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Currently the Long Test Track (LTT) utilises a coil and magnet system [1] to measure velocity. The system measures between 20 and 1000 m/s at an accuracy of 0.12%. Bespoke hardware and software is used, triggered by the test vehicle initial movement. Results are obtained in minutes. The system is becoming antiquated and in need of upgrade or replacement.

Eight solutions have been considered. Other ranges have been discounted as they operate in different ways, in different climates. The final solution offering the best cost / time solution is to look to replace the coil and magnet with acoustic sensors. Two possible recording methods are possible; either a Genesis Data Acquisition System, or a PIC and new code created in-house.

Genesis has built in formulae, and operates on Perception software, simplifying the build. Building new software / hardware is more complicated and therefore more time consuming. Using the acoustic sensor method allowed testing to be carried out in parallel with the installed coils, therefore allowing direct comparison of results.

Stage 1 of this project considers the replacement of the CPMU with a new unit. Stage 2 considers the use of the rising or falling edges to calculate velocity at a single point. Data was captured concurrently. Last minute changes to the test setup saw a much reduced level of signal, so data extrapolation was made more difficult. A larger negative going signal was observed, which was unexpected.

Comparison of coil and break-wire data gave a maximum error of 0.3% when compared. Using the 1st break-wire, and distance between coils, gave a significantly larger error.

Bench testing of a circuit built to replace the CPMU worked well with representative signals during bench testing.

Extrapolation of velocity from the rising and falling edges of the signal proved more difficult, given the attenuated level of the signal recorded, and further consideration is needed as to whether the method would work with a better return.
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It was proposed that an alternative method of measuring velocity could be considered. [24]

This document is the final report for an applied project to investigate the possible replacement of the velocity measurement system currently installed on the Long Test Track (LTT) at QinetiQ Pendine. This report will cover:

· Description of the need.
· Considered and chosen solutions.
· Stage 1 – CPMU replacement and possible measurement technique.
· Stage 2 – Analysis of captured data to provide viable velocity data at a single point.
· Evaluation of the results.
· Future Improvements.
· Conclusions and recommendations.

The present system utilises a coil and magnet system [1]. A magnet attached to the underside of the sled carrying the Test Item (TI) passes over a series of coils mounted along the centreline of the track. Nominally 10 meters apart the velocity is calculated by measuring the time taken between any two coils. The system is able to measure between 20 and 1000m/s, with a tolerance of 0.12%.

A bespoke software / hardware system is currently used. The Coil Pulse Monitoring Unit (CPMU) is triggered on vehicle initial movement. On completion of the run the data is downloaded to a PC with the CPMU software installed [2], processing can be completed, giving the customer a velocity profile within a few minutes of the firing. A typical output is shown at Appendix C.

The present system, although working, is getting antiquated, relying on an old PC and unsupported hardware. Timing is taken from Satellite GPS timing. Inter Ranges Instrumentation Group (IRIG) B format is used, which is 100 pulses per second, over a 10ms index count, 20% of which is the count, the remaining 80% being synchronisation [3].
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The aim of this proposal is to consider a new and innovative way to measure the velocity of TI’s on the track.

Customer future requirements are for higher velocities, requiring an increase in LTT length.

The replacement solution must be able to:

· Measure velocities from 20 to 1500 m/s.
· Provide velocity data (peak and velocity at target) within minutes of firing.
· Be reliable and low maintenance.
· Be robust enough to survive a close encounter with a sled passing over it at Mach 3.
· Allow the firing point to be placed anywhere along the length of the LTT (20 firing posts are available allowing the launch point to be anywhere between 0 and 1300 meters along the track) [4].
· Timing in seconds to be accurate to 5 decimal places. (IRIG B timing required) [3].
· Be expandable to ‘future proof’ the possible increase in track length.
· Should not interfere with the test item.

[bookmark: _Toc485139320]Project Structure

This project is being considered in two parts.

The first part is to make the current system more ‘robust’. The coil and magnet system is functional and fit for purpose. The replacement of the CPMU hardware is paramount, although other detection methods will be considered.

The second part of the project is to try to capture velocity measurement at a fixed point along the track, instead of the current method of extrapolation between two points.
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Batteries and other sources are not allowed on the sleds extra to any TI on-board power supply.

The solution should not interfere with the TI or pusher sled (Failure or damage will require a reshoot at QinetiQ’s expense).

The LTT Operating Plan is to be followed at all times [5].









2. [bookmark: _Toc485139322]Possible Solutions

A number of solutions have been considered:

1. Do nothing and consider replacement when the monitoring system fails.
2. Replace the system with a like-for-like replacement.
3. Replace the existing system with an acoustic monitoring one.
4. Optical detection.
5. Use Doppler radar.
6. Use laser range finding.
7. Use accelerometers and either, an on-board data logger, or telemetry.
8. Air speed pitot tube and either, data logger, or telemetry.

[bookmark: _Toc485139323]1. Do nothing

This option has been discounted. The email trail at Appendix B [6] shows that concern has already been raised about the continuing reliability of the CPMU hardware, software and PC. Although a number of velocity measurement techniques are available to capture velocity over a short range (nominally at the butts for on target velocity comparison), the coil, magnet, and CPMU is the only method by which the velocity profile is available for the full track length. 

Furthermore the CPMU output is sent to the LTT Management Team, who compare the predicted, and actual plots, and refine the prediction for similar tests.
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The original CPMU software has evolved over the last 40 years [1]. The hardware was a special ‘one-off’ build by Rapco Electronics and is no longer supported. Once the CPMU fails there are no components available to repair it. Spectracom who merged with Rapco [7] no longer offer a pulse counter system and would need to be contracted to build one special to type.



The software output consists of three sheets (Appendix C):

· Velocity table
· Velocity / Distance graph
· Acceleration / Distance graph

The plot detailed at Appendix C is the unclassified departmental test of a rocket motor which has been used to compare the performance of a new batch of rocket motors.

The acceleration plot is ‘coarse’ due to the coil spacings, and is normally only provided to the customer for information. No verifiable data can be gained from this plot. Velocity is calculated using the distance time formula across any pair of coils, and tabulated.

The coil alignment on the track is essential and a magnet on the bottom of the test item carrier sled passes within 3 – 7 mm of a coil fixed to the sleeper of the track. Coils have to be gauged regularly to ensure the tolerance is within acceptable limits. Losing a magnet results in the loss of velocity data.
The Commercial of the Shelf (COTS) pulse counters detailed at Appendix E [11][12] are typical of the current availability of such equipment. In all these cases the equipment count, and in some cases display the number of pulses in a set time, but will not count and store the time interval between the individual pulses, which is what is required.

[bookmark: _Toc485139325]3. Acoustic Monitoring

For this solution the coils would be replaced by acoustic detectors. These are essentially blast gauges which are already available in QinetiQ Pendine. They can be mounted on the pedestal of the track either on the centre line, or offset. The generated signals could also be returned to the range control building on the existing cabling infrastructure.

Instead of calculating the velocity over a distance / time base, the rise time of the pressure wave can be used to calculate velocity at set points along the track, equivalent to the current coil system to allow for direct comparison with the current setup. Only the position along the track (distance from firing point) needs to be recorded.

A suitable replacement for the coils would be the A Type Piezo-Electric blast gauge. This gauge works on the principle as described by Michael Courtney in his paper on Acoustic methods for measuring bullet velocity.

It is observed that the initial triggering of the microphone (in this project, a break-wire), and the triggering of a second microphone (in this project, a number of blast gauges), and calculating the time taken from one to the other. Calculations can be done from gauge to gauge, similar to the present coil system.

Blast gauges are essentially Piezoelectric crystals in a robust housing.

The Piezoelectric effect is observed when there is an appearance of an electrical potential (voltage) across the sides of a crystal when you subject it to mechanical stress, in this case caused by the pressure wave. 

Squeeze certain crystals (such as quartz) and you can make electricity flow through them. In practice, the crystal becomes a kind of tiny battery with a positive charge on one face and a negative charge on the opposite face; current flows if we connect the two faces together to make a circuit.
Normally, piezoelectric crystals are electrically neutral: the atoms inside them may not be symmetrically arranged, but their electrical charges are perfectly balanced: a positive charge in one place cancels out a negative charge nearby. However, if you squeeze or stretch a piezoelectric crystal, you deform the structure, pushing some of the atoms closer together or further apart, upsetting the balance of positive and negative, and causing net electrical charges to appear. This effect carries through the whole structure so net positive and negative charges appear on opposite, outer faces of the crystal.
The output of the sensor is further increased by calibrated charge amplifiers which increase the signal to a nominal 10V, subject to the correct calibration factors being used.
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For this solution the coils would be replaced by optical detectors. They can be mounted on the pedestal of the track either on the centre line, or offset. The front TI sled would cause a shadow, changing the resistance of the detector. The generated signals could also be returned to the range control building on the existing cabling infrastructure.

A number of optical measurement options are discussed by Garry Berkovic and Ehud Shafir, in their Optical Methods for distance and displacement measurements. [14]

Instead of calculating the velocity over a distance / time base using a magnet, the optical return can be used to calculate the velocity. 

Paragraph 2.1 [14] details Intensity based sensors, which are the simplest and most often used methods of detection. They consist of a light source and a detector. Two possible scenarios are:

· Detector on the track, and source on the vehicle (sled) – Positive going pulse.
· Detector and source on the track, with beam breaking device on the sled – Negative going pulse.

Paragraph 2.3 [14] details laser time of flight sensors, which, are only accurate at distances over 50 m at most. At distances below 50 m the pulse length is greater than the round trip transit time of the pulse, and is dependent the on pulse width compared to the time of flight. This technique would be difficult to achieve, given the sled configurations, and relative sizes described below, and there is the requirement for powering the source and detector either at trackside or on the vehicle.
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This idea would be similar to that used in speed monitoring equipment. A radar would need to be placed at one end of the track. A number of issues arise:

Range standing orders do not allow the use of transmitting equipment in the range danger area.
The pusher sled (recovered), sustain sled, and carrier sled, are separated as they travel down the track.

From the rear the pusher sled tends to be larger than both sustain and carrier sleds. The rockets’ efflux is also ionised causing an obscuring plume.

The image below shows the potential problem of pusher and sustainer relative sizes.

[image: ]
Figure 1 - Image showing sustainer and pusher sled at firing point.
Image Ref:DSCF8181

From the front the catcher butt and target (possibly steel, or reinforced concrete), obscure the track.
The pusher sled is recovered from the track using a water brake system. A large plume of water is generated.

A Weibel tracking radar [16], or DRX radar [17] have been considered.

Weibel can track rounds from muzzle to approximately 2000m dependent on size. DRX can track rounds to a distance of 5000m dependent on size.

These two pieces of equipment would be unsuitable for this testing as they have narrow acceptance angles (~5°), so would need to be in line with the test items. Damage from rocket motors, or obscuration, by the pusher sled, and /or target are inevitable. There would also be the issue of tracking multiple objects. Towards the end of the track there are potentially three possible targets, travelling at different velocity and separated. The main pusher can be slowing in the water-break, the sustainer could be burnt out and slowing due to aerodynamic drag, whilst the TI is moving slighty quicker towards the target.

Hybrid Tracking Platforms (HTPs) [18] offer a potential solution. Designed primarily for tracking aircraft in Skin or Beacon mode, and having a Phantom HSDV camera collocated, with the potential to be offset from the track, and out of direct danger, these 3-man operated equipment are in demand at all air ranges, including overseas, and availability is limited.

The image below shows the typical setup of the HTP, not shown is the lab and lorry to control and move this equipment.

The tracking radar dish can be observed at the front, the optical tracking camaera to the top. Not clear in this image is the Phantom HSDV camera.

It should be observed that the HTP is used to track aircraft at a distance (Figure 2 over is taken at Farnborough International Air Show). In this scenario air danger areas and no fly zones were being maintained. In the case of the LTT the ground is unsuitable for deployment of this equipment as line of sight is soon lost, the use of a high powered radar transmitter, directing a narrow beam at a potential explosive hazard, and the fact of placing the 3 man operating team in the danger area precludes the use of this equipment.





[image: H:\BEng stuff\BEng Yr 3\Project\HTP.JPG]
Figure 2 - Image showing the typical deployment of a HTP.
Image Ref: QinetiQ.com/twitter/Farnborough Air Show.
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This idea is similar to the Doppler radar, and is unfeasible for similar reasons, mainly of obscurity. Laser Operation Code of Practice [18] would have to be followed. Obscuring / dispersing clouds of efflux and water are generated.

Laser dispersion will occur when the laser beam which is already diverging, although very little. An experiment carried out by S.A Akhamov, et al [22] for lasers passing through different mediums, and densities of media, quantifies the amount of divergence. Their experiment does not cover rocket efflux, but it does cover densities of water in air and water itself.

As LTT firings almost invariably end up with either large quantities of airborne water from the pusher sleds, or vortices from the TI and sustain sleds, as well as the operation of lasers makes this option unviable.
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The use of accelerometers has to be designed in at the start of the test. They would need to be specified and then fitted inside the test item by the customer with flying leads to allow for termination to the telemetry transmitter or data logger.

Accelerometers measure acceleration, not by calculating how speed changes over time, but by measuring force. They do that, by sensing how much a mass presses on something when a force acts on it. This is based on Newton’s Second Law where Force = Mass x Acceleration. If you know the force and the mass, then acceleration can be calculated. [19]

There are number of different types of accelerometers.

Mechanical Accelerometers

One type of mechanical accelerometer has something like a mass attached to a spring suspended inside an outer casing. When it accelerates, the casing moves off immediately but the mass lags behind, and the spring stretches with a force that corresponds to the acceleration. The distance the spring stretches (which is proportional to the stretching force) can be used to measure the force and the acceleration in a variety of different ways.

Piezo-electric Accelerometers

Piezo-resistive – An alternative design of mechanical accelerometer measures force not by stretching a spring but by generating electrical or magnetic signals. In piezo-resistive accelerometers, the mass is attached to a potentiometer (variable resistor), and an electric current is generated according to the size of the force acting on it. 

Capacitive – Capacitors can also be used in accelerometers to measure force in a similar way: if a moving mass alters the distance between two metal plates, measuring the change in their capacitance gives a measurement of the force that's acting.



Hall-effect Accelerometers

In Hall-effect accelerometers, force and acceleration are measured by sensing tiny changes in a magnetic field.

Semi-conductor Accelerometers

Semi-conductor accelerometers (the sort found in mobile phones) are based on microchips, with all their components chemically etched onto the surface of a piece of silicon, with the various different electrodes and electrically conducting layers made from different types of "doped" silicon (n-type and p-type).

It should be noted that in order to recover the data from accelerometers then either, a data logger, or telemetry package, as well as the accelerometers themselves will need to be incorporated into the initial TI design. 

Telemetry - The velocity data would be unavailable until downloading and post-trial processing had taken place.

Datalogger - The velocity data would be unavailable until recovery of the test item had taken place, and the data logger recovered. This technique is normally only used on penetrator type tests where there is a ‘soft’ catch, and the store recovered. Fully destructive testing would result in the destruction of the data logger.
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The use of air speed indication has to be designed in at the start of the test. It would need to be specified and then fitted into the test item by the customer with flying leads to allow for termination at the telemetry or data logger. The velocity data would be unavailable until recovery and downloading had taken place. The pitot tube could disrupt the airflow around the item under test.

The speed of a vehicle relative to the surrounding air is a critical part of operation and performance analysis. No direct method is available for measurement of velocity relative to the air so instead the velocity is inferred from measurements of dynamic pressure. [20]

Various forms of dynamic pressure can be obtained depending on the instruments used to measure the pressure and the speed range of the vehicle. All instruments rely on knowledge of Standard Atmosphere properties.

The primary atmospheric properties can be expressed in the form of ratios compared to Sea Level conditions. As air density cannot be directly measured and static pressure measurements are subject to error, airspeed indicators use ISA conditions.

It should be noted that for transonic and supersonic vehicles additional compressibility corrections may need to be applied. If shock waves form in front of the pitot tube then total pressure will become inaccurate due to shock losses.

There is thus a translation sequence between the observed speed on the vehicles instruments and the actual speed of the vehicle. For subsonic vehicles, airspeed indication is preferred, whereas for Supersonic velocities where the shockwave forms in front of the pitot tube, extra correction factors are required and Mach Speed indication is the preferred option.

At ground level the flow of air to the pitot tube is disrupted [21], in addition to the shock losses generated at Mach speeds.
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Both data loggers and telemetry are highly expensive, technically complex, and rarely undertaken on any trial.

Data Loggers
The use of a data logger is a significant choice. The TI would have to be modified in such a way that the logger would fit in a special cavity, and be recoverable after firing. Current estimates put simple data loggers at around £25,000 [8].

Telemetry
The use of telemetry requires the building of a non-recoverable transmitter unit. The TI has to be modified to accept the telemetry pack. Appendix D shows the cost of a simple FM-FM telemetry module from the last trial that telemetry was used [9].

Significant amounts of testing are required to ensure the transmission is safe, and does not affect the TI. Solid state relays, and a pull out short circuit connector are used to hold the transmitter off until the TI moves [10].




3. [bookmark: _Toc485139332]Preferred Options

Of the eight considered options described in paragraph 2 there are two options that are clearly the optimal in terms of cost / time.

It has already been discussed that doing nothing is not an option.

Replacing the equipment with a bespoke custom built pulse counter would be possible, although costly, and the software would need to be rewritten.

Of the remaining options, the options where telemetry and /or data loggers are required would require a significant investment from the customer at a time of defence spending cuts. The use of laser or Doppler to calculate the velocity has the issue of obscuration of the wave paths, causing corrupt or even lost data, and the velocity profile would not be available in minutes.

Of the remaining two options; acoustic monitoring, and optical detection, either is feasible. 

