inside the 555 has pulled pins 6 and 7 to -5V and fully discharged capacitor Cs.  When U7 is triggered via pin 2, the discharge transistor shuts off and Cs begins to charge.  In most of the 555 circuits you will see, this charging current comes from a resistor connected to the positive supply.  In this case, though, it is the voltage at pin 6 that is driving the sweep across the screen of the scope.  A resistor charging a capacitor creates a non-linear change in voltage with time and thus would result in a distorted sweep.  Objects on the left side of the screen would be stretched and ones on the right compressed.

So instead of a resistor, Cs is charged with a constant current source consisting of a 2N3906 transistor, a TL431 shunt regulator (which acts like a 2.5V zener), a diode and some resistors.  The TL431, the diode and the 4.7K resistor hold the base of the 2N3906 2.5V plus one diode drop (.6V) lower than the +9V supply.  The collector current charging Cs (plus a tiny bit of base current) comes from the emitter of the transistor and thus from the +9V supply through Rsense.




The voltage at the emitter is pulled down until it is equal to the base voltage plus the one diode drop of the transistor base-emitter junction.  So the emitter voltage ends up at 2.5V below the +9V supply and it stays at that voltage no matter what the collector voltage may be.  The emitter current is thus 2.5V÷Rsense and the collector current is very nearly the same.  For example, if Rsense is 1K, IC is 2.5mA.  The switch selects different values of resistors and thus different sweep rates.  This circuit works very well over at least 3 decades of sweep rates.  It could accommodate more, but it is hard to find switches with more than 12 positions, so another switch is included to select two values of capacitor.  I left the resistors off the board because they are easy to wire to the switches and it cuts way down on the number of wires needed.

As Cs charges, the voltage delivered to the horizontal amplifier rises, and the dot moves to the right across the screen of the CRT.  The comparator inside the 555 detects when the voltage on pin 6 reaches the threshold value (1.7V), and turns the discharge transistor back on.  This pulls the voltage back down to -5V and the dot returns to the left hand side of the CRT screen.  The 555 then waits for another trigger and the cycle repeats.

Sync Circuit:
U5A is a LM319 comparator.  When it’s positive input is higher than the negative input, the output flips high and vice versa.  The output is an open collector NPN transistor.  The trigger level pot adjusts the level of the +input voltage to U5A and the incoming signal provides the negative input.  The two 1N4148 diodes protect the inputs.  The Sync Source switch selects the source of the sync signal.  It can come from the vertical amplifiers, from an external source, from the AC line frequency or from the 555 output.  When the sync input signal drops lower than the trigger level setting, the output of U5A goes high which triggers U6, a 74HC221 one shot.  The HC221 is powered in an unusual way in this circuit.  Normally, logic IC’s are powered from +5Volts (Vcc) and ground.  In this case we need to work with negative voltages, so the HC221’s Vcc pin goes to ground and the pin that is normally grounded goes to -5Volts.  This works fine so long as the inputs to the HC221 do not exceed the range 0 to -5V.

Triggering the HC221 causes it’s QNOT output, pin 4, to drop from 0 to -5V and then return to 0 after 100 nS.  This signal is coupled to pin 2 of the 555, causing it to trigger.  OK, why do you need the 221 at all?  Couldn’t you just cap couple the output of U5A to pin 2 of the 555?  Well, that was my first thought, but it turns out that if you make the coupling cap small enough that the pulse has decayed by the next trigger cycle (at fast sweep speeds), then it does not reliably trigger the 555 due to the limited slew rate of the comparator output.  The 221 outputs a hot pulse, is DC coupled and eliminates the problem.

Horizontal Amplifier:
The horizontal amplifier is nearly identical to the vertical amp except that it has one less stage and that it’s gain is controlled only by a trimpot on the board.  Once you set the gain so that the time per division is correct on one sweep speed it is correct on all ranges within a few percent.  The output of the horizontal amp drives the x axis deflection plates of the CRT.

Scope – Power Supply

OK, I’m going to say it again.  This project involves very high voltage power supplies.  The +150 and -1200 Volt supplies and/or the energy stored in their capacitors can take your life in seconds.  Don’t even THINK about duplicating this project unless you are trained, experienced and comfortable with working on high voltage circuitry.

High voltage power transformers of the type that were used for vacuum tube circuits are now expensive and hard to find.  For this project I wanted to find transformers that are still manufactured in large quantities and are low in cost.  Hammond makes such a line and the 229 series units designed for mounting on PC boards are particularly cost effective.  T1, the main power supply transformer, has two 120Volt primaries.  These are normally wired in series for 240Volt operation or in parallel for 120 Volt operation.




Here we use just one of the primaries and use the other one as a secondary for the +150 Volt supply.  A bridge rectifier and two section filter complete the 150V supply.  Another feature of the Hammond transformers is a 1700 Volt insulation rating on each winding.  The filament of the CRT must be close in potential to the cathode so both sides of the filament are about 1000 Volts below ground potential.  The high voltage rating of the Hammond transformers allows us to use one of the 6.3V secondaries to power the CRT filament and the other one to power the low voltage circuits operating near ground.  Ideally the secondary driving the low voltage supplies would be 10V or so, but because the CRT filament requires 6.3V, we are stuck with that value for the other secondary as well.  We use two half wave voltage doublers.  One produces about +14V for the positive supplies and the other -14V for the negative supplies.  78xx and 79xx series three terminal regulators are used to provide the +9V, +5V, -9V and -5V regulated supplies.



