Deflection Amplifier (first draft)
http://webpages.charter.net/dawill/tmoranwms/Circuits_2008/index.html

This, and the two drawings below, belong to my scope mod project. This design boasts JFET buffered inputs, differential input (the 2N5179s and 2N3904 current sink form a long-tailed pair, so common mode signals are rejected), high voltage output and common mode servo biasing.


· Deflection Amplifier (realized) 

This is the above circuit, as built. I omitted the JFET buffers, opting to take the LTP bases out on shielded twisted pair. Some values are different, reflecting my parts supply and experimental goals. Unfortunately, the 2SC1569, despite a claimed fT ca. 100MHz, is only good for full output up to a few MHz. The 2N5179s were prone to UHF oscillation (notice the 10pF capacitors added in an attempt to stabilize the circuit), a somewhat slower type such as the MPS3563 shown below, or even regular old 2N3904s, is quite sufficient.
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· 20MHz Deflection Amplifier (second draft) 

The revised model changed to one buffered input (the other is available for biasing, e.g. position control), a somewhat slower differential amplifier (MPS3563 fT ≥ 600MHz) and instead of emitter follower drivers (suffering from instability), less coupled common emitter stages and a cascode output stage. The design output rail is only 100V (50V shown), as I found the Heathkit's CRT deflects at about 10V/div, so only 60Vp-p is needed to fully cover the graticule. This reconsideration allows much higher output current and much faster transistors to be used (the 2SC3597 is a high-bandwidth video amplifier, fT = 500MHz). The actual measured bandwidth drops off around 20MHz, and as built, has about 10% of trash on the waveform: not quite oscilloscope grade material, but certainly a good start. Note: circles represent wires taken off the PCB; components past circles were breadboarded for testing.
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http://webpages.charter.net/dawill/tmoranwms/Circuits_2008/index.html
Differential Cascode
· In boredom one day, I breadboarded this circuit. The 2N3646 is similar to a 2N3904, but old -- the stock I had on hand at the time was probably 30 years old! This circuit had good bandwidth, but dreadful gain (less than the gain of 4 the shunt-feedback resistors suggest), I'm not sure why.
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· Scope_Front_End.png 

A high bandwidth, high impedance, temperature compensated buffer stage suitable for an oscilloscope.

http://webpages.charter.net/dawill/tmoranwms/Circuits_2010/index.html 
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· Analog Sampler 

The complete (discrete) schematic for an analog sampler device. The block diagram is fundamentally the same used in all sampling oscilloscopes (be they digital or analog). The overall effect is that the input is frequency-shifted down to a multiple of the sweep frequency. This circuit, as shown, will only trigger reliably up to a few hundred kilohertz, but a more sophisticated circuit (namely, a sharp comparator and S&H) is suitable up to 50GHz in the most advanced oscilloscopes today.
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· One-Shot Timer 

Very, very versatile circuit. Many an online question I have answered with this circuit, or an equivalent (e.g., using the 555). An RS flip-flop (which could be implemented with just two transistors) controls state, while discharge and "comparator" transistors control the voltage on the timing capacitor CT. Using the Trig input as shown, the flip-flop is edge-triggered, so the circuit can be used as a one-shot timer, sweep generator (particularly with a constant current charging CT), variable delay (RT (or a current source) variable, or changing the 3.3V zener), or with Trig wired straight to the transistor (omitting the 220pF and 1N914), a missing-pulse detector as well. Typical performance with jellybean transistors and resistors as shown has rise/fall time and propagation delays on the order of 100ns. Large capacitor values with small charging currents easily yield delays of several minutes.
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	555_Mirror.png
Adjustable stabilized current source for a 555 timer circuit. This replaces the charge resistor, generating a linear ramp on CT and providing electronically variable frequency.