Optical detection

Optical detection could easily be achieved as an in-house solution. Off the shelf components are available to manufacture the amplifiers and line drivers. The use of a PIC and code could be used to replace the CPMU unit. Calculations for velocity would be made using the distance between detectors and time taken. A reflective surface may need to be incorporated onto the carrier sled at the design stage to give a good response.

Accoustic Monitoring

Acoustic monitoring is achievable with components already available. Using the rising edge of the pressure waveform, analysis of the steepness of the rising edge should directly correlate to the velocity of the sled. The use of a PIC and code could be used to replace the CPMU unit.

In this case the pressure sensor would be Commercial Off the Shelf (COTS). Further evaluation would have to be done to select the optimal response characteristics of the sensor.

Alternative recording option

An alternative recording option is the use of the Genesis Data Acquisition System. This equipment can accept inputs from a number of different sources. Signals in excess of 100 Volts can be handled. It also has a suite of built-in formulas that can be used to process data as it is received, and has an IRIG B input for clocking.

Both the above methods could be recorded with this equipment.

Sled Separation

In both of the cases the one factor which needs consideration above all else is the separation of pusher and sustain vehicles. At launch the vehicles are together in a train. Once burnt out the pusher sled begins to slow, the sustainer is ignited and accelerates away. The pusher is stopped on the track by a water brake, and arrestor ropes. This has the potential to generate double signals.

Of the two final options it is preferred to go for the acoustic measurement solution. Equipment held and operated by QinetiQ can be utilized to prove the concept without affecting the installed measurement system.

Direct comparison was undertaken during trials, or departmental tests.





4. [bookmark: _Toc485139333]Development

Development of Stage 1 and Stage 2 of the project has been undertaken concurrently. The availability of a suitable departmental trial to carry out the test precluded the use of the circuit design, as the development of the circuit could not be achieved before the site acceptance test was conducted.

The circuit was constructed and tested using simulated waveforms, replicating those that were observed during the trial.

[bookmark: _Toc485139334]Methodology
[bookmark: _Toc485139335]Trial Implementation

The dynamic firing of a single Denel Rocket Motor from Track Zero of the Long Test Track was conducted on Central 9 Range at QinetiQ Pendine on 16th February 2017.

[image: 4Z051_032]
Figure 3 – Denel Rocket Motor at Track 0.

Two Phantom High Speed Video Cameras were deployed, one to record the ignition of the rocket motor at track zero and one at the butts observing the point where the sled entered the catcher box.

The Denel Rocket Motor was initiated by the Long test Track firing system via the Sequence Timer.

The velocity profile of the sled along the entire track length was recorded using the Coil Pulse Monitoring Unit and is detailed at Appendix C.

A Genesis Data Acquisition System was deployed to capture coil data, break-wire data with break-wires co-located with the final five coils along the track (Coils 153 – 157), and Type A Blast gauges to record the pressure wave co-incident with coils 154 and 155. The trial layout is detailed at Appendix I.

The number of gauges was reduced from four to two because of trial demands. The break-wire data is included to supplement the gauge data.

The signals from the gauges is not particularly large, and therefore the gauge output is amplified by a bank of charge amplifiers, calibrated to give a 10V Peak output, depending on the expected pressure characteristic.

The predicted Peak speed was expected to be 730m/s (Mach 2.14) at 630m. At 1450m the speed was expected to be 285m/s (Mach 0.84). [23]

The bow wave pressure below the front of the vehicle is roughly  where p is 1.225kg/cum i.e. 285m/s = 99.5 kPa; so the predicted bow pressure was expected to be >300kPa. The charge amplifier output was calibrated to 50kPa / volt.

It was expected that the pressure pulse would not shock the gauge at Mach 0.8 but its rise time would be quite sharp, being limited by the size of the active area of the Type A gauge of ~ 25mm/285 = 88uS. This limited the accuracy of the measurement of arrival time to around ± 10uS but with 10m spacing this is approximately 0.03%. [23]

Appendix I contains the schematic layout and engineer worksheets for the setup of the test. The blast gauges are not included as they were in addition to the scheduled departmental test, but were located adjacent to break-wires 2 and 3.
[bookmark: _Toc485139336]Equipment Selection

The following equipment was used during the trial for capturing the velocities for the three different ways of speed / time data capture.
Qty
LTT Sequence Timer and Range Recording Equipment	1
LTT CPMU and coils	1
Genesis Data Acquisition System	1
Kistler Charge Amplifiers	1
Genesis Laptop	1
Type A Blast Gauges	2
100m Low Loss Coaxial cables	2
100m Coaxial Cables	5
12V 16 Channel Break-wire Box	1
Kistler Charge Calibrator	1
Phantom HSDV Cameras	2

Figure 4 below shows the trial setup in the forward instrumentation building.
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Figure 4 – Image showing Genesis DAS, Kistler Charge Amps, Laptop, Charge Calibrator, and break-wire box to rear left.	Image Ref: DSCF6962.

[bookmark: _Toc485139337]Stage 1 Component Selection

Initial selection of components was carried out with the express intention of replacing the current CPMU, replacing a number of coils with break-wires, and blast gauges.

It was concluded fairly early that the use of a PIC would be the best choice. The PIC16F18313 was identified, but it was unavailable in Proteus for circuit design and simulation. A number of other suitable chips were identified and their performance compared on paper. 

Table 1 below details the devices that were considered.

	Device
	RS Stock No.
	Sample Speed
(MHz)
	SRAM Available
(bytes)
	Comments

	PIC16F18313
	916-3734
	32
	256
	Not available in Proteus

	PIC12F683
	623-0178
	20
	128
	

	PIC12F675
	544-1692
	20
	64
	

	PIC12F629
	817-3752
	4
	64
	Too slow

	PIC12F1840
	743-2697
	32
	256
	

	PIC12F1822
	703-7888
	16
	128
	

	PIC12F1571
	814-3067
	16
	128
	

	PIC12F1572
	807-3823
	16
	256
	


Table 1 – Comparison of prospective PIC devices.

Appendix F details the data sheets for the considered PICS, before the selection of the PIC12F1840. Only the first two précis sheets of the excluded options are inserted.

The table (table 1) above details the main comparison undertaken. The initial design of the code and circuit was to operate at the highest possible clock speed and to dynamically write the data to the SRAM of the PIC. To this end the PIC with the highest clock speed and available SRAM was the PIC 16F18313.

As this component was unavailable in Proteus, this precluded it from further consideration as the simulation and testing was to be undertaken and the code written using the CCS compiler. Appendix J details the final code.

Following the paper sift of potential devices the PIC12F1840 was selected. This was considered to be a device with similar performance to the originally identified PIC16F18313. It can be seen from Table 1 above that it is comparable.

Blast Gauges

The availability of blast gauges was an issue due to trial commitments. The options were the Type A, which resemble the existing coils and can be fitted between the tracks or clamped to the side on a sleeper. The alternate was the B12, which is a paddle (bat) type of gauge and requires a specific stand and clamps for use. The Type A was selected, as these can be placed on flat surfaces and clamped into place temporarily whilst the project is at the experimental stage.

[bookmark: _Toc485139338]Stage 1 Circuit Design Schematic
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Figure 5 – Circuit Diagram.

The circuit detailed at figure 5, is the circuit design that was constructed, boxed, and tested.

The PIC has a capacitive smoothed 5V supply from the 7805 Voltage regulator. This is limiting a 9V input from a power supply. 

For college testing a bench power supply was used, whereas in reality a filtered mains voltage input will be rectified and regulated down to 9V, before further regulation to 5V for the input to the PIC.

The setup of the PIC is:

· Powered on pins 1 (GND) and 8 (+5V), which are not shown on the diagram.
· Pin 2 is held high by the 10KΩ resistor, until functioned and held low for the outputting of the results.
· Pins 3 and 4 are connected to a virtual scope in the schematic, but during testing these two lines are connected via USB connector to the PC for the eventual output of the data.
· Pin 5 is not required.
· Pin 6 is the input from the pulse inputs, held high by the 10KΩ resistor, until pulled low by one of the four VN2222 MOSFETS (Q1 – Q4), on receiving a pulse.
· Pin 7 is the initial movement break-wire input. This line is held low until the vehicle moves, when the break-wire is broken, taking the pin high, starting the timing and pulse counting.

MOSFETS Q1 – Q4 are required to allow for separate inputs from different sections of the LTT. The Sources (pin 1) are connected to ground, with the Drains (Pin 3) connected in parallel to Pin 6 of the PIC (pulse in).

On receipt of an input voltage on the Gate (Pin 2), through any of the connectors J1 – J4 the relevant MOSFET will fire, causing a low on the Pin 6 input of the PIC. 

Zener Diodes D1 – D4 are rated at 20V, so the signal on the FET Gate will not exceed this level. The potential input signal is between 2V and 80V. On the actual circuit these components are BZY85c Zener Diodes, also rated at 20V.

Resistors R1 – R4 are 1KΩ pull down resistors and are used to hold the Gate of the MOSFET low, until a pulse is generated.

Connectors J1 – J5 are BNC panel mount through termination connectors. 

The Output Results Switch is a single pole push button latch switch that is operated to put 0v onto pin 2 of the PIC, causing the stored outputs to be written to putty via the flying USB lead.

The Switch on the power line is a representation for the bench power supply and in reality is a mains input switch, which is fused and filtered.

Circuit Construction

On completion of the Proteus testing and simulation the circuit was committed to Veroboard and a box and ancillaries sourced to finalise the project to a high standard.

Five edge connect BNC female connectors and five BNC female – female through panel connectors were sourced. The five connectors on the front of the box are for the Initial Movement Break-wire Input, and the others for four separate inputs, for coils, break-wires or blast gauges. These inputs are the triggers for the MOSFETS as described in the paragraphs above.

The mains switch on the rear panel is an illuminated, fused, and filtered all in one unit. The other switch is a latching switch to initiate the download of data when required. The black flying lead is the USB connection, connecting the output of the PIC to the Putty software on the PC.
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Figure 6 – Box construction top View
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The final code for the pulse counter circuit is detailed at Appendix J. A number of iterations of the code were considered. The initial design was to write the output values to SRAM of the PIC, but on downloading the results it was apparent that the SRAM memory was non-sequential and embedded code was being output within the data stream.

The code was altered so that the results were written to the EEPROM memory instead.

On power up the code runs through setting the counters and memory locations to 0. While the initial movement is short circuit the program runs without counting pulses.

When the short is removed and pin 2 of the PIC goes ‘high’ a 4 second count starts. On receipt of a positive signal on pin 6 of the PIC the timing is recorded and written to the High, Mid, and Low EEPROM memory locations. The message ‘running’ is output to the screen.

The pulses are counted for the 4 second period, but a maximum of 84 can be stored, with the final 2 being continually overwritten until the sequence completes. On completion the message ‘finished’ is output to the screen.

On pressing the ‘Output data’ button, the software routine is interrupted and the contents of the EEPROM memory are output to the screen as a series of incremental numbers and times to 6 decimal places in seconds.

The code will not re-set until the power is toggled and the last samples are stored until this time. 
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The coil results for the final 5 coils, the break-wire data, and the velocities calculated between the blast gauges is shown below. Data is taken from the CPMU output at Appendix C, and Genesis worksheets at Appendix I.

In all cases the velocity is calculated using the Velocity =Distance / time formula.

Coil Results

The velocity of the sled calculated using the coil system is detailed at table 2 below, with data taken from Appendix C.

	Coil No
	Coil Distance
(m)
	Difference
(m)
	Time
(ms)
	Velocity
(m/s)

	153
	1480.5
	5.218
	18.676
	279.40

	154
	1485.5
	5.064
	18.244
	277.60

	155
	1490.6
	5.027
	18.151
	277.00

	156
	1495.6
	5.031
	18.284
	275.20

	157
	1500.7
	5.115
	N/R
	N/R


Table 2 – Velocities measured using coils.

Note: the final coil did not register the magnetic field of the magnet. Further testing has shown this coil to have failed, and will be replaced at the next maintenance period.

Break-wire Results

The velocity of the sled calculated using the Genesis DAS and break-wires is detailed at table 3 below. Figure 7 over shows the results from the Genesis DAS. Timings are taken from the rising edge of the waveforms. Break-wires 1 and 4 show a little noise but this has not affected the results.


	Break-wire
	Distance
(m)
	Time
(ms)
	Velocity
(m/s)

	1
	0
	
	N/R

	2
	5.077
	18.220
	278.65

	3
	5.038
	18.177
	277.16

	4
	5.038
	18.213
	276.62

	5
	5.117
	18.621
	274.80


Table 3 – Velocities measured using break-wires.

Note: Break-wires were co-located with the coils. It should be noted that the magnet is on the rear of the vehicle, whilst the front shoe breaks the wire. In this case a separation of approximately 1m.

Blast Gauge Results

There is a significant attenuation of the blast returns due to the positioning of the gauges and TI. At the last minute it was decided that it was potentially dangerous to fit the blast gauges between the rails, so they were moved to the side and clamped to the sleeper.
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Figure 7 – Blast Gauge installation at side of rail.
Image Ref: DSCF6964.

From Image 1 earlier it can be seen that the vehicle sits low down between the rails, and therefore the rail is effectively deflecting the pressure wave away from the gauge. Instead of the predicted 300kPa, the gauge in effect only saw around 6kPa.

The velocity of the sled calculated using the Genesis and blast gauges is detailed at table 4 below.

	Gauge
	Distance
(m)
	Time
(ms)
	Velocity
(m/s)

	B1
	5.356
	18.186
	294.51

	B2
	5.206
	18.842
	276.29


Table 4 – Velocities measured using blast gauges.

The following graphs taken from the Genesis Data Acquisition System have been used to calculate the timings for tables 3 and 4 above. Timings have been taken using cursors from the break-wire 1, and the top of the first rising edge of the main pulse.

The raw, unprocessed data has been used for this evaluation. It should also be noted that the scaling of the two plots is different. Blast gauge 1 is scaled at +/- 500mV, whilst Blast gauge 2 is scaled at +/- 200mV, giving better resolution of the plot.

It should also be noted that there is a greater negative going pulse than positive.


Figure 8 – Plot of timings taken from break-wires.

Figure 9 – Plot of Break-wire 1 and blast gauge results.


Lab Testing

Having undertaken the testing and gathering the data shown above, the circuit was proven in the lab.

The PIC was programmed with the code as detailed at Appendix J, and inserted into the chip holder.

As it was not possible to power the circuit from the mains (not PAT tested), a red and black flying leads were soldered to the +5v and Ground (0V) lines. These were used to power the circuit from the bench power supply set to 4.8V.

From the results detailed above the output of the coils, break-wires, and gauges has been calculated at approximately 20ms or 50Hz. The function generator was set to a TTL square wave output of 50Hz duration. Although TTL is 5V the circuit is designed to take an input of 10V.

Further testing was conducted at 20Hz, as shown at figure 10 below.
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Figure 10 – Power supply and square wave output setup.

On power up the circuit waited until the initial movement break-wire short circuit was removed. The code started running and the output of the function generator was input to the first MOSFET only. (The MOSFETS are all wired in parallel, so any or all inputs will suffice). The message ‘running’ appears on the Putty window.

The pulses were counted for 4 seconds (the run time of the PIC), before the message ‘finished’ appeared in the Putty window. On pushing the Output Button on the rear of the box, the contents of the EEPROM memory were downloaded. The data was then saved into a Text Document format, which is then exported to Excel as a CSV file, where the pertinent data can be extracted.

The excel sheet at Appendix L compares two different runs of the same frequency. The anomalies appear to be a result of the function generator, and the clocking speed of the PIC.
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The correlation of the timing data between the coils and the break-wires gives credence to the test and the methods used.

The results from the Blast gauges are disappointing and a significant amount of time was spent looking for the peak of the blast wave (for consistency) on both waveforms. The timing results, when the waveforms were analysed compare favourably with the other data, although there is a 15m/s increase in velocity with gauge B1 when compared to the coils and break-wires.

Even if a greater amplitude waveform had been captured the rising edge of the pulse is noisy, and this could be down to a number of factors.

· The low level of signal being close to the noise.
· Potentially a loose cable in the capture equipment.
· The mounting of the gauges on a metal sacrificial rail could be picking up ringing as the TI approaches.
· The number of angles and reflective surfaces along the track causing unclean pressure waves which might be summing or cancelling.
· Damage to a cable which is running nearly 100m.

The test of the Pulse counter box in the lab was successful. Inputting a TTL signal at 20Hz into one of the inputs had the circuit counting 80 pulses in 4 seconds. The EEPROM memory can only store a maximum of 84.

The initial design was to count the pulses from the Blast Gauges, and during this test the circuit would have failed. The input of 200mV max would probably trigger the MOSFET but the amount of noise on each channel would have made the data meaningless and filled the PIC memory with garbage.

Analysis of the returns at Appendix L show the counter start is a little random. This is because during bench testing the function generator is constantly running whilst the circuit is waiting for initial movement. In reality the count would only start after the initial movement, and so the data would be captured sequentially, and this should improve the resolution at the start of any run.
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Blast Gauge Results

As detailed at Stage 1 there is a significant attenuation of the blast returns due to the positioning of the gauges and TI, with the vehicle sitting low down between the rails. Instead of the predicted 300kPa, the gauge in effect only saw around 6kPa.

The effective diameter of the Type A gauge is 25mm. The active area at 285m/s (predicted) of the Type A gauge is ~ 25mm/285 = 88uS. This limited the accuracy of the measurement of arrival time to around ± 10uS but with 10m spacing this is approximately 0.03%.

The velocity of the sled calculated using the Genesis DAS to analyse the rising and falling edges of the captured waveform is detailed at Table 5 below.

