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ME3200 Electronic Instrumentation and Measurement
Lab 6
Measurement of Digital Signals
This courseware product contains scholarly and technical information and is protected by copyright laws and international treaties. No part of this publication may be reproduced by any means, be it transmitted, transcribed, photocopied, stored in a retrieval system, or translated into any language in any form, without the prior written permission of Acehub Vista Sdn. Bhd.
The use of the courseware product and all other products developed and/or distributed by Acehub Vista Sdn. Bhd. are subject to the applicable License Agreement.
For further information, see the Courseware Product License Agreement.
Objectives

i) To familiarize with measurement techniques
ii) To study the analog to digital conversion
iii) To study and measure digital signals
iv) To familiarize with pulse measurement
Equipment Required
i) ME3200 Electronic Instrumentation Kit

ii) Triple Output DC Power Supply, recommendation : Agilent E3631A

iii) Function Generator or equivalent, recommendation : Agilent 33220A or U2761A

iv) 60 MHz Oscilloscope or equivalent, recommendation : Agilent DSO1002A 60 MHz or U2701A

Note: setup instruction and basic operation of U2761A and U2701A are provided in the appendix.

Accessories Required

i) 4 x Power supply cable with banana-to-grabber clips
ii) 3 x Jumper cable with grabber clips
iii) 1 x BNC(m)-to-grabber clips coaxial cable
iv) 1 x Antistatic wrist strap
Caution
An electrostatic discharge generated by a person or an object coming in contact with electrical components may damage or destroy the training kit. To avoid the risk of electrostatic discharge, please wear the antistatic wrist strap and observe the handling precautions and recommendations contained in the EN100015-1 standard. Do not connect or disconnect the device while it is being energized.
1. Introduction

Analog to Digital Conversion
An analog-to-digital converter (ADC) is a device that converts continuous signals (analog voltage) into discrete digital values that are proportional to the magnitude of the continuous signals. The ADC is usually available as an integrated circuit. Figure 1 shows the electrical symbol for an analog-to-digital converter (ADC).
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Figure 1 – Electrical Symbol for Analog-to-Digital Converter (ADC)
The operations of an ADC can be divided into two processes, which are sampling and quantization. Sampling is done by a sample and hold circuit that will produce values at a predefined sampling interval for digitization. Quantization is a process where the analog values at discrete time intervals are converted into discrete binary values. During the quantization process, the ADC uses an integer value from a predefined and finite list of values in order to represent each of the analog samples. Each of the integer value in the list represents a fraction of the full-scale voltage range of the ADC. 

The resolution of an ADC refers to the smallest change in voltage that the ADC able to detect. It also refers to the voltage that is represented by one least significant bit (LSB) in the converted digital value. Since the ADC generates a binary output that corresponds to a fraction of its full-scale voltage range, VFSR, the full-scale voltage range will depend on the reference voltage, Vref supplied to the ADC. For bipolar operation, the VFSR will depend on two reference voltage pins on the ADC, which are Vref+ and 
Vref– . However, for single-ended operation, there is only one reference voltage pin on the ADC, which is Vref , while Vref– is grounded internally. Therefore, the full scale voltage is as follows:
Bipolar Operation:

VFSR = Vref+ – Vref–
Single-Ended Operation:
VFSR = Vref

Another element that determines the resolution of an ADC will be the number of bits, N for an ADC. An 

N-bit ADC can product 2N possible output combinations, with 2N – 1 intervals between two successive values. These values are in the range of M from 0 to 2N – 1 (unsigned integer). Therefore, the resolution of an N-bit ADC is as follows: 
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where

Q is the resolution in volts per step



VFSR is the full-scale voltage range



N is the number of bits for an ADC
For example, a 3-bit ADC with VFSR = 8 V can convert an analog input to one in eight different levels with seven intervals; the ADC voltage resolution is 8 V/8 Steps = 1000 mV/step. The converted digital output value can be interpreted by multiplying the voltage resolution with the ADC digital output value,
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The ADC digital output value refers to the Mth step of the digital signal. By referring back to the previous example, we can determine the converted voltage on the 5th step (Mth step) = 1000 mV/step X 5 = 
5000 mV. This means that at the 5th step (in digital form as 101), the converted voltage at that particular level is 5 V.
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Figure 2 – Analog to Digital Conversion Module on the ME3200 Electronic Instrumentation Kit
Figure 2 shows the Analog-to-Digital Conversion module on the ME3200 Electronic Instrumentation Kit. This module consists of three main portions, which are the 8-bit ADC (ADC0804LCN), D-Type Flip-Flops/Latches (74HCT373N), and also the Digital Signal Display.
The 8-Bit ADC converts the analog input, and outputs it as 8 bits digital signal. The D-
Type Flip-Flops latch the 8 bits data and sends the data to the LED display driver (ULN2803APG) in order to display the digital signal through the LEDs.