Triggered Sweep / Timebase Generator 

http://www.williamson-labs.com/scope-main.htm

Oscilloscopes have several sync modes: internal sync; external sync; line sync and delayed sync. The selection of any of these sync sources sends the signal to the "sync detector." For example: if the internal sync is selected, it sends the input signal, picked-off from the vertical input amplifier, to the "sync detector" which is a fast analog comparator that gets its other comparison input from a front panel mounted control, called the "LEVEL" control. This allows the user to preset the exact voltage level and polarity, at which the scope "triggers" the sweep generator to sweep the beam across the screen once. Every time the signal goes above this preset voltage (except during an active sweep time), a new sweep is started: this is called "Triggered Sweep."
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Oh, By The Way... 

There is a sweep begun whenever the signal reaches the trigger level, regardless of whether it is a rising or falling voltage. This means that--in the case of a sine wave--the scope is just as apt to start the display at zero degree phase, as 180 degree phase. To solve this little oversight, a switch is used to tell the sweep generator which excursion--rising or falling--to trigger on: this is called the "SLOPE." (+) SLOPE (-) 

	"Delayed Sweep" 
Another feature of most good scopes is "Delayed Sweep." Delayed Sweep, allows the user (that could be you, if you behave and eat your vegetables) to trigger on an event and observe the signal after some predetermined time interval. For example: if you wanted to observe one single scan line--out of 525--in a television signal, you would trigger off of the beginning of each television field time (16.67 msec) but holdoff displaying that particular scan line (HD = 63.5 usec) until the correct amount of time has passed. In essence the Delayed Sweep is just a fancy "One-Shot" multivibrator with a ten-turn pot, triggered from the scope's normal sweep circuit; and holds off the sweep across the screen until some time interval--determined by our old friends Ms. R & Mr. C--has passed, after which time the scope sweeps for the interval of one TV scan line.
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	Numbers Don't Lie... People Do: 

Let's say I wanted to eyeball the 188th horizontal scan line, and I had dialled in both the "Delay" and the "Sweep" intervals: as soon as the field sync pulse (VD) occurs the delay sweep starts to time out for 11,885 usec (187 x 63.5), at which point it triggers the scope's sweep generator. The sweep runs for ~ 65 usec--displaying one complete horizontal scan line (the 188th). 

Other features of the oscilloscope that are available, are left for the user to discover in the user's manual: you know, that thing you read when "all-else-fails!"


DELAYED_SWEEP_ADAPTER
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The schematic for the delayed sweep adapter is shown in the figure. Power for the circuit is pro-vided by a dual-polarity, 5-V supply. An LM360 high-speed comparator (IC1) with complementary TTL outputs is at the heart of the circuit. A trigger-level control, potentiometer R2, allows the adapter to trigger on any part of the waveform being displayed. With the values shown, the circuit functions well with a Hitachi V-212 oscilloscope, whose channel 1 output is about 25 mV per vertical division of the signal display. Assuming a normal display of about six divisions, the level control pro-vides a range of ±150 mV. You can change that range to suit your scope output by adjusting the ratio of R3 (15,000 Ω) to R4 (470 Ω); however, maintain the ratio of R5 (100,000 Ω) to R4 (470 Ω) for proper hysteresis. Resistor R1 (51 Ω) terminates the 50-Ω cable from the channel 1 output jack. IC2, a 7473 TTL dual J/K flip-flop, is configured in its toggle mode to divide the input frequency by 2. That ensures that IC3, a 74121 TTL monostable multivibrator, will function accurately over the in-put waveform's full time period. The pulse output from IC3 is coupled to the trigger-input jack of your oscilloscope, and the slope is selected via S2 to match the slope selected on your oscilloscope. Po-tentiometer R9 allows fine positioning of the trace and potentiometer R7 allows the output pulse width selected to be multiplied by a factor from x1 to over x2.5. Switch S1 lets you select the de-sired pulse width by switching in C8 through C13, in a 1-2-5 sequence. The adapter circuit was de-signed to operate on an external ±5-V, 100-mA power supply to avoid 60-Hz pickup in the unit.

http://www.electronixandmore.com/projects/simplescope/index.html