	Gauge
	Rise Time
(µs)
	Rise Time Velocity
(m/s)
	Fall Time
(µs)
	Fall Time Velocity
(m/s)

	1
	106.80
	234.08
	397.40
	62.09

	2
	181.05
	138.08
	391.87
	63.80


Table 5 – Velocities calculated from rising and falling edges of the waveforms.

The following graphs (figures 11 and 12) taken from the Genesis Data Acquisition System have been used to calculate the timings for table 5 above. The raw, unprocessed data (Blue trace) and filtered, processed data (Red Trace) have been used for this evaluation. It should also be noted that the scaling of the two plots is different to that used in stage 1. Both Blast gauges outputs are now scaled at +/- 200mV, giving better resolution of both plots.

Timings have been taken using cursors for both the rising and falling edges of both waveforms, using the filtered trace.

It can be seen that the plot for channel B1 is noisy, and even after filtering with a 3 kHz Bessel filter the trace is coarse. Channel B2 has improved. It is still noisy, but random spikes have been removed.

Appendix K details the Genesis DAS code used to capture, process, and filter the waveforms. Scalars have been taken from the Blast Gauge Calibration sheets, and are inserted at the start of the formulas. The Zero Trace Blast 1 and 2 Calibration samples 8ms of waveform before recording and averages it to give a baseline level.

Peak overpressure is calculated for both inputs, on a 1 second recording time, which in this case was triggered by the first break-wire. The filtered pressure is calculated using the peak pressure data, and filtering with a 3 kHz Bessel filter.




Figure 11 – Plot of blast gauge results raw and filtered.


Figure 12 – Plot of Blast Gauge 1 falling edge detail.
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Appendix K details the code used in the analysis of the waveforms. 

The results from the analysis of the Blast gauges waveforms are disappointing and a significant amount of time was spent looking for the base of the peak and the rising edge peak of the blast wave (for consistency) on both waveforms. 

Looking to the falling edges, although the waveforms are smoother when filtered the results were even further from the expected results.

The timing results, when the waveforms were significantly different from the coils, break-wires, and processed blast gauge time / distance calculations detailed at stage 1.

Table 6 below details the results of all the velocities measured in both stage 1 and stage 2.

	Coil No/ Break-wire/ Gauge
	Coil Velocities
(m/s)
	Break-wire Velocities
(m/s)
	Stage 1 Gauge Velocities
(m/s)
	Stage 2 Gauge Rising Edge Velocities
(m/s)
	Stage 2 Gauge Falling Edge Velocities
(m/s)

	153 / 1
	279.40
	-
	-
	-
	

	154 / 2 / B1
	277.60
	278.65
	294.51
	234.08
	62.09

	155 / 3 / B2
	277.00
	277.16
	276.29
	138.08
	63.80

	156 / 4
	275.20
	276.62
	-
	-
	

	157 / 5
	-
	274.80
	-
	-
	


Table 6 – Comparison of all measured velocities.

It can be seen from table 6 above that the correlation between the Coil velocities and break-wire velocities agree to an accuracy of 99.5%.



Analysis of the stage a 1 gauge velocities shows a B1 error of 5.7%, against the present accuracy which is quoted as 0.12%. The results of B2 are as expected and compare with the coils and break-wires. The B1 discrepancy could be down to a number of issues:

· The movement of the break-wire before the test.
· Recording error of distances during trial setup.
· Response time of the gauge.
· Inaccurate analysis of the waveform and getting the cursors in the ‘wrong’ place, due to the recording issues detailed in Stage 1.

The Stage 2 results are also disappointing. The analysis of the rising edge waveforms is difficult for a number of reasons:

· Response time of the gauge.
· Positioning of cursors on a noisy low level waveform (minor discrepancies at the velocities involved result in large errors).
· Unclear waveform definition, even after filtering.

The falling edge is more consistent for analysis. The low velocities (although consistent with each other) could be the result of the time taken for the whole vehicle to pass the gauge. This negative going wave is the result of the vacuum caused by the transit of the sled.

The large negative waveform was not expected and further analysis should be carried out to find any correlation between velocity, vehicle length, and pressure wave characteristics.




5. [bookmark: _Toc485139344]Conclusions and Recommendations

It can be concluded from the discussion at chapter 2 that the potential replacement ideas are limited, because of safety, site layout, practicality, or expense.

Capture of the coil data and break-wire data, proved to a high degree of accuracy to be consistent.

Processing of the blast gauge waveforms was dependent on being able to find the correct rising edge and peak waveform. The break-wire – gauge velocity was 15m/s different from the other methods. The gauge – gauge velocity proved more accurate. This is the result of working on compromised data.

It can be postulated that with a greater signal level, the rising edge could be used to trigger the MOSFETs. Even if a greater amplitude waveform had been captured the rising edge of the pulse is noisy, and this could be down to a number of factors.

· The low signal level being close to the noise.
· Potentially a loose cable in the capture equipment.
· The mounting of the gauges on a metal sacrificial rail could be picking up ringing as the TI approaches.
· The number of angles and reflective surfaces along the track causing unclean pressure waves which might be summing or cancelling.
· Damage to a cable which is running nearly 100m.

Construction of the circuit and enclosure has proved to be successful, and was tested with a representative waveform.

Of the option chosen for this project the data shows that practically there are a number of issues.

· The amplitude of the captured waveforms was much lower than expected, and therefore the available data was compromised from the start.
· The large negative going pulse was unexpected.
· No account has been taken of double returns if more than one sled passes a gauge.
· The mounting of the gauges on a metal sacrificial rail could be picking up ringing as the TI approaches.
· The number of angles and reflective surfaces along the track causing unclean pressure waves which might be summing or cancelling.
· Potential loose / damaged cable which is running nearly 100m.
· The rising edge of the pulse is noisy, and requires further investigation.

It is recommended that until further testing can be undertaken:

· The coils are to be retained for use in velocity measurement.
· The circuit should be improved to capture 250 – 300 timing pulses, so a backup of the present CPMU system is available.
· Another trial should be conducted to improve the quality of the captured data.






6. [bookmark: _Toc485139345]Future Improvements

The future improvements required are dependent on the results of further testing as recommended in chapter 5.

If the circuit was to be used to replace the existing CPMU then:
· The PIC needs to be changed to be able to store 250 – 300 timing pulses (as is currently the case on the existing system).
· The output of the PIC should be easier to process as it’s inefficient copying and pasting data between software packages for processing.
· Fitting a panel mount USB connector for neatness and to prevent damage to the flying lead.
· The sourcing of a suitable PC / Laptop and installation of required software to complete the installation on the LTT.
· PAT testing of the box so that filtered mains power can be used rather than power supplies or batteries.
· Improve the software so that captured timings are processed automatically.
· Complete the box so that connectors are labeled, and circuit board is more solidly mounted.

If the Blast gauges are to be used to capture the pulses:

· Improve mounting to avoid ringing.
· Look to mounting gauges between the tracks for better signal returns.
· Improve the pressure prediction for the gain of the charge amplifiers to maximize signal amplitude.





7. [bookmark: _Toc485139346]Reflection

On reflection this project has required a significant amount of time and effort to come to fruition. The availability of a suitable trial to conduct the data capture meant that the circuit was not ready before the test.

With only a single shot to capture data, the pressure to get it correct was high. As it turned out the last minute change of positioning of the blast gauges resulted in the less than satisfactory quality of signal, with no chance of repeating the test and compromised the output of this report.

The use of Proteus and CCS Compiler has brought old circuit design skills up to date. The code has caused a few issues, and further work is required to become more competent. The building of the circuit was more in the comfort zone, recalling old skills gained in previous employment.

There are ongoing issues with the age and reliability of the current LTT velocity monitoring system, and undertaking this project has increased the confidence to build an in-house replacement system, rather than source a system externally.
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Figure 13 – Kistler Charge Amplifiers
Image Ref: DSCF6960
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Figure 14 – Coil, Break-wire and Blast gauge setup.
Image Ref: DSCF6965
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Figure 15 – Coil, Break-wire and Blast gauge setup.
Image Ref: DSCF6966
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Figure 16 – Kistler Charge Calibrator
Image Ref: DSCF6961
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[image: C9 LTT Cabling]

Figure 17 – LTT Cable Plan
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Cheers Fraser…. I think! 
Quick win is to get an IS tasking in for an updated computer (with XP operating system as an extra)– can you sort? Also can you look into how difficult the CPMU software can be upgraded to work with newer operating systems  (software configuration, bench tested etc?) – Aberporth/Howard Sandford???
Andrew Leahy - Operations Manager, PENDINE RANGE
Direct: 01994 452289
Mobile: 07747757089
Email: ajleahy@QinetiQ.com

www.QinetiQ.com
People Who Know How 

Connect with us: Read our blog | Follow us on LinkedIn | Like us on FaceBook | Follow us on Twitter
From: McMillan Fraser 
Sent: 24 September 2014 10:45
To: Leahy Andrew J
Cc: Phillips Peter E; Herbert Stephen Duncan
Subject: C9 LTT PC concern
Andrew,
First may I offer my congratulations on your new role.
I guess this might now fall under your remit, we have a concern over the PC on C9 which has all the software for the Coil Pulse Measurement Unit (CPMU).
I have a backup of all of the software but I believe we need to start looking into a replacement. One problem will be, I believe, that the software will only run on Windows XP.
Best regards,
Fraser Mcmillan - Report Delivery Manager, PENDINE RANGE
Direct: 01994 452228
Email: fhmcmillan@QinetiQ.com

www.QinetiQ.com
People Who Know How 

Connect with us: Read our blog | Follow us on LinkedIn | Like us on FaceBook | Follow us on Twitter
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Table 7 – Output generated by CPMU for departmental trial.
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Figure 18 – Graphical representation of Velocity and Distance.
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Figure 19 – Graphical representation of Acceleration and Velocity.
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							       Date: 22nd July 2011
Mr Peter Phillips
Room 2, Bldg 147,
QinetiQ MoD Pendine
Llanmiloe 
Carmarthenshire SA33 4UA	(Tel: 01994-452203/232/342)		

QUOTATION E-752
Dear Sirs
Telemetry Consultants Limited offers to supply the equipment quoted herein.
---------------------------------------------------------------------------------------------------------------------------------
  Item:	Quantity:		Description:				    Unit Price     :	   Total
-------------------------------------------------------------------------------------------------------£-------------------£----
	1	1 – 4	Ramona Research Model TDL2A Telemetry Transmitter,	    £4,020.00
			2 watts RF output, selectable frequency in 0.5 MHz steps 
			over the range 1430 to 1450 MHz. TNC connector
	2	1 – 4	Haigh-Farr Model 6010 Blade Antenna	       £523.00
			with SMA connector					       	1430 – 1540 MHz.
	3	1 – 4	Quad Tron FM Multiplexer consisting of:	     £4,805.00
				1 x M450-6 Six way mounting platen
				5 x 450V1 VCO – IRIG Channels D,F,H,J &L
				1 x 450M2P Mixer/Amplifier with amplitude adjustment pot
Notes:

Validity: This quotation is valid for 60 days from the above date.

Delivery: 130 days ARO 

Export Controls: End destination and end usage of the product must be advised at the time of ordering

Payment Terms: Net 30 days from date of invoice

Prices:	Prices quoted are: 	Excluding VAT
				Including Import Duty
				Including delivery to QinetiQ Pendine

Warranty: The warranty period will be 12 months from the date of delivery. 

SIGNED  

T. Boucher
For and on behalf of Telemetry Consultants Limited.
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Pulse Counter
	The Pulse Counter block, counts the number of non-zero inputs it receives. There is a start/stop pin to initiate and pause the count, and also a reset pin to set the count back to zero. Any non-zero input on the pulse input pin, is considered a pulse and will be counted when the count is enabled.
	


Input Pins
	Name
	Format [int/dec] - [control/audio]
	Function Description

	Pin 0: Start/Stop
	int - control
	When this pin is high, the algorithm is counting the Pulse input. When it is low, the algorithm holds the last count value

	Pin 1: Reset
	int - control
	When this pin is high, it clears the count value back to zero.

	Pin 2: Pulse Input
	int - control
	Input signal to monitor and count pulses


Output Pins
	Name
	Format [int/dec] - [control/audio]
	Function Description

	Pin 0: Count Output
	int - control
	Count Value indicating number of pulses


Algorithm Description
The purpose of the Pulse counter, is to count the number of pulses during a specified amount of time. The time is dictated by the signal on the start/stop pin. When the start/stop pin is high, the algorithm is counting pulses, otherwise the last count value is output. The reset pin clears the count value and counting can resume from 0 whenever the start pin is high. 
The graph below shows the interaction between the start/stop and reset pins when a pulse train signal is present on the Pulse Input pin. The reset signal is in red. The start/stop signal is in blue, and the counter output is the second graph in yellow.

[image: https://wiki.analog.com/_media/resources/tools-software/sigmastudio/toolbox/counters/pulsecounterpic2.png]
Example
The Pulse Counter is very useful to use with the Value Cross Detection algorithm. For an application in which you need to monitor the number of value-crossings (zero-cross counter) during a specified time the two blocks together can help achieve this. The following image uses a sine tone input, on/off switches, Pulse Counter, Readback cell, and GPIO output.

[image: https://wiki.analog.com/_media/resources/tools-software/sigmastudio/toolbox/counters/pulsecounterpic3.png]



Algorithm Details
	Toolbox Path
	Counters - Counters - Pulse Counter

	Cores Supported
	AD1940 
ADAU170x 
ADAU144x 
ADAU176x 
ADAU178x

	“Grow Algorithm” Supported
	no

	“Add Algorithm” Supported
	no

	Subroutine/Loop Based
	no

	Program RAM
	12

	Data RAM
	3

	Parameter RAM
	0
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#include <main.h>
   unsigned int point=0 ;
   unsigned int values, ended=0;
   unsigned long int run_time=0,overflow_counter=0,overflow;
   unsigned long long result;
   float final_result;
   char		rh,rm,rl;
#INT_TIMER2
void  TIMER2_isr(void) 
{
    overflow_counter++; 
    run_time++; 
}

void main()
{
   char q,clear=0;
   unsigned int hb,lb,mb, inter;
	setup_timer_2(T2_DIV_BY_4,255,16);			//256 us overflow, 4.096 ms interrupt
	enable_interrupts(INT_TIMER2);
	enable_interrupts(GLOBAL);

   for (q=0;q<255;q++)
	 {
	    write_eeprom (q, 0);               // store the high byte
	 } 

	while(TRUE)
	{

/*		//Example blinking LED program
		output_low(LED);
		delay_ms(DELAY);
		output_high(LED);
		delay_ms(DELAY);

		//TODO: User Code
	*/   


	   while ((!input(Bw)) || (ended==1)) 
	      {

		 if (!input(PIN_A5))				// display results on terminal full 84
		     {
			point=0;
			while(point<253)
			   {
			     rh= read_eeprom(point); 		// get high order byte
			     point++;
			     rm=read_eeprom(point); 		// get mid order byte
			     point++;
			     rl=read_eeprom(point); 		// get low order byte			
			     point++;	
			     result = rh;		//  calculate value of count for high order overflow byte
			     result*=256; 
			     result+= rm; 			// add the value of the low order overflow byte
			     result*=256;			// move the overflow values to the correct place 
			     result+= rl;			// include the low order byte
			     result*= 16;			// number of clock ticks / count
			     
			     final_result=result;
			     final_result=final_result * 1.6;		 // number of microseconds taken
//			     printf("%x %x %x  Reading -%U- = %LX- %F uS\n\r",rh,rm,rl, (point/3),result,final_result); 
			     printf("%U %F \n\r", (point/3),final_result);			      
			      
			   }
			
		     }
		 
	       }
	   printf("running\n\r");
	   set_timer2(0);    //reset timer2.
	   overflow_counter=0;
	   run_time=0;
	   point=0;	   
	   while(run_time<977)						// run for 4 secs
		  {
			if(!input(Sin))
			   {
			      if(!clear)
				 {
				   					// get the values immediately
				    lb=get_timer2();				// get current counter value
				    overflow=overflow_counter;			// get current overflow value
				    inter=(overflow/256);		// get and store overflow 16 bit value
				    write_eeprom (point, inter);               		// store the high byte
				    point++; 				// increment eeprom memory
				    inter=(overflow-(inter*256));			// store mid byte
				    write_eeprom (point, inter);              		// store the midbyte  byte
				    point++;					// increment eeprom memory
				    write_eeprom (point, lb);  			// store the lower byte
				    point++;					// increment eeprom memory
				    clear=1;
				    if(point>252) point=249;	// maximum 84 readings wrap any overflow
				 }
			   
			   }
			 else clear=0;
			    
		     
		     
		  }
	   printf("finished\n\r");
	   ended=1;
	   
	       }

}
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1.0  DEVICE OVERVIEW

The PIC12(L)F1840 are described within this data sheet
‘They are available in &-pin packages. Figure 1-1 shows a
block diagram of the PIC12(L)F1840 devices. Table 1-2
shows the pinout descriptions.

Reference Table 1-1 for peripherals available per

device.
TABLE DEVICE PERIPHERAL
SUMMARY

L
Peripheral E

I}

T
ADC .
Capacitive Sensing (CPS) Module .
Data EEPROM .
Digitai-to-Analog Converter (DAC) .
Digital Signal Modulator (DSM) .
EUSART .
Fixed Voltage Reference (FVR) .
SR Latch .