The LED D0 and LED D7 represent the least significant bit (LSB) and most significant bit (MSB) of the converted digital signal respectively. The LEDs are turned on (set to high) to display the particular bits for the digital signal. Figure 2 shows that the D-type Flip-Flops latch the converted digital signal 1101 0011, and LEDs D0, D1, D3, D6, and D7 are turned on in order to represent the digital signal.
Transition Time
The transition time is the time that a dynamic system needs to switch between two different stable states when responding to a stable input signal. Typically, in a digital signal that is undergoing a change of state, it identifies the rise time or the fall time of the signal. This is shown in Figure 3.
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Figure 3 – Transition Time of a Signal
The upper waveform in Figure 3 has steep leading and lagging edges, while the lower waveform has a measureable rise time, tr and fall time, tf. As illustrated, the rise time, tr is the time required for the leading edge of the pulse to rise from 10% to 90% of the pulse amplitude. Similarly, the fall time, tf is the time taken for the trailing edge to fall from 90% to 10% of the pulse amplitude. The pulse width, the space width, and the time period of a waveform can be determined from the time base (TIME/DIV) selection of the oscilloscope. Pulse width is determined by multiplying the TIME/DIV setting by the horizontal divisions occupied by the pulse, whereas the pulse amplitude is determined by VOLT/DIV × (waveform vertical divisions).
2. Measurement of Digital Signals
2.1 Power On the ME3200 Electronic Instrumentation Kit
1. The ME3200 Electronic Instrumentation Kit requires two power supplies (+5 V and +9 V) in order to operate.
2. Turn on the power supply unit. Set the dual channel output voltages to exactly +5 V and +9 V, respectively. Set both current limits to 1.0 A. After the power supply is configured, disable all the power supply outputs. Next, connect the power supply to the ME3200 Electronic Instrumentation Kit as shown in Figure 4.
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Figure 4 – Connections Between the Power Supply and the ME3200 Electronic Instrumentation Kit
3. Connect the +9V of the power supply output to test points TP1 and GND to TP3 of the ME3200 Electronic Instrumentation Kit respectively.
4. Connect the +5V of the power supply output to the test points TP2 and GND to TP3 of the ME3200 Electronic Instrumentation Kit respectively.
5. Make sure that the polarities of the terminals are correctly connected. Refer to Table 1 to verify your connections.
Table 1 – Connection Between the Power Supply and the ME3200 Electronic Instrumentation Kit
	ME3200 Electronic Instrumentation Kit
	Power Supply Unit

	+9 V Terminal, TP1
	+9V Terminal

	GND Terminal, TP3
	GND Terminal

	+5 V Terminal, TP2
	+5V Terminal

	GND Terminal, TP3
	GND Terminal


6. After the connections are verified, enable the power supply outputs. The annunciators on the display panel of the power supply should be turned on. This indicates that the power supply is providing a constant voltage supply to the ME3200 Electronic Instrumentation Kit. 
7. If the CC annunciator is on, disable the power supply output. Check if this is due to the current limit setting or a faulty connection. Refer to your lab instructor for verification.

Caution: 
The ME3200 Electronic Instrumentation Kit does not contain an on-board voltage regulation circuit. DO NOT OVER SUPPLY the maximum required voltages to the ME3200 Electronic Instrumentation Kit as this might damage the components on the board.
2.2 Analog to Digital Conversion
Measurement of the Digital Signal

1. Figure 5 shows the 8-Bit ADC (U3) and D-Type Flip-Flops/Latches (U4) on the ME3200 Electronic Instrumentation Kit. An analog input signal is fed into the input of ADC in order to perform analog to digital conversion. The converted digital signal is latched by the D-Type Flip-Flops/Latches. The signal can be latched either manually (by pressing the push button, PB2) or automatically, according to the position of the jumper J28. The latched digital signal is displayed by the LEDs as shown in Figure 5. The ADC can be reset by pressing the push button, PB1.
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Figure 5 – ADC and D-Type Flip-Flops/Latches on the ME3200 Electronic Instrumentation Kit
2. Connect the jumper J28 to positions 1 and 2 as shown in Figure 6. This will allow you to latch the converted digital signal manually by pressing the push button PB2.
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Figure 6 – Position of the Jumper J27
3. Connect all jumpers from J20 to J27 as shown in Figure 7 if they are not yet connected. This will allow the converted digital signal to be latched by the D-Type Flip-Flops/Latches.
4. Enable the power supply outputs.
5. Connect the red probe and black probe of function generator to the IN8 terminal (TP33) and the GND terminal (TP34) respectively as shown in Figure 7.
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Figure 7 – Connections Between the Function Generator and the ADC
6. From the function generator, you can select the DC Volts feature and set the desired constant dc voltage as an analog signal to the ADC.

