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Introduction


Due to the large variation in device parameters between individual BJTs and MOSFETS, a curve tracer is necessary in ensure desired performance of a circuit design by verifying the transfer characteristics of a given device. The Tektronix 370B curve tracer can be operated either manually with the front panel controls or via a GPIB interface utilizing LabView to automatically configure and operate the system.

While both manual and automatic operation of the curve tracer operates the system under identical parameters, the repeatability and precision of accurate results is determined, in part, by the user when utilizing the curve tracer to determine device characteristics. Further, the user interface in manual and automatic mode varies in difficulty of operation and directly affects the accuracy of obtained results.

The comparison between automatic and manual transfer acquisition was based on the Ergonomics of the user interface, the precision of the data acquisition method along with notable errors causing abnormal operation, and the method of data recovery. Although the automatic interface has operational errors, the precision provided by it’s on screen cursors far exceeded that of the manual mode. Further, the automatic setup increased the rate at which data could be acquired and reduced errors introduced through manual operation of the equipment.

It is therefore recommended to use the curve tracer in automatic mode to facilitate collection of accurate data.

Analysis

The Tektronix 370B curve tracer’s automatic and manual operation modes were evaluated based on:
· User Interface

· Errors in Operation

· Precision
· Data Recovery Method
Criteria Selection

The above mentioned criteria were selected on the basis of analyzing both data acquisition modes for characteristics that might affect data accuracy and reputability. The user interface is the command input to the curve tracer and adversely effects data accuracy if an improper setup is preformed. It is important to provide a simple and straight forward user interface in order to simplify setup and reduce the probability for user error during operation. Automatic acquisition software can have errors in programming that could affect measurement outcomes.

In engineering, the precision of a data acquisition system is of paramount importance since it signifies the capability to produce accurate, repeatable results. The precision of the curve tracer is directly related to the standard deviation of a set of results, and verification of the precision will differentiate between typical measurement accuracy of either mode.

The process in which data is recovered from the curve tracer after the component under evaluation has been tested provides the user with data that can be analyzed or displayed in a technical report. An acceptable method of data recovery is mandatory in order to have the capability to distribute the results of the devices performance.

The precision of an instrument is by far, the most important contributing factor is selecting a data acquisition mode, followed by the simplicity of the user interface and the method of data acquisition.
 Criteria Comparison
· User Interface
While both manual and automatic mode require the user to manually setup the device under evaluation, automatic control with LabView greatly reduces the complexity of equipment operation by automating the configuration and sweep process.
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Figure 1. Tektronix 370B curve tracer [1], and transistor connection [2].
The manual setup common to both modes of operation includes connecting the device to be evaluated (figure 1) using the following procedure:

1. Insert the transistor into the breadboard and connect the emitter, base, and collector leads.
2. Close the protective electrical cover.

3. Set the device selector switch to the left or right device, and enable outputs.

The automatic user interface greatly simplifies device testing by automatically configuring the curve tracer’s operational parameters. The user will be presented with a numeric and drop down input panel and a start button to initiate the curve trace (Figure 2). 
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Figure 2. Automatic control user interface. [2]

The procedure for automatic operation is:
1. Select the device to be analyzed from the drop down menu.

2. Enter the vertical, horizontal, and step size in the numeric entry boxes.
3. Click “Run Curve Tracer” to initiate a curve trace.

Although the manual mode user interface is more complex, it allows the user to have more control over the curve tracer then its automatic counterpart. In manual mode, the curve tracer requires a relatively extensive setup consisting of:
1. Confirming maximum voltage and power settings.

2. Selecting display inversion.

3. Setting step generator to current or voltage.
4. Selecting step amplitude.

5. Selecting bias polarity and bias step direction.

6. Selecting vertical and horizontal division settings.
7. Sweeping collector current supply.

· Errors in Operation

While the manual mode presented no errors in device operation, the automatic mode encounters programming errors when attempting to trace the transfer characteristic of most devices. When the specified value of 100mV per division is selected for the horizontal setup, the control software configures the curve tracer to perform an output characteristic. This problem can be corrected by selecting 10mV per division for the horizontal setup.
· Precision

Repetitive testing of a 2N3904 switching transistor on both manual and automatic mode showed that the standard deviation of the measured early voltage (Figure 3) was roughly 3 times greater in manual mode then in automatic mode. The curve tracer was configured and run 10 times for each mode and the resulting data was processed to provide a relative indication of measurement accuracy.
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Figure 3. Precision of early voltage measurement.

· Data Recovery Method

In automatic mode Early voltage, collector voltage and current are displayed after selecting two points in the saturation region with the on screen cursors. The resulting intercept is calculated and displayed as well as the voltage and current at the cursor location (Figure 4).
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Figure 4. Automatic data recovery.
Although the program allows one to print, and the screen can be copied, there is no implemented way to save the numeric data from the curves.

During manual mode operation, the user must select a point on the curve and adjust the slope of a line curser until is roughly parallel to the saturation curve in order to obtain a value of the early voltage (Figure 4). The manual aspect of selecting the slope is inherently inaccurate and often introduces errors. 

The display can be captured on a 3.5” floppy and is far better for use in figures then the associated automatic display.
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Figure 4. Manuel data recovery.

Conclusions

Based on the above comparisons, the following conclusions have been reached:
1. The user interface in automatic operation is considerably simpler then the manual interface. 
2. The on screen cursors in automatic mode are more accurate in determining early voltage then those in manual mode.

3. The precision of automatic mode is 3 times greater then that of manual mode.
4. Although manual mode is less accurate, the screen captures are considerably better for use as figures in reports due to their increased clarity.
Recommendations

Due to the above stated conclusions it is recommended that the user select automatic operation then using the Tektronix 370B curve tracer in order to improve data precision and simplify setup. 

Operation in automatic mode greatly decreases the complexity of the configuration, thereby reducing the possibility for introducing errors through improper setup. The automatic configuration based on device selection is a great advance over the corresponding manual configuration.  
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