Capture/Compare/PWM Modules

— | e -

Comparators
[ I
Master Synchronous Seril Porls
ssP[ «
Timers
Tmerd] e
Tmert| e
Tmer2| o

©2011-2013 Microchip Technology Inc. DS40001441D-page 7
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FIGURE 1-1: PIC12(L)F1840 BLOCK DIAGRAM
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TABLE 1-; PIC12(L)F1840 PINOUT DESCRIPTION
Name Funcon | ot [outt ouscrpon
RogmoESIT T R T P
%Fﬁﬁmﬁﬁ?gépw AN | AN [ — ADC Channel Oinput.
Fe Grso || —capeotve sening
i | AN_|—[conparso 1 gt ot
5hcouT|— | v mgwismiop oo
T | owWos [USART s rramit
G| 57 o [USART ovbranosdok
500 | — [ cwos [sPremm ot
S8 ST — | Slave Select input.
oo | —[cwos [Pt oo
0T |~ s [Wosa ot
Tosponr| 7 cvos ficse oaato
AT GRS | At | T chos [carel s 10
SRFUTTCLISCK) ANT AN — | ADC Channel 1 input.
e CPst AN — | Capacitive sensing input 1.
e | A | = AD0 903 DAG Posine Votag R Tt
G || Compartor O egetvs
S |51 | = ToRLsonmt
R [ 5T = oo savonam ot
o |~ 7[0S [USRT ayrevons oo
ScL Fc™ | oD [1%C™ dlock.
scx |5t cuos [ seizon
ow | S| —[Vasdor o
Tospork| 51— sanlPoganmng ok
RGOSR | e | ST cnos [cerel arpese 10,
ToaaCCe AT/ T = Lo e
SCMSOMNTMOCHST CPS2 AN — | Capacitive sensing input 2.
GiouT | — | OS [Gorprtr 61 ot
S5m0 || oS [ 3R Lt nrverng o
Togkr | 57| [Timerocockinp
Gom |7 03 [canecampaPar T
7in | —[owos [raspa
Firo |57 | —|Ecor Ate Sutdou Fadiim
SDA Pc™ | oD [PC™ data inputioutput
S0 [cwos | — [serammp
[ B S e
oG | 51| foastorGarer o
RAI/SSITIGMINRPMCLR RA3_| TIL | — T General purpose input.
5§ ST_| — |Slave Selectinput
Ti [ st | = [matGaeion
Vo[ v | = [Pogamming e
MCIR | ST [ — [Master Clear with internal pull-up.
Legend: AN = Analog input o output CMOS= CMOS compatible input or output 0D = Open Drain
TTL= TTL compatible input ST = Schmitt Trigger input with CMOS levels 1°C™ = Schmitt Trigger input with I°C
W e ™ aa = S o

Note 1:  Altemate pin function selected with the APFCON (Register 12-1) register.
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TABLE 1-2: _ PIC12(L)F1840 PINOUT DESCRIPTION (CONTINUED)

ame Functon | 4t oo J—
RAANGICPSI0SCE RAd—| TIL [ CWOS [Genera prpose 10
CUKOUTTIOSOISINGICLR! [ As | AN | — [ADG Chamnet 3 put
e GPs3_| AN |_— [ Capaoiive sensng g3

0562 | — | XTAL [CysalResorstor (P X, o)

GkoUT | — [ cWOS [Foscrout

71050 | XTAL | XTAL | Timertosclator comecion

G | AN | — [ Gomprator G negatve

Gk | — | GVIS [ Clook Reference ot

500 | — [ cmos [spismmouput

K| ST [ oWOS [USART sycvonous dook

x| — [ WOS [USART asyncrvonous vansri

P18 | — [ omos [P ouput

Ti6 | ST | — [Tmert Gaigut

WOGINZ | ST | —[Wooltor Garer
RASICLRIVGSCATIOST RAS | TTL | GHOS [ Genera pupose 10
TICKISRNGRAYCCPY | GLN oS | — [ Extema dock mput (£6 mode)

0501 | XTAL | — [ GrysalResonsor (L XT_ S modes)

T108I_| XTAL | XTAL | Timertosclatorconncson

To4 | ST | — [Timertdocknpu

SRNG | — [ oMOS [ SR Latoh mvring oot

PiA_| = [cmos [pwhiousu

CoPT_| ST [ oMoS | CaptureiComparalPWar T

DT | ST | GMOS [USART syrtvonous o

X[ ST | — [USART asynorvonous mat
Vo Voo | Power | _—[Posive suoly.
Vs Ves | Power | — [Grounarefoence
Logend: AN = Amalog nputor ouput_ CMOS = GMOS compatble mputoroupul 0D~ Oper Dar

TTL = TTL compatible input ST Schmitt Trigger input with CMOS levels 12C™ = Schmitt Trigger input with 12C.
HY = High Votage XTAL = Crysial Ievels

Note 1: Altemate pin function selected with the APFCON (Register 12-1) register.
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2.0 ENHANCED MID-RANGE CPU

‘This family of devices contain an enhanced mid-range
8-bit CPU core. The CPU has 49 instructions. Interrupt
capabilty includes automatic context saving. The
hardware stack s 16 levels deep and has Overflow and
Underflow Reset capabilty. Direct, Indirect, and

Relative addressing modes are available. Two File
Select Registers (FSRs) provide the abilty to read
program and data memory.

+ Automatic Interrupt Context Saving

+ 16-level Stack with Overflow and Underflow

* File Select Registers

* Instruction Set

FIGURE 2-1: CORE BLOCK DIAGRAM
&
15 DataBus 8
#{ Program Counter
Flash
Program
Memory 16-Level Stack
(15-bit
14 Program Memory
———"> Read (PMR)

Instruction Reg

Direct Addr

Voo

1
Powerup
Tmer
Instruction Osallator
Decode and Startup Timer e
Lo Power-on
e |
OSCHICLKIN ower %
Timin Wichd
05c2CLKOUT | Generaton [ | Mimer WReg
P Brown-out
@ Reset
nternal
Oscilstor
Block

Vss
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24 Automatic Interrupt Context
Saving

During interrupts, certain registers are automatically
saved in shadow registers and restored when returning
from the interrupt. This saves stack space and user
code. See Section 8.5 “Automatic Context Saving”,
for more information,

2.2 16-level Stack with Overflow and
Underflow

These devices have an external stack memory 15 bits
wide and 16 words deep. A Stack Overflow or Under-
flow will set the appropriate bit (STKOVF or STKUNF)
in the PCON register, and if enabled will cause a soft-
ware Reset. See Section 3.5 “Stack” for more details.

23 File Select Registers

There are two 16-bitFile Select Registers (FSR). FSRs
can access all file registers and program memory,
which allows one Data Pointer for all memory. When an
FSR points to program memory, there is one additional
instruction cycle in instructions using INDF to allow the
data to be feiched. General purpose memory can now
also be addressed linearly, providing the abilty to
access contiguous data larger than 80 bytes. There are
also new instructions to support the FSRs. See
Section 3.6 “Indirect Addressing” for more details.

24 Instruction Set

‘There are 49 instructions for the enhanced mid-range
CPU to_support the features of the CPU. See
Section 29.0 “Instruction Set Summary” for more
detals.

DS40001441D-page 12
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3.0 MEMORY ORGANIZATION

These devices contain the following types of memory.
« Program Memory

- Configuration Words

- Device ID

- UserID

- Flash Program Memory
Data Memory

- Core Registers

- Special Function Registers
- General Purpose RAM

- Common RAM

Data EEPROM memory")

Note 1: The Data EEPROM Memory and the
method to access Flash memory through
the EECON registers is described in
Section 11.0 “Data EEPROM and Flash
Program Memory Control”.

The following features are associated with access and
control of program memory and data memory.

+ PCL and PCLATH

+ Stack

* Indirect Addressing

34 Program Memory Organization

The enhanced mid-range core has a 15-bit program
counter capable of addressing a 32K x 14 program
memory space. Table 3-1 shows the memory sizes
implemented for the PIC12(L)F 1840 family. Accessing a
location above these boundaries will cause a
wrap-around within the implemented memory space.
‘The Reset vector is at 0000h and the interrupt veclor is
at0004h (see Figure 3-1).

TABLE 3-1: _ DEVICE SIZES AND ADDRESSES
Device Program Memory Space (Words) | Last Program Memory Address.
PICT2(L)F 1840 4,09 OFFFh

©2011-2013 Microchip Technology Inc.
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FIGURE 3-1: PROGRAM MEMORY MAP
AND STACK FOR
PIC12(L)F1840
PC<14:0>
CALL, CALLW 15

RETURN, RETLW
Interrupt, RETFIE
Stack Level 0
Stack Level 1

Stack Level 15

Reset Vector 0000h
Interrupt Vector 0004
000sh
Page 0
On-chip = 07FFh
Program <
Wonteer 0800h
Page 1
l OFFFh

Rollover to Page0 | 100"

Rollover to Page 1

TFFFh

311 READING PROGRAM MEMORY AS
DATA

There are two methods of accessing constants in
program memory. The first method is to use tables of
RETLH instructions. The second method is to set an
FSR 10 poit to the program memory.

3114 RETLW Instruction

‘The RETLW instruction can be used to provide access
totables of constants. The recommended way to create
stich a table is shown in Example 3-1

EXAMPLE 3-1:  ReTLW INSTRUCTION
Constants

BRW

RETLW DATAO Tndexd

RETLW DATAL
RETLW DATAZ
RETLW DATA3

my_sunction
5. TOTS OF CODE
HOVI DATA_INDEX
call constants
7. THE CONSTANT I

smw

The BRW instruction makes this type of table very
simple to implement. If your code must remain portable
with previous generations of microcontrollers, then the
BRil instruction is not available so the older table read
method must be used.

DS400014410-page 14
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3112 Indirect Read with FSR

The program memory can be accessed as data by
setting bit 7 of the FSRxH register and reading the
matching INDFx register. The HOVTH instruction wil
place the lower 8 bits of the addressed word in the W
register. Wites 10 the program memory cannot be
performed via the INDF registers. Instructions that
‘access the program memory via the FSR require one
extra_instruction cycle to complete. Example 32
demonstrates accessing the program memory via an
FSR.

‘The HIGH directive wil set bit<7> f a label points to a
location in program memory.

EXAMPLE 3-2:  ACCESSING PROGRAM
MEMORY VIA FSR

@ DATAO $Indexo data
RETLW DATAL iIndex] data
RETLW DATAZ
RETLW DATAS
my_gunction
5.. LOTS OF CODE.
MOVLW  LOW constants
FsalL
HIGH constants
FSRIn
MOVIH O[FSR:
/THE PROGRAM

MORY IS IN W

32  DataMemory Organization

The data memory is partitioned in 32 memory banks
with 128 bytes in a bank. Each bank consists of
(Figure 3-2)

+ 12 core registers

+ 20 Special Function Registers (SFR)

* Up to 80 bytes of General Purpose RAM (GPR)

+ 16 bytes of common RAM

The active bank is selected by witing the bank number
into the Bank Select Register (BSR). Unimplemented
memory wil read as ‘0", All data memory can be
accessed either directy (via instructons that use the
fle registers) or indireclly via the two File Select
Registers (FSR). See Section3.6  *“Indirect
Addressing” for more information.

321  CORE REGISTERS

The core registers contain the registers that directly
affect the basic operation. The core registers occupy
the frst 12 addresses of every data memory bank
(addresses x00NX08h through xOBN/XBBH). These
registers are listed below in Table 3-2. For delaled
information, see Table 3-5.

TABLE3-2:  CORE REGISTERS
Addresses BANKx
¥00 or x80h INDFO
X01h or x81h INDFT
¥02h or x82h PCL
X03h or x83h | __STATUS
X04h or x84h FSROL
¥05h or x85h FSROH
X06h or x86h FSR1L
X07h or x87h FSRIH
¥08h or x88h BSR
¥08h or x89h WREG
X0Ah or x8Ah | PCLATH
| x0Bh or x8Bh INTCON

©2011-2013 Microchip Technology Inc.
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3211 STATUS Register
The STATUS register, shown in Register 3-1, contains

« the arithmetic status of the ALU
« the Reset status

The STATUS register can be the destination for any
instruction, like any other register. If the STATUS
register is the destination for an instruction that affects
the Z, DC or C bis, then the wite o these thee bils is
disabled. These bits are set or cleared according 1o the
device logic. Furthermore, the TO and PD bits are not
witable, Therefore, the result of an instruction with the.

For example, CLRF STATUS will clear the pper three
bits and set the Z bit. This leaves the STATUS register
as'000u uluu' (where u = unchanged).

Itis recommended, therefore, that only ECF, BSF,
SWAPE and MOVWE instructions are used to ater the
STATUS register, because these instructions do not
affect any Status bits. For other instructions not
affecting any Status bits (Refer to Section 2.0
“Instruction Set Summary”).

Note 1: The C and DC bits operate as Borrow|
‘and Digit Borrow out bits, respectively, in

STATUS register as destination may be different than supuacton
intended
33 Register Definitions: Status
REGISTER 3-1:  STATUS: STATUS REGISTER
[ U0 U0 R-1/g Rilg___ RW-Ou _ RW-OM __ RWOW
= == O PD z oct c

bit7 bito
Legend:
R = Readable bit W= Writable bt U= Unimplemented bit read as ‘0
u= Bitis unchanged x=Bitis unknown “n/n = Value at POR and BORNValue at al other Resets
1= Btis set 0'= Bitis cleared = Value depends on condition
bit7-5 Unimplemented: Read as ‘0
bit4 TO: Time-Out bit

Afler power-up, CLERDT instruction o SLEE® instruction

WDT time-out occurred

bit3 PD: Power-Down bit

After power-up or by the CLEHD? instruction

0 = By executon of the 5122 instruction

bit2 : Zero bit

The result o an arthmetic o logic operation is zero

0 = The result of an arithmetic or logic operation is not zero

bit1 DC: Digt Carry/Digh Borrow bit (\DDWE, ADDLH, SUBLA, SUBHE instructions)("

A carry-out from the 4th low-order bit of the result occurred

ut from the 4th low-order bit of the result

bito CarryBorrow bit") (ADDAE, ADDLH, SUBLW, SUEKE instructions)

A carry-out from the Most Significant bt of the result occurred
No carry-out from the Most Significant bt o the result occurred

Note 1: For Borrow, the polarity is reversed. A subtraction is executed by adding the two's complement of the.

second operand.
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331 SPECIAL FUNCTION REGISTER

The Special Function Registers are registers used by
the application to_control the desired operation of
peripheral functions in the device. The Special Function
Registers occupy the 20 bytes after the core registers of
every data memory bank (addresses X0Ch/xBCh
through x1Fh/xSFh). The registers associated with the
operation of the peripherals are described in the appro-
priate peripheral chapter of ths data sheet.

332 GENERAL PURPOSE RAM

There are up 1o 80 bytes of GPR in each data memory
bank. The Special Function Registers occupy the 20
bytes after the core registers of every data memory
bank (addresses XOCh/xBCh through x1Fh/x9Fh)

3321 Linear Access to GPR

The general purpose RAM can be accessed in a
non-banked method via the FSRs. This can simplify
access to large memory structures, See Section 3.6.2
“Linear Data Memory” for more information.

333  COMMON RAM

‘There are 16 bytes of common RAM accessible from all
banks.

FIGURE 3-2: BANKED MEMORY
PARTITIONING
7-bitBank Offset  Memory Region
00h
Core Registers,
(12 bytes)
[ &
och
‘Special Function Registers
(20 bytes maximum)
1Fh
20n
General Purpose RAM
(80 bytes maximum)
6Fh
70n
Common RAM
(16 bytes)
7Fh

334  DEVICE MEMORY MAPS

The memory maps for the device family are as shown
in Table 3-3

©2011-2013 Microchip Technology Inc.
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Supertex inc. VN2222LL

N-Channel Enhancement-Mode
Vertical DMOS FET

Features General Description
> Free from secondary breakdown This enhancement-mode (normally-off) transistor utilizes
> Low power drive requirement a vertical DMOS structure and Supertex's well-proven,
» Ease of paralleling silicon-gate manufacturing process. This combination
B LGHC.. s st Shlichlng Spesds produces a device with the power handling capabilities
() of bipolar transistors and the high input impedance and
e IEKCSlient hemal Stabiity positive temperature coefficient inherent in MOS devices.
> Integral source-drain diode Characteristic of all MOS structures, this device is free
» High input impedance and high gain from thermal runaway and thermally-induced secondary
Applications breakdown.
¥ Motor controls Supertex's vertical DMOS FETs are ideally suited to a
> Converters wide range of switching and amplifying applications where
> Amplifiers very low threshold voltage, high breakdown voltage, high
» Switches input impedance, low input capacitance, and fast switching
> Power supply circuits speeds are desired
> Drivers (relays, hammers, solenoids, lamps, memories,
displays, bipolar transistors, etc.)
Ordering Information Product Summary
Part Number | Package Option | Packing BY, /B,
VN2222LL-G T0-92 1000/Bag (max)
VN2222LL-G P002 6oV 7.5Q
VN2222LL-G P03
VN2222LL-G P005 | TO-92 2000/Reel Pin Configuration
VN2222LL-G P013
VN2222LL-G P014
G denotes alead (Pb}-roe / RoHS compiant package.
Gontat factor for Water/ Die avlabiy. o

Devices i Wafer / Die form are lead (Pb)-free / RoHS complian.
SOURCE

Absolute Maximum Ratings
oAt

Drain-to-source voltage BV, To-92
Drain-to-gate voltage BV,

Gate-to-source voltage 30V Product Marking

Operating and storage temperature -55°C to +150°C =

Absoluto Maximum Ratings aro thoso values beyond which damag [o the device may ?Iz ‘;'2‘ 1 YY = Year Sealed

occur. Functoal operation under these condiions s ot impied. Contiuous operation WW = Week Sealed

St s 1 Gt i vl ol G iy A1 vtoes 9 v et PackigiG

Package may or may not include the following marks: Si or @)

Typical Thermal Resistance

To-92
Package 9,
TO-92 132°CW
Doc DsrP NI Supertex inc.