7. Calculate the voltage resolution, Q (Volt/Step) of the ADC if it is a single-ended operation with the Vref = 5 V and it is an 8-bit ADC. Record the calculated value in the appendix.
8. Calculate the converted voltage, VADC as stated in Table 3 in the appendix. Based on the calculated converted voltage, input the desired voltage level on the function generator with the numeric keypad or the knob. The amplitude of the VDC value that you set in the function generator is equal to half of the calculated converted voltage, VADC/2. Enable the analog signal from the function generator.
9. Press the push button, PB2 on the D-Type Flip-Flops/Latches in order to latch the digital signal and output it to the LEDs.

10. Observe and record the display of LEDs in Table 3 in the appendix. This is the converted digital signal.
11. Repeat step 10 to step 12 in order to complete Table 3 in the appendix.

Pulse Measurements

1. Connect the jumper J28 to positions 2 and 3 as shown in Figure 8. This will allow the converted digital signal to latch automatically and output it to the LEDs.
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Figure 8 – Position of the Jumper J28
2. Set a square wave from function generator as an input to the ADC.
3. Set the frequency to 10 Hz.
4. Set the amplitude of the signal to 500 mV.
5. Set the Duty Cycle to 50%.
6. Enable the function generator.
7. With an oscilloscope, observe the signal on the IN8 terminal (TP33) and sketch it in the appendix. Measure the amplitude, the period, and the pulse width of the signal.
8. Observe the status of the LEDs. The blinking LEDs indicate the converted digital signal.
9. Measure ∆V, rise time (tr), and fall time (tf) of the signal and sketch them in the appendix. You may need to zoom-in on the rising and falling edges of the signal in order to have a better observation of the transition time.
10. Repeat steps 7 to 9 by setting the amplitude of the function generator to 1 V.
Digital Output Circuits
1. Connect the Centigrade Temperature Sensor, the Gain Amplifier, the Voltage Comparator, and the Buzzer Circuit as shown in Figure 9.
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Figure 9 – Connections for the Centigrade Temperature Sensor and Relay Circuit
2. Refer to Table 2 to verify your connections.
Table 2 – Circuit Connections for Centigrade Temperature Sensor and Relay Circuit
	From
	To

	OUT5 terminal, TP15 of the 

Centigrade Temperature Sensor
	IN7 terminal, TP28 of the

Gain Amplifier

	OUT9 terminal, TP31 of the

Gain Amplifier
	IN9 terminal, TP38 of the 

Voltage Comparator

	OUT10 terminal, TP41 of the

Voltage Comparator
	IN10 terminal, TP43 of the 

Relay Circuit


3. The signal on the OUT5 terminal, TP15 is the analog output signal of the centigrade temperature sensor. The sensor will convert the analog temperature of the environment into an analog voltage form. This voltage will be amplified through the gain amplifier so that it is able to be compared with the voltage comparator and hence, trigger the digital output circuit (Relay Circuit).
4. The centigrade temperature sensor consists of a fan and a heater. The temperature around the sensor can be varied according to the position of the jumpers J1 and J2, which are used to turn on/off the fan and the heater.
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Figure 10 – On/Off Condition for Fan and Heater
5. Turn off both the fan and the heater by connecting the jumpers J1 and J2 to their OFF position.
6. Turn the variable resistor VR2 in order to vary the gain of the amplifier (the counter-clockwise direction to increase and the clockwise direction to decrease). Slowly adjust the potentiometer (VR2) knob until the resistance equals to approximately 40 kΩ. You may measure the resistance through TP27 and TP30. This allows the analog output voltage from the temperature sensor to be scaled to five times larger than the original magnitude.
7. Turn the variable resistor VR3 in the clockwise direction until it stops.
8. Turn on the power supply.
9. Measure the voltage at the terminal OUT5, TP15 on the centigrade temperature sensor using the oscilloscope. The measured voltage should be in mV, which is the output of the temperature sensor. The sensitivity of the temperature sensor is 10 mV per degree Celsius. The room temperature detected by the sensor is 
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. Record the voltage in the appendix. This voltage is equivalent to the room temperature of the environment.
10. Turn on the fan and the heater by connecting the jumpers J1 and J2 to their ON position.