High Voltage Supply:
The highest voltage transformer in the Hammond 229 series has two 120V primaries and two 120V secondaries.  The primaries are wired in parallel and the secondaries are wired in series to produce 240VAC.  This output is connected to two half wave doublers just as in the low voltage supplies.  Each produce about 600VDC and the most positive point is connected to ground.  This results in an output of -1200VDC.  All with a $13 transformer!  I used a “stack” of 200V zeners to provide a regulated -1000V output.  1N5388 200V 5W zeners are available from Arrow Electronics for $0.12 each, so this makes for a very low cost regulated HV supply.

Scope – Schematics

Here are the complete schematics of the design as it stands at the early stage of testing on the first PCB.  The vertical amplifier shows another configuration of the gain setting network that will be tested soon.
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Figure 7: Phono Preamp
 

Figure 7 illustrates a phono preamp design that incorporates the LSK489 to achieve low noise and high input impedance. The circuit consists of a hybrid JFET-bipolar op amp that uses the LSK489 as its low-noise input stage. The low-distortion, low-noise LM4562 completes the hybrid operational amplifier, which is configured for a flat gain of 21dB. The 75us, high-frequency corner of the RIAA equalization characteristic is implemented by R12 and C4. The remainder of the RIAA equalization implements time constants at 3180 and 318 μs. It is implemented with the second half of the LM4562 op amp and the surrounding feedback network. Total gain of the preamp is 36dB at 1 kHz. The LSK489 JFET input stage provides exceptional immunity to EMI.
http://forum.easyelectronics.ru/viewtopic.php?f=17&t=14345&start=25

на U1 собран входной буфер с высокоомным входом (около 1 мом)

на R1\R2 делитель сигнала на 2 

U2 усилитель с регулировкой усиления 2\4\6\10

с учетом делителя R1\R2 получаем на выходе усиление 1\2\3\5

на U3 блок выбора резистора для делителя U2, резисторы рассчитывал исходя из того что собственное сопротивление 4052 около 100 ом

управление U3 при помощи линий A и B

у этой схемы при КУ=10 полоса пропускания при ослаблении 3 db около 10 мгц 
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Леонид Иванович говорит: Схема аналоговой части Neil Scope достаточно адекватна. Входной ОУ выбран правильно, вот только защиту входа нужно добавить. Рабочее напряжение C31 нужно увеличить, так как даже при работе со щупом 1:10 к нему прикладывается полное входное напряжение. Усиление переключается коммутацией отводов делителя, что правильно. Если переключать усиление делителем в обратной связи ОУ, то будет меняться полоса пропускания, что для осциллографа недопустимо. Со сдвигом вопрос более тонкий. Классически сдвиг делается на определенное количество клеток, т.е. от усиления не зависит. Это означает, что сигнал сдвига нужно прибавлять после регулируемого усилителя. Но при этом возникает проблема перегрузки входных каскадов, если они имеют усиление. В Neil Scope входной каскад без усиления, поэтому такой проблемы нет. Зато будут повышенные шумы, так как сигнал сначала делится, затем усиливается. В более солидных осциллографах сигнал сдвига добавляют во входной каскад, но его масштабируют в зависимости от усиления. Но для простого портативного осциллографа, думаю, схема Neil Scope оптимальна. Дальше идут уже входные схемы с дискретным JFET, программируемые усилители (например, AD8370) и т.д. Слишком объемно и прожорливо для портативного прибора.

Считается правилом хорошего тона, чтобы вход осциллографа при любом значении чувствительности не повреждался при входном напряжении до ±300 В. Нормальные осциллографы этому требованию удовлетворяют, их схемы содержат необходимые элементы защиты (я не говорю про самодельные осциллографические приставки). Для Neil scope неплохо добавить защитные диоды на входе, тогда при R48 = 33k для 300 В ток не превысит 10 мА, что вполне терпимо. Конечно, R48 должен быть рассчитан на соответствующее напряжение и мощность (как, собственно, и другие элементы входного делителя). Но Neil scope вряд ли рассчитывался на такое высокое входное напряжение даже с включенным делителем. И это не ошибка, а скорее компромисс - поставить высоковольтные компоненты в портативный прибор не всегда позволяет объем.

http://forum.easyelectronics.ru/viewtopic.php?f=17&t=14345&sid=32851dea8bdf2341aa0a8953db983be6
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MCP6022 - 10МГц - максимум! ________________________________________________________________________

http://zx-pk.ru/archive/index.php/t-18127.html
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AD8065 - одиночный AD 8066 - сдвоенный ОУ с полевиками на входе Iвх - 1пА 145МГц

Qualified for automotive applications FET input amplifier 1 pA input bias current Low cost High speed: 145 MHz, −3 dB bandwidth (G = +1) 180 V/µs slew rate (G = +2) Low noise 7 nV/√Hz (f = 10 kHz) 0.6 fA/√Hz (f = 10 kHz) Wide supply voltage range: 5 V to 24 V Single-supply and rail-to-rail output Low offset voltage 1.5 mV maximum High common-mode rejection ratio: −100 dB Excellent distortion specifications SFDR −88 dBc @ 1 MHz Low power: 6.4 mA/amplifier typical supply current No phase reversal Small packaging: SOIC-8, SOT-23-5, and MSOP-8
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Figure 51. Differential Line Driver
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