Bos2013 www.supertex.com
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Thermal Characteristics
I, Power Dissipation
@T, = 25°C

TO-92 230mA 1.0A 230mA 1.0A

Notes:
1 I, (continuous) is imited by max rated T,

it | i

Electrical Characteristics (7, 25:c uniess othervise specified)
sym | Parameter | Min | Typ | Max | units | conditions
OV, I, = 100pA

BV, | Drain-to-source breakdown voltage 60 - - v

e | Gate threshold voltage 06 - 25 v Voo |, = 1.0mA
ls | Gate body leakage current - - | 100 | nA
- - 10
l,s | Zero gate voltage drain current . s A
lyen | On-state drain current 075 | - - A
- - 75
Roqen | Static drain-to-source on-state resistance Q
- - 75 V,, = 10V, I, = 500mA
G,, | Forward transconductance 100 | - - | mmho | V,, =10V, I, = 500mA
C. | Input capacitance - - 60
Coee | Common source output capacitance - = 25 PF
C.., | Reverse transfer capacitance - - 8.0
tey | Tum-on time - - 10 s | Voo=18V.1, =064,
toer, | Tumn-off time - - 10 Reey =25Q
% Diode forward voltage drop - o8| - v =0V, 1, =0.2A

Notes:
1. AllD.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse fest: 300us pulse, 2% duty cycle.)
2. AIAC. parameters sample tested.

Switching Waveforms and Test Circuit

1o0v 90% vDD
INPUT \ Pulse R
10% Generator v
OV et _——————— f—° OUTPUT

ton tom |
‘ ! i e
o 6 o 4 H
vop —
e
10% 10% ] buT

outpuT ]

ov 90% 90% | |

T Supertex inc.

5082013 2 www.supertex.com
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VN2222LL
3-Lead TO-92 Package Outline (LL)

f——D— T
A
E
e e s |
~
L
e e
el
e
Front View
f E
EJ 1 3

Bottom View

Symbol A b c D E E1 e el
[ MmN A70 | 0147 | 0147 | 475 125 080 095 045 500
Dimensions T
(inches) ‘ Nom - - - - - - - - -
| max 210 022t | 022! 205 165 105 105 055 610

JEDEC Registration TO-92.
* This dimension is not specified in the JEDEC drawing.
1 This dimension differs from the JEDEC drawing.
Drawings not to scale.

‘Supertex Doc.#: DSPD-3T092N3, Version E041009.

(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline
information go to http://www.supertex.com/packaging.html.)

‘Supertex inc. does nol recommend the use of ts products in Ife supporl applications, and will ot knowingly sell them for use i such applications unless it receives
an adequate "product iabilty indemnification insurance agreement” Supertex fn. does not assume responsibilty for use of devices descrived, and fmit is iabilty
10 the replacement of the devices determined defective due to workmanship. No responsibity is assumed for possible omissions and inaccuracies. Circutry and
specifications are subject to change without notice. For the latest product specifications refer 1o the Supreex inc. (websie: hipl/www supertex com)

2015 Supertex fne. Al ngha esaed. Unauthonzad e orreproducton s rohonad. Supertex inc

1235 Bordeaux Drive, Sunnyvale, CA 94089
Doc.# DSFP.UNZ2Z2LL Tel: 408-222-8838
5082013 F www.supertex.com
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LM78XX / LM78XXA

Features

+ Output Current up to 1 A

* Output Voltages: 5, 6, 8,9, 10, 12, 15, 18, 24 V.
+ Thermal Overload Protection

+ Shon-Circuit Protection

+ Output Transistor Safe Operating Area Protection

September 2014

3-Terminal 1 A Positive Voltage Regulator

Description

The LM78XX series of three-terminal positive reguiators
is available in the TO-220 package and with several fixed
output voltages, making them useful in a wide range of
applications. Each type employs internal current limiting,
thermal shut-down, and safe operating area protection. If
adequate heat sinking is provided, they can deliver over
1 A output current. Although designed primarily as fixed-
voltage regulators, these devices can be used with exter-
nal components for adjustable voltages and currents.

T0-220 (Sngl Gouge)

60

Ordering Information”)

Output Voltage

Product Number Toissance

Package

Operating

“Temperature Facug jod

LM7805CT
LM7806CT
LM7808CT
LM7808CT
LM7810CT 24%
LM7812CT
LM7815CT
LM7818CT
LM7824CT
LM7805ACT
LM7809ACT
LM7810ACT 2%
LM7812ACT
LM7816ACT

T0-220
(Single Gauge)

Rail

0°C to +125°C

Note:

1. Above output voltage tolerance is available at 25°C.

& 7006 Faraia Samianucor Carparaton
LU7BXX | LMTBXXA Rev. 131

e o

1oje|nBay a6e)|OA BANISOd V | [BUILIBL-E — WYXXBLINT / XX8LINT
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Block Diagram
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Figure 1. Block Diagram
Absolute Maximum Ratings

Stresses exceeding the absolute maximum ratings may damage the device. The device may not function or be opera-
bie above the recommended operating conditions and stressing the parts to these levels is not recommended. In addi-
tion, extended exposure to stresses above the recommended operating conditions may affect device reliabilty. The.
absolute maximum ratings are stress ratings only. Values are at T = 25°C unless otherwise noted,

Symbol Parameter Value Unit
Vi | inputvoitage YomBub 1Y = v
Vo=24V [
Rojc__| Themal Resistance, Junction-Case (T0-220) 5 W
Ry | Thermal Resistance, Junction-Air (T0-220) 5 oW
Tom | oot Tompomire e[S ST g
Tstc | Storage Temperature Range -6510+150 <

62006 Farcd Semiconductor Carperaton
LUTBXX | LMTBXXA Rev. 13,1

o arIgsa com

103e|nBay aBey|oA 2ANISOd W | [euIWIB)-¢ — YXXBLINT / XX8LINT
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Electrical Characteristics (LM7805)
Refer to the test circuit, 40°C < T, < 125°C, I = 500 mA, V, = 10V, C, =

1 i, unless othenwise specified.

Symbol Parameter Conditions. Min. [ Typ. [ Max. | Unit
T,=v25C 480 | 500 | 520
Vo | Output voltage TS TAETARGTEW, v |5 | s | V
Regine | Line Reguiaton® 7,2 425C 2oV LI BT
8V 12V 16 | 500
mAL15A 90 | 1000
Regload | Load Regulation?) K s o Tso] ™
la__| Quiescent Current T,= 425G 5 [ 8 | m
lo=5mAl1A 003 | 050
alg mA
Vi=7V1025V 030 | 130
AVQ/AT | Output Voltage Drt® | Ip=5mA 08 mvirC
Vn__| Output Noise Voltage | 1= 10 Hiz to 100 kHz, T = +25°C 2 W
RR Ripple Rejection™ 120Hz, V=8V 10 18V 62 73 B
Voroe | Dropout Voliage T,=425C =14 2 v
Ro | Output Resistance® Wz 5 o
lsc__| Short-Circut Current | T,=+25°C, V=35V 230 mA
‘| Poak Current®™ T,=v25C 22 A
Notes:

2. Load and line regulation are specified at constant junction temperature. Changes in V due to heating effects
must be taken into account separately. Pulse testing with low duty is used.
3. These parameters, although guaranteed, are not 100% tested in producion

2006 Faieia Semieanaucior Corporation o Taigsa oo
LU7BXX | LMTBXXA Rev. 131 3

103e|nBay aBeoA aANISOd W | [BUIWIRL-¢ — YXXBLINT / XXBLINT
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Blast_1 Active.Group1.Recorder_B.Ch_B1

Blast_2 Active.Group1.Recorder_B.Ch_B2

Foil_1

Foil_2

Trigger Active.Group1.Recorder_B.Ch_B3

     

Insert SCALARS

Scalar_Blast_1 49.639

Scalar_Blast_2 49.797

     

     

Calibrate Blast

Cal_Channel Active.Group1.Recorder_B.Ch_B2

Calculate Scaler -     ** INSERT AMOUNT APPLIED**

Scalar 250/Formula.Meanhigh

     

Zero Calibration level (waveform)

Startlow @XFirst(Formula.Cal_Channel)

Endlow @XFirst(Formula.Cal_Channel)+8m

Meanlow @Mean(Formula.Cal_Channel;Formula.Startlow;Formula.Endlow)

Newtrace Formula.Cal_Channel-Formula.Meanlow

     

Calculate mean value of Calibration step

Starthigh @XFirst(Formula.Newtrace)+12m

Endhigh @XFirst(Formula.Newtrace)+42m

Meanhigh @Mean(Formula.Newtrace;Formula.Starthigh;Formula.Endhigh)

     


image66.emf
     

Zero Trace Blast 1

StartBlast_1 @XFirst(Formula.Blast_1)

StopBlast_1 @XFirst(Formula.Blast_1)+8m

MeanBlast_1 @Mean(Formula.Blast_1;Formula.StartBlast_1;Formula.StopBlast_1)

NewtraceBlast_1 Formula.Blast_1-Formula.MeanBlast_1

     

Calculate Peak Overpressure Blast 1

BlastPressure_1 Formula.NewtraceBlast_1*Formula.Scalar_Blast_1 kPa

Before_Peak_1 0m

After_Peak_1 1000m

PeakPressure_1 @Max(Formula.BlastPressure_1;Formula.StartBlast_1+Formula.Before_Peak_1;Formula.StartBlast_1+Formula.After_Peak_1) kPa

Filtered_Blast_1 @FilterBesselLP(Formula.BlastPressure_1;1;3000)

     

     

Zero Trace Blast 2

StartBlast_2 @XFirst(Formula.Blast_2)

StopBlast_2 @XFirst(Formula.Blast_2)+8m

MeanBlast_2 @Mean(Formula.Blast_2;Formula.StartBlast_2;Formula.StopBlast_2)

NewtraceBlast_2 Formula.Blast_2-Formula.MeanBlast_2

     

Calculate Peak Overpressure Blast 2

BlastPressure_2 Formula.NewtraceBlast_2*Formula.Scalar_Blast_2 kPa

Before_Peak_2 0m

Afer_Peak_2 1000m

PeakPressure_2 @Max(Formula.BlastPressure_2;Formula.StartBlast_2+Formula.Before_Peak_2;Formula.StartBlast_2+Formula.Afer_Peak_2) kPa

Filtered_Blast_2 @FilterBesselLP(Formula.BlastPressure_2;1;3000)
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Run 1 Run 2 Difference

Time (us) Difference  Time (us) Difference  Run 1 - Run 2

1 128 1 128

2 74240 74112 2 35046.4 34918.4 39193.6

3 161408 87168 3 106496 71449.6 15718.4

4 240972.8 79564.8 4 180249.62 73753.62 5811.18

5 315955.22 74982.42 5 259276.8 79027.18 -4044.76

6 399820.84 83865.62 6 335513.6 76236.8 7628.82

7 478668.8 78847.96 7 410803.24 75289.64 3558.32

8 569420.8 90752 8 483328 72524.76 18227.24

9 644761.64 75340.84 9 558233.64 74905.64 435.2

10 726425.68 81664.04 10 632012.8 73779.16 7884.88

11 807628.8 81203.12 11 713702.48 81689.68 -486.56

12 891033.6 83404.8 12 785356.8 71654.32 11750.48

13 963763.2 72729.6 13 854451.2 69094.4 3635.2

14 1048115.2 84352 14 933632 79180.8 5171.2

15 1121945.6 73830.4 15 1012147.2 78515.2 -4684.8

16 1205632 83686.4 16 1085798.4 73651.2 10035.2

17 1282406.4 76774.4 17 1165670.4 79872 -3097.6

18 1362560 80153.6 18 1239372.88 73702.48 6451.12

19 1438592 76032 19 1319065.6 79692.72 -3660.72

20 1521177.6 82585.6 20 1400371.36 81305.76 1279.84

21 1603942.4 82764.8 21 1482163.36 81792 972.8

22 1673830.4 69888 22 1558809.6 76646.24 -6758.24

23 1752755.2 78924.8 23 1644928 86118.4 -7193.6

24 1829478.4 76723.2 24 1718553.6 73625.6 3097.6

25 1911168 81689.6 25 1799961.6 81408 281.6

26 1985408 74240 26 1877376 77414.4 -3174.4

27 2060902.4 75494.4 27 1956403.2 79027.2 -3532.8

28 2136448 75545.6 28 2040422.4 84019.2 -8473.6

29 2214579.2 78131.2 29 2121190.56 80768.16 -2636.96

30 2288281.76 73702.56 30 2206156.8 84966.24 -11263.68

31 2364262.56 75980.8 31 2284160 78003.2 -2022.4

32 2442726.56 78464 32 2364800 80640 -2176

33 2512947.2 70220.64 33 2447692.8 82892.8 -12672.16

34 2589542.56 76595.36 34 2527462.56 79769.76 -3174.4

35 2664320 74777.44 35 2605491.2 78028.64 -3251.2

36 2745676.8 81356.8 36 2683980.8 78489.6 2867.2

37 2820147.2 74470.4 37 2764441.92 80461.12 -5990.72

38 2899507.2 79360 38 2839884.8 75442.88 3917.12

39 2975923.2 76416 39 2922112 82227.2 -5811.2

40 3054771.2 78848 40 2991308.8 69196.8 9651.2

41 3132979.2 78208 41 3069619.2 78310.4 -102.4

42 3211366.72 78387.52 42 3153638.72 84019.52 -5632

43 3291520 80153.28 43 3234099.2 80460.48 -307.2

44 3372902.4 81382.4 44 3315046.72 80947.52 434.88

45 3448089.6 75187.2 45 3399577.6 84530.88 -9343.68

46 3523968 75878.4 46 3474278.4 74700.8 1177.6

47 3603712 79744 47 3555968 81689.6 -1945.6

48 3677824 74112 48 3631027.2 75059.2 -947.2

49 3758822.4 80998.4 49 3719961.6 88934.4 -7936

50 3845683.2 86860.8 50 3796044.8 76083.2 10777.6


image68.emf
51 3923942.4 78259.2 51 3874867.2 78822.4 -563.2

52 4003046.4 79104 52 3954457.6 79590.4 -486.4

53 4078156.8 75110.4 53 4042444.8 87987.2 -12876.8

54 4157670.4 79513.6 54 4117708.8 75264 4249.6

55 4234061.12 76390.72 55 4195789.12 78080.32 -1689.6

56 4314368 80306.88 56 4278835.52 83046.4 -2739.52

57 4394086.4 79718.4 57 4363904 85068.48 -5350.08

58 4471398.4 77312 58 4441088 77184 128

59 4553549.12 82150.72 59 4520909.12 79821.12 2329.6

60 4627609.6 74060.48 60 4599782.4 78873.28 -4812.8

61 4712550.4 84940.8 61 4676761.6 76979.2 7961.6

62 4794752 82201.6 62 4757837.12 81075.52 1126.08

63 4873753.6 79001.6 63 4832665.6 74828.48 4173.12

64 4948121.6 74368 64 4912768 80102.4 -5734.4

65 5031808 83686.4 65 4988441.6 75673.6 8012.8

66 5109222.4 77414.4 66 5067520 79078.4 -1664

67 5186304 77081.6 67 5146240 78720 -1638.4

68 5264409.6 78105.6 68 5229619.52 83379.52 -5273.92

69 5346867.52 82457.92 69 5298816 69196.48 13261.44

70 5421209.6 74342.08 70 5381632 82816 -8473.92

71 5501517.44 80307.84 71 5460531.84 78899.84 1408

72 5577421.44 75904 72 5541171.84 80640 -4736

73 5661824 84402.56 73 5623782.4 82610.56 1792

74 5735449.6 73625.6 74 5699225.6 75443.2 -1817.6

75 5818521.6 83072 75 5776717.44 77491.84 5580.16

76 5894937.6 76416 76 5859533.44 82816 -6400

77 5970918.4 75980.8 77 5942989.44 83456 -7475.2

78 6055475.84 84557.44 78 6024857.6 81868.16 2689.28

79 6132045.44 76569.6 79 6102579.84 77722.24 -1152.64

80 6207206.4 75160.96 80 6188595.84 86016 -10855.04

81 6289561.6 82355.2 81 6267699.84 79104 3251.2

82 6364185.6 74624 82 6345241.6 77541.76 -2917.76

83 0 83 0

84 0 84 0

85 0 85 0
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6Z055R2 Trial No:-  6Z055 Rnd No:  2 C9

0

0

0

0

12:56 Time Fired = 12:56      Max Vel   725m/s

160217 Date 16/02/17      Max Accel   269.8g

16 Firing Point = 16m      Min Accel   -69.4g

UnClassified      Security Level = UnClassified

Coil Error                                                                                                                                                                                                                                            Coil No. Times Total Time Distance Velocity Accel g 153

0.0 0.0 16.0 0.0 0.0

0.075415 7.520 3 0.075415 0.075415 23.5 99.7 269.8 3.405 10.104

0.059862 10.051 4 0.059862 0.135277 33.6 167.9 102.9 10.011 10.051

0.0516 10.099 5 0.051600 0.186877 43.7 195.7 50.9 10.104 10.099

0.045767 10.070 6 0.045767 0.232644 53.7 220.0 51.0 10.051 10.070

0.041446 10.024 7 0.041446 0.274090 63.8 241.9 51.1 10.099 10.024

0.038623 10.107 8 0.038623 0.312713 73.9 261.7 50.5 10.070 10.107

0.035811 10.042 9 0.035811 0.348524 83.9 280.4 51.4 10.024 10.042

0.033785 10.044 10 0.033785 0.382309 94.0 297.3 49.5 10.107 10.044

0.032007 10.070 11 0.032007 0.414316 104.0 314.6 53.8 10.042 10.070

0.030539 10.064 12 0.030539 0.444855 114.1 329.6 48.7 10.044 10.064

0.029132 10.060 13 0.029132 0.473987 124.2 345.3 53.9 10.070 10.060

0.028169 10.066 14 0.028169 0.502156 134.2 357.3 42.8 10.064 10.066

0.026994 10.039 15 0.026994 0.529150 144.3 371.9 53.9 10.060 10.039

0.026187 10.079 16 0.026187 0.555337 154.3 384.9 49.8 10.066 10.079

0.025289 10.048 17 0.025289 0.580626 164.4 397.3 49.3 10.039 10.048

0.024595 10.072 18 0.024595 0.605221 174.5 409.5 49.8 10.079 10.072

0.023901 10.071 19 0.023901 0.629122 184.5 421.4 49.9 10.048 10.071

0.02328 10.066 20 0.023280 0.652402 194.6 432.4 47.7 10.072 10.066

0.022638 10.039 21 0.022638 0.675040 204.6 443.5 49.2 10.071 10.039

0.022263 10.109 22 0.022263 0.697303 214.7 454.1 48.2 10.066 10.109

0.021637 10.059 23 0.021637 0.718940 224.8 464.9 50.3 10.039 10.059

0.021158 10.036 24 0.021158 0.740098 234.8 474.3 45.0 10.109 10.036

0.020808 10.078 25 0.020808 0.760906 244.9 484.3 48.6 10.059 10.078

0.020351 10.054 26 0.020351 0.781257 255.0 494.0 48.1 10.036 10.054

0.020087 10.109 27 0.020087 0.801344 265.1 503.3 46.6 10.078 10.109

0.01954 10.009 28 0.019540 0.820884 275.1 512.2 46.2 10.054 10.009

0.019347 10.078 29 0.019347 0.840231 285.2 520.9 45.6 10.109 10.078

0.019023 10.076 30 0.019023 0.859254 295.2 529.7 46.6 10.009 10.076

0.0187 10.060 31 0.018700 0.877954 305.3 538.0 44.9 10.078 10.060

0.018373 10.038 32 0.018373 0.896327 315.3 546.4 46.1 10.076 10.038

0.018119 10.053 33 0.018119 0.914446 325.4 554.8 47.4 10.060 10.053

0.017931 10.081 34 0.017931 0.932377 335.5 562.2 41.8 10.038 10.081

0.017643 10.054 35 0.017643 0.950020 345.5 569.9 43.9 10.053 10.054

0.017415 10.063 36 0.017415 0.967435 355.6 577.8 46.5 10.081 10.063

0.017221 10.077 37 0.017221 0.984656 365.7 585.2 43.1 10.054 10.077

0.007737 4.572 38 0.007737 0.992393 370.2 590.9 47.2 10.063 4.572

0.009221 5.484 39 0.009221 1.001614 375.7 594.7 45.7 10.077 5.484

0.016733 10.056 40 0.016733 1.018347 385.8 601.0 49.1 4.572 10.056

0.016576 10.042 41 0.016576 1.034923 395.8 605.8 29.7 5.484 10.042

0.016466 10.111 42 0.016466 1.051389 405.9 614.1 50.8 10.056 10.111

0.01619 10.058 43 0.016190 1.067579 416.0 621.3 45.0 10.042 10.058

0.015997 10.045 44 0.015997 1.083576 426.0 627.9 42.4 10.111 10.045

0.015808 10.040 45 0.015808 1.099384 436.1 635.1 46.1 10.058 10.040

0.015696 10.068 46 0.015696 1.115080 446.1 641.4 40.9 10.045 10.068

0.015527 10.059 47 0.015527 1.130607 456.2 647.8 41.8 10.040 10.059

0.015401 10.086 48 0.015401 1.146008 466.3 654.9 46.5 10.068 10.086

0.015239 10.070 49 0.015239 1.161247 476.4 660.8 39.4 10.059 10.070

0.015059 10.045 50 0.015059 1.176306 486.4 667.0 42.0 10.086 10.045

0.014957 10.076 51 0.014957 1.191263 496.5 673.7 45.0 10.070 10.076

0.01483 10.083 52 0.014830 1.206093 506.6 679.9 42.8 10.045 10.083

0.014605 10.020 53 0.014605 1.220698 516.6 686.1 42.7 10.076 10.020

0.014552 10.069 54 0.014552 1.235250 526.6 691.9 41.0 10.083 10.069

0.014477 10.102 55 0.014477 1.249727 536.8 697.8 41.3 10.020 10.102
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0.014245 10.012 56 0.014245 1.263972 546.8 702.8 35.8 10.069 10.012

0.013566 9.606 57 0.013566 1.277538 556.4 708.1 38.5 10.102 9.606

0.014129 10.066 58 0.014129 1.291667 566.4 712.4 32.1 10.012 10.066

0.014032 10.050 59 0.014032 1.305699 576.5 716.2 27.4 9.606 10.050

0.013988 10.056 60 0.013988 1.319687 586.5 718.9 19.5 10.066 10.056

0.01394 10.058 61 0.013940 1.333627 596.6 721.5 19.1 10.050 10.058

0.013868 10.058 62 0.013868 1.347495 606.7 725.3 27.5 10.056 10.058

0.012632 9.135 63 0.012632 1.360127 615.8 723.2 -16.2 10.058 9.135

0.015142 10.985 64 0.015142 1.375269 626.8 725.5 17.0 10.058 10.985

0.01389 10.066 65 0.013890 1.389159 636.8 724.7 -5.5 9.135 10.066

0.013874 10.048 66 0.013874 1.403033 646.9 724.2 -3.4 10.985 10.048

0.013895 10.044 67 0.013895 1.416928 656.9 722.9 -10.1 10.066 10.044

0.013978 10.068 68 0.013978 1.430906 667.0 720.3 -18.9 10.048 10.068

0.014024 10.055 69 0.014024 1.444930 677.1 717.0 -23.9 10.044 10.055

0.014096 10.052 70 0.014096 1.459026 687.1 713.1 -28.2 10.068 10.052

0.014214 10.064 71 0.014214 1.473240 697.2 708.0 -36.6 10.055 10.064

0.014325 10.053 72 0.014325 1.487565 707.2 701.8 -44.7 10.052 10.053

0.014476 10.068 73 0.014476 1.502041 717.3 695.5 -44.5 10.064 10.068

0.014597 10.045 74 0.014597 1.516638 727.3 688.2 -51.5 10.053 10.045

0.013365 9.134 75 0.013365 1.530003 736.5 683.4 -34.5 10.068 9.134

0.016289 10.975 76 0.016289 1.546292 747.4 673.8 -66.5 10.045 10.975

0.006857 4.573 77 0.006857 1.553149 752.0 666.9 -60.5 9.134 4.573

0.008288 5.488 78 0.008288 1.561437 757.5 662.2 -64.0 10.975 5.488

0.015275 10.052 79 0.015275 1.576712 767.6 658.1 -35.4 4.573 10.052

0.015459 10.052 80 0.015459 1.592171 777.6 650.2 -52.0 5.488 10.052

0.015635 10.063 81 0.015635 1.607806 787.7 643.6 -43.4 10.052 10.063

0.015879 10.050 82 0.015879 1.623685 797.7 632.9 -69.4 10.052 10.050

0.01605 10.055 83 0.016050 1.639735 807.8 626.5 -41.1 10.063 10.055

0.016235 10.056 84 0.016235 1.655970 817.8 619.4 -44.8 10.050 10.056

0.016461 10.057 85 0.016461 1.672431 827.9 611.0 -52.7 10.055 10.057

0.016652 10.055 86 0.016652 1.689083 838.0 603.8 -43.9 10.056 10.055

0.015267 9.134 87 0.015267 1.704350 847.1 598.3 -35.5 10.057 9.134

0.017074 10.058 88 0.017074 1.721424 857.1 589.1 -58.1 10.055 10.058

0.018907 10.963 89 0.018907 1.740331 868.1 579.8 -52.4 9.134 10.963

0.017545 10.062 90 0.017545 1.757876 878.2 573.5 -35.5 10.058 10.062

0.017786 10.066 91 0.017786 1.775662 888.2 566.0 -43.6 10.963 10.066

0.017993 10.048 92 0.017993 1.793655 898.3 558.4 -42.8 10.062 10.048

0.018172 10.046 93 0.018172 1.811827 908.3 552.8 -31.7 10.066 10.046

0.018512 10.065 94 0.018512 1.830339 918.4 543.7 -50.8 10.048 10.065

0.018741 10.055 95 0.018741 1.849080 928.4 536.5 -39.3 10.046 10.055

0.018875 10.055 96 0.018875 1.867955 938.5 532.7 -20.6 10.065 10.055

0.019266 10.059 97 0.019266 1.887221 948.6 522.1 -56.8 10.055 10.059

0.019387 10.051 98 0.019387 1.906608 958.6 518.4 -19.4 10.055 10.051

0.019743 10.052 99 0.019743 1.926351 968.7 509.1 -48.5 10.059 10.052

0.018142 9.139 100 0.018142 1.944493 977.8 503.8 -29.0 10.051 9.139

0.021985 10.971 101 0.021985 1.966478 988.8 499.0 -24.1 10.052 10.971

0.02049 10.053 102 0.020490 1.986968 998.8 490.6 -40.3 9.139 10.053

0.020755 10.062 103 0.020755 2.007723 1008.9 484.8 -28.8 10.971 10.062

0.021043 10.055 104 0.021043 2.028766 1018.9 477.8 -34.0 10.053 10.055

0.021279 10.057 105 0.021279 2.050045 1029.0 472.6 -25.1 10.062 10.057

0.021551 10.055 106 0.021551 2.071596 1039.1 466.6 -28.9 10.055 10.055

0.021829 10.061 107 0.021829 2.093425 1049.1 460.9 -26.7 10.057 10.061

0.022108 10.059 108 0.022108 2.115533 1059.2 455.0 -27.5 10.055 10.059

0.022348 10.046 109 0.022348 2.137881 1069.2 449.5 -25.1 10.061 10.046

0.022638 10.048 110 0.022638 2.160519 1079.3 443.9 -25.7 10.059 10.048
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0.022905 10.058 111 0.022905 2.183424 1089.3 439.1 -21.2 10.046 10.058

0.021137 9.133 112 0.021137 2.204561 1098.5 432.1 -32.6 10.048 9.133

0.023507 10.059 113 0.023507 2.228068 1108.5 427.9 -19.1 10.058 10.059

0.025948 10.964 114 0.025948 2.254016 1119.5 422.5 -22.2 9.133 10.964

0.010923 4.579 115 0.010923 2.264939 1124.1 419.2 -18.4 10.059 4.579

0.013136 5.484 116 0.013136 2.278075 1129.5 417.5 -14.7 10.964 5.484

0.024495 10.061 117 0.024495 2.302570 1139.6 410.7 -36.6 4.579 10.061

0.024717 10.053 118 0.024717 2.327287 1149.7 406.7 -16.7 5.484 10.053

0.025017 10.052 119 0.025017 2.352304 1159.7 401.8 -20.1 10.061 10.052

0.025345 10.059 120 0.025345 2.377649 1169.8 396.9 -20.0 10.053 10.059

0.025642 10.057 121 0.025642 2.403291 1179.8 392.2 -18.7 10.052 10.057

0.025981 10.062 122 0.025981 2.429272 1189.9 387.3 -19.5 10.059 10.062

0.026205 10.058 123 0.026205 2.455477 1199.9 383.8 -13.5 10.057 10.058

0.026677 10.055 124 0.026677 2.482154 1210.0 376.9 -26.6 10.062 10.055

0.026924 10.056 125 0.026924 2.509078 1220.1 373.5 -13.0 10.058 10.056

0.027247 10.059 126 0.027247 2.536325 1230.1 369.2 -16.3 10.055 10.059

0.027529 10.059 127 0.027529 2.563854 1240.2 365.4 -14.1 10.056 10.059

0.027884 10.046 128 0.027884 2.591738 1250.2 360.3 -18.9 10.059 10.046

0.028251 10.066 129 0.028251 2.619989 1260.3 356.3 -14.4 10.059 10.066

0.028687 10.061 130 0.028687 2.648676 1270.4 350.7 -20.0 10.046 10.061

0.028916 10.053 131 0.028916 2.677592 1280.4 347.7 -10.8 10.066 10.053

0.029272 10.057 132 0.029272 2.706864 1290.5 343.6 -14.3 10.061 10.057

0.029506 10.051 133 0.029506 2.736370 1300.5 340.6 -10.2 10.053 10.051

0.030099 10.065 134 0.030099 2.766469 1310.6 334.4 -21.4 10.057 10.065

0.060995 20.113 136 0.060995 2.827464 1330.7 329.8 -10.4 10.051 20.113

0.028222 9.151 137 0.028222 2.855686 1339.8 324.3 -12.6 10.065 9.151

0.034223 10.974 138 0.034223 2.889909 1350.8 320.7 -11.7 10.057 10.974

0.031718 10.052 139 0.031718 2.921627 1360.9 316.9 -11.6 10.056 10.052

0.031982 10.061 140 0.031982 2.953609 1370.9 314.6 -7.5 9.151 10.061

0.032522 10.057 141 0.032522 2.986131 1381.0 309.2 -16.9 10.974 10.057

0.032788 10.058 142 0.032788 3.018919 1391.0 306.8 -7.7 10.052 10.058

0.033136 10.061 143 0.033136 3.052055 1401.1 303.6 -9.7 10.061 10.061

0.033463 10.054 144 0.033463 3.085518 1411.2 300.5 -9.7 10.057 10.054

0.033857 10.063 145 0.033857 3.119375 1421.2 297.2 -9.8 10.058 10.063

0.034059 10.049 146 0.034059 3.153434 1431.3 295.1 -6.5 10.061 10.049

0.034645 10.059 147 0.034645 3.188079 1441.3 290.3 -14.0 10.054 10.059

0.03491 10.059 148 0.034910 3.222989 1451.4 288.1 -6.5 10.063 10.059

0.032006 9.139 149 0.032006 3.254995 1460.5 285.5 -7.9 10.049 9.139

0.01763 4.993 150 0.017630 3.272625 1465.5 283.2 -9.6 10.059 4.993

0.017755 5.005 151 0.017755 3.290380 1470.5 281.9 -7.6 10.059 5.005

0.016868 4.737 152 0.016868 3.307248 1475.3 280.8 -6.2 9.139 4.737

0.018676 5.218 153 0.018676 3.325924 1480.5 279.4 -8.2 4.993 5.218

0.018244 5.064 154 0.018244 3.344168 1485.5 277.6 -10.1 5.005 5.064

0.018151 5.027 155 0.018151 3.362319 1490.6 277.0 -3.5 4.737 5.027

0.018284 5.031 156 0.018284 3.380603 1495.6 275.2 -10.0 5.218 5.031

5.115             5.064 5.115


image21.emf
0

100

200

300

400

500

600

700

800

0

200

400

600

800

1000

1200

1400

1600

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

V

e

l

o

c

i

t

y

m

/

s

D

i

s

t

a

n

c

e

m

Time (sec)

Trial No:- 6Z055      Rnd No:  2


image22.emf
-100

-50

0

50

100

150

200

250

300

0

100

200

300

400

500

600

700

800

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

A

c

c

e

l

g

Time (sec)

V

e

l

o

c

i

t

y

m

/

s

Trial No:- 6Z055      Rnd No:  2


image23.png
i
di

00:000s  00:99%

01:999

02939 03999 04999 05998 06:998;

07.938; 08998 093¢




image24.png
@ |

W onioft





image25.jpeg
MICROCHIP

PIC12F629/675

8-Pin Flash-Based 8-Bit CMOS Microcontroller

High-Performance RISC CPU:
+ Only 35 Instructions to Learn
- Al single-cycle instructions except branches
+ Operating Speed
- DC - 20 MHz oscillatoriclock input
- DC-200 ns instruction cycle
+ Interrupt Capabilty
+ 8-Level Deep Hardware Stack
+ Direct, Indirect, and Relative Addressing modes

Special Microcontroller Features:

+ Interal and External Oscillator Options.
- Precision Internal 4 MHz oscillator factory
calibrated to 1%

- External Oscillator support for crystals and
resonators,
- 5 s wake-up from Sleep, 3.0V, typical
+ Power-Saving Sleep mode
Wide Operating Voltage Range - 2.0V to 5.5V
+ Industrial and Extended Temperature Range
Low-Power Power-on Reset (POR)
+ Power-up Timer (PWRT) and Oscillator Start-up
Timer (OST)
Brown-out Detect (BOD)
Watchdog Timer (WDT) with Independent
Oscillator for Reliable Operation
Multplexed MCLR/input Pin
Intertupt-on-Pin Change
Individual Programmable Weak Pul-ups
Programmable Code Protection
* High Endurance Flash/EEPROM Cel
- 100,000 write Flash endurance
- 1,000,000 write EEPROM endurance
- Flash/Data EEPROM Retention: > 40 years

Low-Power Features:
+ Standby Current
- 1nA @ 20V, typical
+ Operating Current
- 8.5 A @ 32 kHz, 2.0V, typical
- 100 4A @ 1 MHz, 2.0V, typical
* Watchdog Timer Current
- 300 nA @ 2.0V, typical
+ Timer! Oscillator Current
- 44A@ 32 kHz, 2.0V, typical

Peripheral Features:

+ 61/0 Pins with Individual Direction Control

High Current Sink/Source for Direct LED Drive

Analog Comparator module with:

- One analog comparator

- Programmable on-chip comparator voltage
reference (CVREF) module

- Programmable input multiplexing from device
inputs

- Comparator output is extemally accessible

Analog-to-Digital Converter module (PIC12F675):

- 10-bit resolution

- Programmable 4-channel input

- Voltage reference input

Timer0: 8-Bit Timer/Counter with 8-it

Programmable Prescaler

Enhanced Timert

- 16-bit timer/counter with prescaler

- External Gate Input mode

- Option to use OSC1 and OSC2 in LP mode
s Timert oscillator, if INTOSC mode
selected

In-Circuit Serial Programming™ (ICSP™) via

two pins

Program
Device Memery SR vo | TOPUAD | Comparators | - Timers
Fiash SRAM | EEPROM (eh) a16-bit
(words) | (bytes) | (bytes)
PiGizr620 7024 & 128 5 = T n |
PIC1zF675 1024 ] 28 6 4 T "

* 8-bit, 8-pin devices protected by Microchip's Low Pin Count Patent: U.S. Patent No. 5,847.450. Additional U.S. and
foreign patents and applications may be issued or pending.

© 2010 Microchip Technology Inc.
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Pin Diagrams

8-pin PDIP, SOIC, DFN-S, DFN

— ves
J+— GPOCINvICSPDAT
= GPICINICSPCLK.
|-— cPzmockunTicOUT

oot
cpsmickioscou (|2 § 7
GPATTGIOSC2CLKOUT o—s (|3 é 6|
Ot
wo—ffs 8
eesmrckioscreun —{z 5 7
cPumTTGOSCaCOUT ~—~{fs 5
GPAMCLRVPe —=| -

[l-— ves

= GPOANGICINGCSPOAT
= GPUANICINMREICSPOLK
e GP2ANZTOCKINTICOUT

DS41190G-page 4
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PIC12F683

8-Pin Flash-Based, 8-Bit CMOS Microcontrollers with
nanoWatt Technology

High-Performance RISC CPU:

+ Only 35 instructions to lean:
- Al single-cycle instructions except branches
* Operating speed:
- DC - 20 MHz oscillator/clock input
- DC - 200 s instruction cycle
« Interrupt capability
+ 8-level deep hardware stack
+ Direct, Indirect and Relative Addressing modes.

Special Microcontroller Features:

+ Precision Intemal Oscillator:

- Factory calibrated to 1%, typical

- Software selectable frequency range of

8 MHz t0 125 kHz

- Software tunable
Two-Speed Start-up mode
Crystal fal detect for critical applications

- Clock mode switching during operation for

power savings

+ Power-Saving Sleep mode
Wide operating voltage range (2.0V-5 5V)
+ Industrial and Extended temperature range
Power-on Reset (POR)
+ Power-up Timer (PWRT) and Oscillator Start-up.

Timer (OST)
Brown-out Reset (BOR) with software control
option
Enhanced Low-Current Watchdog Timer (WDT)
with on-chip oscillator (software selectable nomi-
nal 268 seconds with full prescaler) with software
enable
Multplexed Master Ciear with pull-upfinput pin
Programmable code protection
+ High Endurance Flash/EEPROM cell

- 100,000 write Flash endurance

- 1,000,000 write EEPROM endurance

- Flash/Data EEPROM Retention: > 40 years

Low-Power Features:

+ Standby Current
- 50nA @ 2.0V, typical
+ Operating Current
- 11 pA @ 32 kHz, 20V, typical
- 220 4A @ 4 MHz, 2.0V, typical
* Watchdog Timer Current
- 1HA @20V, typical

Peripheral Features:

* 60 pins with individual direction control:

- High current sourcelsink for direct LED drive

- Interrupt-on-pin change

- Individually programmable weak pull-ups

- Ultra Low-Power Wake-up on GPO.

Analog Comparator module with:

- One analog comparator

- Programmable on-chip voltage reference
(CVREF) module (% of Voo)

- Comparator inputs and output exterally
accessible

AD Converter

- 10-bit resolution and 4 channels

Timer0: 8-bit tmer/counter with 8-bit

programmable prescaler

Enhanced Timert

- 16-bit timer/counter with prescaler

- External Timer1 Gate (count enable)

- Option to use OSC1 and OSC2 in LP mode as
Timer1 oscilator f INTOSC mode selected

Timer2: 8-bit tmer/counter with 8-bit period

register, prescaler and postscaler

Capture, Compare, PWM module

- 16-bit Capture, max resolution 12.5 ns

- Compare, max resolution 200 ns.

- 10-bit PWM, max frequency 20 kHz

In-Circuit Serial Programming™ (ICSP™) via

two pins

Program Memory Data Momory —
Dovice U0 |10-bit AID (ch) | Comparators
Flash (words) | SRAM (bytes) | EEPROM (bytos) 86-bit
PIC1ZF683 2048 128 256 6 [ 1 o

© 2007 Microchip Technology Inc.

DS41211D-page 1
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8-Pin Diagram (PDIP, SOIC)
Voo —{]1 8[l——— Vss.
GPS/TICKIOSCI/CLKIN ~—(]2 8 7[l~— GPO/ANO/CIN+/ICSPDAT/ULPWU
4
GP4/ANITTG/OSC2/CLKOUT <—[]3 &  6[1~— GPV/ANI/CIN-VREFICSPCLK
z
GPAMCIRNVPP —=[14 5[J~—= GP2AN2ITOCKIINTICOUTICCP1
8-Pin Diagram (DFN)
Voo 1 8 ——Vss
GPSITICKIOSCY/CLKIN +— [ 2 7] +——= GPOIANOICIN/ICSPDATIULPWU
GP4/AN3/TIG/OSC2ICLKOUT «— |3 FIo127683 6[| «— GP1/AN1/CIN-/VREF/ICSPCLK
GPAMCIRNe? —— |4 5] ~——= GP2IAN2ITOCKIINTICOUTICCP1
8-Pin Diagram (DFN-S)
Voo —— |1 8] — Vss
GPSITICKIOSC/CLKIN ~— |2 7]+~ GPOIANOICIN+/ICSPDATIULPWU
GPAIANSTGIOSC2/CLKOUT [ PIC1ZF883 b cpuanticinvmeriosPoLK
GPAMCIRVPP —— 4 5] ~—— GP2IAN2ITOCKIINT/ICOUT/CCP1
TABLE1:  8-PIN SUMMARY
0 [ Pin | Analog [Comparators| Timer ccP [ interrupts | Pull-ups Basic
PO | 7 AND T = = C Y| ICSPOATIULPWU
GP1_| 6 | ANIVREF | CIN- — = 10c Y ICSPCLK
P2 | 5 ANZ COUT | Tocki | ccpi | Wmioc | ¥ —
GPIM | 4 — — — — [ Y@ MCLR\Vep.
GPa | 3 ANG = Tie = 3 Y| OSC2iCLKouT
GPs | 2 — — TICKI — oc_ | ¥ OSCI/CLKIN
e ] - - = - - | = Voo
— 18 = — = - e Vss
Note 1: Inputonly.

Only when pin is configured for external MCLR,

DS41211D-page 2

©2007 Microchip Technology Inc.
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8-Pin MCU with High Precision 16-bit PWMs

Description:

PIC12(L)F1571/2 microcontrollers combine the capabilties of 16-bit PWMs with Analog to suit a variety of applications.
‘These devices deliver three 16-bit PWMs with independent timers for applications where high resolution is needed, such
as LED lighting, stepper motors, power supplies and other general purpose applications. The core independent
peripherals (16-bit PWMs, Complementary Waveform Generator), Enhanced Universal Synchronous Asynchronous
Receiver Transceiver (EUSART) and Analog (ADCs, Comparator and DAC) enable closec-oop feedback and
‘communication for use in multiple market segments. The EUSART peripheral enables the communication for
applications such as LIN.

Core Features:

igital Peripherals:

* C Compiler Optimized RISC Architecture * 16-Bit PWM:
- Only 48 nsuctons - Thes 165t WM i ncspendent mers
* Operating Speed: - Multiple output modes (standard, center

- DC - 32 MHz clock input aligned, set and toggle on register match)

- 125 ns minimum instruction cycle - User settings for phase, duty cycle, period,
« Interrupt Capability offset and polarity
* 16-Level Deep Hardware Stack 5 :s:“ ":e’°a°5?“yb el i
e * Inerups genersted based n tmer matches
o DA Tiners Wi fset. iy cyce.peros and phase 1o
- T ston 16 Tiers il sng e e A

- Riing ano fling sdga deac-band cotc

* Power-on Reset (POR)
 Power-up Timer (PWRT) - Multiple signal sources.

iversal n
LowPivmn Browmrout Fas E [UHOR] Enhanced Universal Synchronous Asynchronous

P ble Watchdog Timer (WDT) up Receiver Transceiver (EUSART).
rogrammable Watchdog Timer wio g e
2565 Supports LIN applications.

+ Programmable Code Protection Device /0 Port Features:

Memory: + Six1I0s

SO — « Individually Selectable Weak Pulk-ups

+ Up to 256 Bytes Data SRAM M * Interrupt-on-Change Pins Option with Edge-
3 yles Data ermory Selectable Option

* Direct, Indirect and Relative Addressing modes

+ 128 Bytes of Nonvolatile Data Storage, Low-Power Features:

-Endurance F
HatrEncirancs Flaan (1200 + Sleep mode: 20 nA @ 1.8V, typical

tics: * Watchdog Timer: 260 nA @ 1.8V, typical
+ Operating Current
- 30 UAMHz @ 1.8V, typical

Operating Character

+ Operating Voltage Range:
- 1.8Vt 3.6V (PIC12LF1571/2)
- 23V1t0 55V (PIC12F157112)
- Temperature Range:
- Industrial: 40°C to 85°C
- Extended: 40°C to 125°C
 Internal Voltage Reference module

+ In-Circuit Serial Programming™ (ICSP™) via Two
Pins

2013-2014 Microchip Technology Inc. DS40001723C-page 1
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Analog Peripherals

+ 10-Bit Analog-to-Digital Converter (ADC)

- Up to four extemal channels

- Conversion available during Sleep

Comparator

- Low-Power/High-Speed modes

- Fixed Voltage Reference at (non)inverting
input(s)

- Comparator outputs extemally accessible

- Synchronization with Timer1 clock source

- Software hysteresis enable

5-Bit Digitalto-Analog Converter (DAC)

- 5bit resolution, raikto-rail

- Positive Reference Selection

- Unbuffered 1/0 pin output

- Intemal connections to ADCs and
comparators

Voliage Reference:

- Fixed Voltage Reference with 1.024V, 2,048V
and 4,096V output levels

PIC12(L)F1571/2 FAMILY TYPES

Clocking Structure:

+ Precision Internal Oscillator:
- Factory calibrated 1%, typical
- Software-selectable clock speeds from
31 kHz 10 32 MHz
+ External Oscillator Block with
- Resonator modes up to 20 MHz
- Two external clock modes up to 32 MHz
+ Fail-Safe Clock Monitor
+ Two-Speed Oscillator Start-up
+ Digital Oscillator Input Available

H £ g H z
el 2, £ H Elg|g E |s
owie |3 E5| 2 (5| 5 | S|E|8 (5|25 %
HEHIEREE : 5 |S|5|8|2|3
@1 E2| & | 8 g E e | & | @ w | a

£ s H 8 | ®|é

|e| g 8 3 -

&

PIC12(L)F1571 A 1 128 6 247 3 1 1 1
PIC12(L)F1572 | A 2 256 6 2047 1 1 1

Note 1: |- Debugging integrated on chip.

2 Three additional 16-bit timers available when not using the 16-bit PWM outputs.
Data Sheet Index: (Unshaded devices are described in this document.)

A DS40001723

PIC12(L)F1571/2 Data Sheet, 8-Pin Flash, 8-bit MCU with High-Precision 16-bit PWM.

DS$40001723C-page 2
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PIN DIAGRAMS

Pin Diagram - 8-Pin PDIP, SOIC, DFN, MSOP

voo 1 8[Jvss

well, § § o[Jraooseonr
ralls 3 3 6fTranmcspow
raiicivee[Je 8 B s[lra

Note: See Table 1 for location of all peripheral functions.

TABLE1:  8-PIN ALLOCATION TABLE (PIC12(L)F1571/2)
T

H ] s %
H B H e = & ° Els 2
o | 2 H i £ §
e g8 B |2 ¢ H 3 H HHER
£ 2 H H £
£
RAD 7 | ANG | DACTOUT | GiiNe — Pz ™ CWGTB oc | ¥ ICSPDAT
oK) ICDDAT
R | o [ | e [ome | = | pen | m@ = [ e [ v ] Tesp
oo
w5 [ma| = [oow| oo | ewe | — [ omEm [welv] =
o |
we s =] = [ = [ men | - 2 = lwec[v] wm
o
RAS 3 AN3. — CHINI- TG Pzt r@ﬂ cweis woc | v CLKoUT
o
e [ 2 [ = | = | - | vee || mem | oo e | v | e
o P s e B G = S i e R
o T S = O = e

Note 1 Allamate pin funcion selecied wih e APFCON (Registr 11-1)regser
2 PICI2F1572 only.

©2013-2014 Microchip Technolagy Inc. DS40001723C-page 3
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PIC12(L)F1822/16(L)F1823

8/14-Pin Flash Microcontrollers with XLP Technology

High-Performance RISC CPU:

+ Only 49 Instructions to Learn
- All single-cycle instructions except branches.

Operating Speed

- DC - 32 MHz oscillatoriclock input

- DC-125 ns instruction cycle

Interrupt Capabilty with Automatic Context

Saving

16-Level Deep Hardware Stack with Optional

Overflow/Underflow Reset

Direct, Indirect and Relative Addressing modes:

- Two full 16-bit File Select Registers (FSRs)

- FSRs can read program and data memory

Flexible Oscillator Structure:

Precision 32 MHz internal Oscillator Block

- Factory calibrated to 1%, typical

- Software selectable frequencies range of
31 kHz t0 32 MHz

31 kHz Low-Power Internal Oscillator

Four Crystal modes up to 32 MHz

‘Three External Clock modes up to 32 MHz

4X Phase Lock Loop (PLL)

Fail-Safe Clock Monitor:

- Allows for safe shutdown if peripheral clock
stops.

Two-Speed Oscillator Start-up

Reference Clock module:

- Programmable clock output frequency and
duty-cycle

Special Microcontroller Features:

Full 5.5V Operation — PIC12F1822/16F 1823
1.8V-3.6V Operation — PIC12LF1822/16LF1823
Self-Reprogrammable under Software Control
Power-on Reset (POR), Power-up Timer (PWRT)
and Oscillator Start-up Timer (OST)
Programmable Brown-out Reset (BOR)
Extended Watchdog Timer (WDT)

In-Circuit Serial Programming™ (ICSP™) via
two pins

In-Circuit Debug (ICD) via Two Pins

Enhanced Low-Voltage Programming (LVP)
Operating Voltage Range:

- 1.8V-5.5V (PIC12F1822/16F1823)

- 1.8V-36V (PIC12LF1822/16LF1823)
Programmable Code Protection
Self-Programmable under Software Control

Extreme Low-Power Management
PIC12LF1822/16LF1823 with XLP:

+ Sleep mode: 20 nA @ 1.8V, typical

+ Watchdog Timer: 300 nA @ 1.8V, typical

+ Timert Oscillator: 650 nA @ 32 kHz, typical

+ Operating Current: 30 WAIMHz @ 1.8V, typical

Analog Features:

+ Analog-to-Digtal Converter (ADC) module:
- 10-bit resolution, up to 8 channels
- Conversion available during Sieep
+ Analog Comparator module:
- Up to two raikto-rail analog comparators
- Power mode control
- Software controllable hysteresis
+ Voltage Reference modle:
- Fired Voltage Reference (FVR) with 1.024V,
2,048V and 4,096V output levels
- 5t raikto-ral resistive DAC with positive
and negative reference selection

Peripheral Highlights:

+ Upto 11 1O Pins and 1 Input-Only Pin
- High current sink/source 25 mA/25 mA

- Programmable weak pull-ups

- Programmable interrupt-on-change pins

Timer0: 8-8it Timer/Counter with 8-Bit Prescaler

Enhanced Timert

- 16-bitimer/counter with prescaler

- External Gate Input mode

- Dedicated, low-power 32 kHz oscillator driver

- Timer2: 8-8it Timer/Counter with 8-Bit Period
Register, Prescaler and Postscaler

Enhanced CCP (ECCP) modules

- Software selectable time bases.

- Auto-shutdown and auto-restart

- PWM steering

Master Synchronous Serial Port (MSSP) with SPI

and IPC™ with

- 7-bit address masking

- SMBusIPMBuS™ compatibity

Enhanced Universal Synchronous Asynchronous.

Receiver Transmitter (EUSART) module

- RS-232, R$-485 and LIN compativle

- Auto-Baud Detect

+ Capacitive Sensing (CPS) module (mTouch™)
- Up o 8 nput channels

©2010-2014 Microchip Technology Inc.

DS400014130-page 1
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Peripheral Features (Continued):

+ Data Signal Modulator module

- Selectable modulator and carrier sources
« SR Lateh

- Multple Se/Reset input options

- Emulates 555 Timer applications

TABLE 1:  PIC12(L)F1822/1840/PIC16(L)F182X/1847 FAMILY TYPES

x| 2 = =23

I - z|z £/8%

R AL PRI PO S N

5 | 23 |ET(28|S |8 2|5 |3(2|5(|%2n |8 (%o

Device | EE|Ee|nglz|2/2|5|gd|2|e(358(5(2

2 z |4 2 H Eg| 2 ||228 HIE

% | 5% |aS|88|2 =z (8| E|FS|2||%2° | |8

s |28 (8 |8 3|els|F2B|5]ea | &

£ 8= |5 EREAR 2(88

8| & 228
PICT2(LF1822 | (1) | 2K | 256 [ 128 6 | 4 | 4 [ 1 |21 [ 1] 1] ono | v W] Y
PIC12F1840 | (2) | 4K | 256 [256 [ 6 [ 4 |4 [ 1 [2n [1[1| oo [ ¥ [wH[Y
PICI(L)F1823 | (1) | 2K | 256 [128 |12 8 |8 |2 [ 211 [ 1 [ 1] w00 | Y [wH]Y
PICI6(L)F1824 | (3) | 4K | 256 [ 256 (12| 8 |8 [ 2 [an [ 1|1 e [ ¥ [wH[Y
PICI6(L)F1825 | (4) | 8K | 256 [1024] 12| 8 |8 |2 [an [ 11| w2 [ ¥ [im| ¥
PICI6(UF1826 | (5) | 2K | 256 [ 266 [16 [ 12 [12] 2 [ 211 [ 1|1 o0 | Y [WH]Y
PICI6(L)F1827 | (5) | 4K | 256 [384 [16 [ 12 [12] 2 [ an [ 1|2 w2 [ Y (M| Y
PICIB(U)F1828 | (3) | 4K | 256 [ 266 [ 18 (12 [12] 2 [ 4 |1 [ 1| 2 [ ¥ [wH[Y
PICIS()F1829 | (4) | 8K | 256 [1024] 18 12 [12| 2 [ an | 1 2| e | Y [wH|Y
PICIGL)F1847 | (6) | 8K | 256 [1024[ 16 [ 12 [12] 2 [ an [ 1 2| w2 | Y [WH]Y

Note 1: 1~ Debugging, Integrated on Ghip; H - Debugging, available using Debug Header.

2 One pin is input-only
Data Sheet Index: (Unshaded devices are descrived in this document.)
DS41413  PIC12(L)F1822/PIC16(L)F1823 Data Sheet, 8/14-Pin Flash Microcontrollers.
DS41441  PICT2(L)F1840 Data Sheet, &-Pin Flash Microcontroliers
DS41419  PIC16(L)F 182411828 Data Sheet, 28/40/44-Pin Flash Microcontrolers.
DS41440  PIC16(L)F1825/1829 Data Sheet, 14/20-Pin Flash Microcontrolies.
DS41391  PIC16(L)F1826/1827 Data Sheet, 18/20/28-Pin Flash Microcontroliers.
DS41453  PICTG(L)F1847 Data Sheet, 18/20/28-Pin Flash Microcontrolers

Note:  For other small form-factor package avalabiity and marking informalion, please visit
www microchip.com/packaging or contact your local sales offce.

DS40001413D-page 2 © 2010-2014 Microchip Technology Inc.
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FIGURE 1: 8-PIN DIAGRAM FOR PIC12(L)F1822
PDIP, SOIC, DFN, UDFN

Voo b vss
RAS 1 RAOICSPDAT
RA4 RA/ICSPCLK
MCLRIVPPIRAS RA2

IN ALLOCATION TABLE (PIC12(L)F1822)
T

8|85 s |B] & |e
e| ¢ |8 B3B8 |8 5|3 |3 &
: (85|87 " |® £ |©
RAO | 7 | AND |DACOUT|CPSO | CTIN+ [ — =, PIB™ [ TXMSDOM [ TOC | MDOUT | Y | ICSPDAT
oK | SSW ICDDAT
RA1[ 6 | AN1 | Wrers | CPS1|C1INO-| SRI — - RXM[SCL | 10C | MDMIN | Y [ ICSPCLK
o1 | sck ICPCLK
RAZ [ 5 | ANZ — | cPS2[CIOUT| SRQ | TOCKI | CCPIM| — [ SDA | INT/ |MDCINT| ¥ -
P1At sDI | loc
o
RA3| 4| — | — o= TG — | — [ss™ [10C| — |Y] moR
o
RA4 | 3 | AN3 — [cPSI[CiNt-| — | T1G™ | P18™ | TX ['SD0M [16C |MDCINZ| ¥ | 0SC2
T1080 cKi CLKOUT
CLKR
RAS | 2 - - — | SRNQ|[ TiCKI [ CCPIM [ RXT | — 10¢ = Y[ osct
T108I | P1A® | DT CLKIN
T e e e e e L e e
Volol = | - = e e e S

Note 1:Pin funcion s seleciable via the APFCON regiter

© 20102014 Microchip Technology Inc. DS400014130-page 3
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FIGURE 2:

14-PIN DIAGRAM FOR PIC16(L)F1823

PDIP, SOIC, TSSOP

voo [
RAS5 [}
RA4 []
RCTRIVePIRAS (]
Res ]
Rea]
Rrea

PIC16(L)F1823

Hvss
[] RAUICSPDAT
[J RAt/ICSPCLK
[ra2
[ rco
O ret
[1re2

3
€

Res 6

FIGURE3: _ 16-PIN DIAGRAM FOR PIC16(L)F1823
QFN, UQGFN

8 ¢ 98
2 2 82
e e

RAS 12| RAONCSPDAT

a2 | RatCSPCLK
PIC16(L)F1823

MCIRVePIRAS 10] RA2
RC5 9| Reo

Rre2 7
Ret [le

DS40001413D-page 4
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PIC16(L)F18313/18323

Full-Featured, Low Pin Count Microcontrollers with XLP

Description

PIC16(L)F 18313118323 microcontrolers feature Analog, Core Independent Peripherals and Communication
Peripherals, combined with eXireme Low Power (XLP) for wide range of general purpose and low-power applications.
The Peripheral Pin Select (PPS) functionality enables pin mapping when using the digital peripherals (CLC, CWG:
CCP, PWM and communications) to add fexibity to the application design.

Core Features

+ C Compiler Optimized RISC Architecture
Only 49 Instructions.

Operating Speed

- DC - 32 MHz clock input

- 125 ns minimum instruction cycle
Interrupt Capabilty

16-Level Deep Hardware Stack

Two 8-bit Timers

One 16-bit Timer

Low-Current Power-on Reset (POR)
Configurable Power-up Timer (PWRTE)
Brown-out Reset (BOR) with Fast Recovery
Low-Power BOR (LPBOR) Option
Extended Watchdog Timer (WDT) with Dedicated
On-chip Oscillator for Reliable Operation
Programmable Code Protection

Memory

+ 35 KB Flash Program Memory

+ 2568 Data SRAM Memory

+ 2568 of EEPROM

+ Direct, Indirect and Relative Addressing Modes

Operating Characteristics

+ Operating Voltage Range:
- 1.8V1t0 36V (PICT6LF18313/18323)
- 2.3Vt 55V (PIC16F18313/18323)
+ Temperature Range:
- Industrial: 40°C to 85°C
- Extended: -40°C to 125°C

eXtreme Low-Power (XLP) Features.

+ Sleep mode: 40 nA @ 1.8V, typical
+ Watchdog Timer- 250 nA @ 1.8V, typical
+ Secondary Oscillator: 300 nA @ 32 kHz
+ Operating Current

- BUA@ 32 kHz, 1.8V, typical

- 37 UAMHz @ 1.8V, typical

Power

-Saving Operating Modes

+ IDLE: Abilty t0 put the CPU core to Sieep while
internal peripherals continue operating from the.

system clock

DOZE: Abilty t run the CPU core slower than the

system clock used by the internal peripherals

SLEEP: Lowest Power Consumption

Peripheral Module Disable (PMD): Peripheral

power disable hardware module to minimize

power consumption of unused peripherals

Digital Peripherals

Configurable Logic Cell (CLC):

- Two CLCs

- Integrated combinational and sequential logic

Complementary Waveform Generator (CWG):

- Rising and falling edge dead-band control

- Full-bridge, hal-bridge, 1-channel drive

- Multiple signal sources

Capture/Compare/PWM (CCP) modules:

- Two CCPs

- 16-bit resolution for Capture/Compare mades

- 10-bit resolution for PWM mode

Pulse-Width Modulators:

- Two 10-bit PWMs

Numerically Controlled Oscillator (NCO):

- Precision linear frequency generator(@50%
duty cycle) with 0.0001% step size of source
input clock

- Input Clock: 0 Hz < Fio < 32 MHz

- Resolution: Fyoo/2%0

Serial Communications:

- EUSART
- RS-232, R$-485, LIN compatible
- Auto-baud detect, Auto-wake-up on start

- Master Synchronous Serial Port (MSSP)

- spl
- PC™, SMBus, PMBus™ compatible

+ Data Signal Modulator (DSM):

- Modulates a carrier signal with digtal data to
create custom carrier synchronized output
waveforms

© 2015 Microchip Technology Inc.
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* Upto 12110 Pins:
- Individually programmable pull-ups
- Slew rate control
- Interrupt-on-change with edge select
- Input level selection control (ST or TTL)
- Digital Open-Drain enable

« Peripheral Pin Select (PPS)
- 1O pin remapping of digital peripherals

Timer Modules

« Timero:

- 8/16-bit timer/counter

- Synchronous or asynchronous operation

- Programmable Prescaler/Postscaler

- Time base for Capture/Compare function

Timer? with Gate Contro

- 16-bit timericounter

- Programmable internal or external clock
sources

- Muliple gate sources

- Muliple gate modes.

- Time base for Capture/Compare function

Timer2:

- &-bittimer

- Programmable Prescaler/Postscaler

- Time base for PWM function

Analog Peripherals

+ 10-bit Analog-to-Digital Converter (ADC):
- Upto 17 external channels
- Conversion available during Sleep
+ Comparator.
- Up to two comparators
- Fixed Voltage Reference at non-inverting
input(s)
- Comparator outputs externally accessible
+ 5-Bit Digitak1o-Analog Converter (DAC):
- 5-bit resolution, raikto-rail
- Positive Reference Selection
- Unbuffered 110 pin output
- Internal connections to ADCs and
comparators
* Voltage Reference
- Fixed Voltage Reference with 1.024V, 2.048V.
and 4,096V output levels

Flexible Oscillator Structure

+ High-Precision Intemal Oscilltor.
- Software selectable frequency range up to 32
MHz
- 1% at nominal 4 MHz calibration point
+ 4xPLL with External Sources
« Low-Power Interal 31 kHz Oscillator
(LFINTOSC)
« External Low-Power 32 kiz Crystal Oscillator
(S0SC)
+ External Oscilator Block with:
- Three CrystalResonator modes up to 20
MHz
- Three External Clock modes up to 20 MHz
- Fail-Safe Clock Monitor
- Allows for safe shutdown if peripheral clock
stops.
- Oscillator Start-up Timer (OST)
- Ensures stabilty of crystal oscillator
resources.

DS40001788A-page 2
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Pin Diagrams

FIGURE 1: 8-PIN PDIP, SOIC, UDFN
veot o sfives
Ras[2 B 7[JRAOCSPDAT
rals 5 sfRatmcsro
VeNCIRRAS[)4 & s[Ra
FIGURE 2: 14-PIN PDIP, SOIC, TSSOP
voo({1 a1 ves
masll? g 130 RacsPOAT
Ra[d  §  12[] RAMICSPCLK
veeCIRRASO¢ £ M0 Ra
Resfs 3 1OfRco
Reafls 2 9fRet
resf7 B 8flrc2
FIGURE 3: 16-PIN UQFN
fg28
ras)t @ 12| RAOICSPDAT
a2 1] RATIGSROLK
RAHETRVer |3 PICTBLIF18323 1ol
Res Jo oo
Note 1: It is recommended that the exposed bottom pad be connected to Vss, but must not be the main Vss
connection to the device.
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PIC12(L)F1840

8-Pin Flash Microcontrollers with XLP Technology

High-Performance RISC CPU:

Only 49 Instructions to Learn:

- All single-cycle instructions except branches
Operating Speed

- DC - 32 MHz oscillator/clock input

- DC - 125 ns instruction cycle

Interrupt Capability with Automatic Context
Saving

16-Level Deep Hardware Stack with Optional
Overflow/Underflow Reset

Direct, Indirect and Relative Addressing modes:
- Two full 16-bit File Select Registers (FSRs)
- FSRs can read program and data memory

Flexible Oscillator Structure:

+ Precision 32 MHz Interal Oscillator Block

- Factory calibrated to 1%, typical

- Software selectable frequencies range of
31 kHz 10 32 MHz

31 kHz Low-Power Interal Oscillator

Four Crystal modes up to 32 MHz

Three External Clock modes up to 32 MHz

4X Phase Lock Loop (PLL)

Fail-Safe Clock Monitor.

- Allows for safe shutdown if peripheral clock
stops

Two-Speed Oscillator Start-up

Reference Clock module:

- Programmable clock output frequency and
duty-cycle

Special Microcontroller Features:

+ Operating Vohage Range:
- 2.3V-55V (PIC12F1840)

- 1.8V-3.6V (PIC12LF1840)

Sel-Reprogrammable under Software Control

Power-on Reset (POR), Power-up Timer (PWRT)

and Oscillator Start-up Timer (OST)

Programmable Brown-out Reset (BOR)

Extended Watchdog Timer (WDT)

In-Circut Serial Programming™ (ICSP™) via

two pins

In-Circuit Debug (ICD) via Two Pins

Enhanced Low-Voltage Programming (LVP)

+ Programmable Code Protection

+ Power-Saving Sleep mode

Extreme Low-Power Management with
PIC12LF1840 XLP:

Sleep mode: 20 nA @ 1.8V, typical
Watchdog Timer: 500 nA @ 1.8V, typical

‘Timer! Oscillator: 300 nA @ 32 kHz, 1.8V, typical
Operating Current: 30 WA/MHz @ 1.8, typical

Analog Features:

Peripheral Hig|

Analog-to-Digital Converter (ADC) module:

- 10-bit resolution, 4 channels

- Conversion available during Sieep

Analog Comparator module:

- One raikto-rail analog comparator

- Power mode control

- Software controllable hysteresis.

Voltage Reference module

- Fixed Voltage Reference (FVR) with 1.024V,
2,048V and 4.096V output levels

- 5-bitraikto-railresistive DAC with positive
and negative reference selection

hts:

50 Pins and 1 Input Only Pin
- High current sink/source 25 mA/25 mA

- Programmable weak pullups

- Programmable interrupt-on-change pins
Timero: &-Bit Tmer/Counter with 8-Bit Prescaler
Enhanced Timert

~ 16-bit timer/counter with prescaler

- Extemal Gate Input mode

- Dedicated, low-power 32 kHz oscillator drver
Timer2: 8-Bit Timer/Counter with 8-Bit Period
Register Prescaler and Postscaler

Enhanced CCP (ECCP) module:

- Software selectable time bases

- Auto-shutdown and auto-restart

- PWM steering

Master Synchronous Serial Port (MSSP) with SPI
and PC™ with

- 7-bit address masking

- SMBusIPMBUS™ compatibilty

Enhanced Universal Synchronous Asynchronous.
Receiver Transmitter (EUSART) module:

- RS-232, RS~485 and LIN compatible

- Auto-Baug Detect

Capacitve Sensing (CPS) module (mTouch™)

- 4input channels

©2011-2013 Microchip Technology Inc.
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Peripheral Features (Continued):

+ Data Signal Modulator module:
- Selectable modulator and carrier sources
+ SR Lateh
- Mutiple SetReset input options
- Emulates 555 Timer applications

PIC12(L)F1822/1840/PIC16(L)F182X/1847 Family Types

x 2. == HEE)
A R AT AR
oeio | B | 22 (BE\EETISEE(525 8 258(3(0|
] 55 g|s83 8 = E|ES|2 L£ZO| g | 8%
s| 28|87 |8 IR s |99
2| E: | 2|3 HEH
PIC12(L)F1822 | (1) 2K 256 [ 128 | 6 4141 21 111 0110 YWY
PIC12(L)F1840 (2) 4K 256 | 256 | 6 B 411 21 1 & 0/1/0 Y [MH]|Y
PIC16(L)F1823 1) 2K 256 (128 12| 8 [ 8 | 2 | 21 iy 1100 Y [WH|Y
PIC16(L)F1824 | (3) 4K 256 {266 (12| 8 |8 | 2 | 41 111 112 Y [IH|Y
PIC16(L)F1825 | (4) 8K 256 (1024|112 | 8 |8 | 2 | 41 ¥ 112 Y [WH|Y
PIC16(L)F1826 | (5) 2K 256 (256 |16 |12 [12] 2 | 21 i 110/0 Y [WH]|Y
PIC16(L)F1827 | (5) 4K 256 [ 384 [ 16|12 [ 12| 2 | 41 b 12 Y |[H|Y
PIC16(L)F1828 | (3) 4K 256 [ 256 |18 |12 [12| 2 | 41 111 112 Y [WH]|Y
PIC16(L)F1829 | (4) 8K 256 [1024] 18 | 12 [ 12| 2 | 41 112 e Y [WH]Y
PIC16(L)F1847 | (6) 8K 256 [1024|16 | 12 12| 2 | 41 112 nr Y [H]Y
Note 1: |- Debugging, Integrated on Chip; H - Debugging, available using Debug Header.
2: One pin is input-only.
Data Sheet Index: (Unshaded devices are described in this document )
 DSHAS | PICIALIFIGZIPICIBUF 1625 Data Snet, /14-Pi Fash Micocontrollrs
Ds41441 PIC12(L)F1840 Data Sheet, 8-Pin Flash Microcontrollers.
DSH41S  PIGIG(LF1824/1528 Data Sheet, 84D/t Pin Flash Mecocontollrs
DSHMO  PIGIS(F1825/1629 Data Shee, 1420.P1n Flssh Mcroconsalers
:  DS41391 PIC16(L)F1826/1827 Data Sheet, 18/20/28-Pin Flash Microcontrollers.
6: DS41453 PIC16(L)F1847 Data Sheet, 18/20/28-Pin Flash Microcontrollers.

Note: For other small form-factor package availbility and marking information, please visit
hitp:/www.microchip.com/packaging or contact your local sales office.
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FIGURE 1:

8-PIN DIAGRAM FOR PIC12(L)F1840

PDIP, SOIC, DFN
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TABLE 1: 8-PIN ALLOCATION TABLE (PIC12(L)F1840)
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