11. Record your observation on the condition of temperature and relay circuit in the appendix
12. Measure the voltage levels in TP45 and TP46 if necessary. Turn off the heater when there is a change of state for the relay circuit.
13. Turn off the power supply.
3. Discussion (Solution)
1. Briefly explain the operation of analog to digital conversion.
The conversion of an analog to digital signal is done in 2 steps. The first is sampling. Sampling will hold the analog signal for quantization at a predefined interval. The second is quantization. Quantization compares the sampled analog value and generates integers form a predefined and finite lest of values
2. What is the function of the D-Type Flip-Flops?
The D-type flip-flips allow the outputs of the ADC to be latched for easy viewing as the conversion process may be too fast for stables results to be observed

3. Explain the function of the digital output circuit and its resolution. Give two examples of a digital output circuit on the ME3200 Electronic Instrumentation Kit.
The digital output circuit of the ME3200 converts analog signals to digital signals. The signals can be displayed continuously or when triggered manually. The digital values can be read individually at test points or by observing the output LEDs. The resolution of the ADC is 8bits (256 levels). The first example of a digital circuit is the ADC0804 and the second is the comparator as it has a digital output.

4. Suggest an application for the digital output circuit on the ME3200 Electronic Instrumentation Kit based on the observation of the experiment in Section 2.2.
It can be used to display the temperature of a room and if the temperature exceeds a certain value, it can also be used to trigger the buzzer as a fire alarm.

5. Explain why the LEDs are blinking during the pulse measurement? Support your answer based on the graphs that you sketched in the appendix. 

The LEDs are blinking because the temperature of the sensor is at the threshold. Oscillation at the threshold will cause the LEDs to blink.

Appendix

Analog-To-Digital Converter

ADC reference voltage Vref

= 
5V


ADC full-scale voltage range, VFSR
= 
5V


Number of bits, N for the ADC

= 
8


Voltage Resolution of the ADC, Q
= 
0.0196V

Table 3 – Results of Measurements

	Mth  Step
	Converted Voltage, VADC (V)

(Voltage Resolution × Mth  Step)
	VDC on Function Generator (V)
(VADC/2 if the output load of the function generator is high)
	Displayed Digital Signal on LEDs

	
	
	
	D7
	D6
	D5
	D4
	D3
	D2
	D1
	D0

	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	1
	0.0196
	0.0098
	0
	0
	0
	0
	0
	0
	0
	1

	2
	0.0392
	0.0196
	0
	0
	0
	0
	0
	0
	1
	0

	3
	0.0588
	0.0294
	0
	0
	0
	0
	0
	0
	1
	1

	4
	0.0980
	0.0392
	0
	0
	0
	0
	0
	1
	0
	0

	5
	0.1176
	0.0490
	0
	0
	0
	0
	0
	1
	0
	1

	6
	0.1372
	0.0588
	0
	0
	0
	0
	0
	1
	1
	0

	7
	0.1568
	0.0686
	0
	0
	0
	0
	0
	1
	1
	1

	8
	0.1764
	0.0784
	0
	0
	0
	0
	1
	0
	0
	0

	9
	0.1960
	0.0882
	0
	0
	0
	0
	1
	0
	0
	1

	10
	0.1960
	0.0980
	0
	0
	0
	0
	1
	0
	1
	0

	11
	0.2156
	0.1078
	0
	0
	0
	0
	1
	0
	1
	1

	12
	0.2352
	0.1176
	0
	0
	0
	0
	1
	1
	0
	0

	13
	0.2548
	0.1274
	0
	0
	0
	0
	1
	1
	0
	1

	14
	0.2744
	0.1372
	0
	0
	0
	0
	1
	1
	1
	0

	15
	0.2940
	0.1470
	0
	0
	0
	0
	1
	1
	1
	1

	16
	0.3136
	0.1568
	0
	0
	0
	1
	0
	0
	0
	0

	32
	0.6272
	0.3136
	0
	0
	1
	0
	0
	0
	0
	0

	64
	1.2544
	0.6272
	0
	1
	0
	0
	0
	0
	0
	0

	128
	2.5088
	1.2544
	1
	0
	0
	0
	0
	0
	0
	0

	255
	4.9980
	2.4990
	1
	1
	1
	1
	1
	1
	1
	1


On (High) = 1
Off (Low) = 0
Pulse Measurement

Amplitude of the function generator = 500 mV
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Amplitude
= 1.006V

Pulse Width
= 53.3ms

Period

= 106.6ms

Rise Time
= 4ns


Fall Time
= 4ns


∆V

= 200MV/s


Amplitude of the function generator = 1 V




Amplitude
= 1.73V


Pulse Width
= 53.3V


Period

= 106.6V

Rise Time
= 5ns


Fall Time
= 5ns


∆V

= 276.8MV/s


Digital Output Circuit
Output voltage on OUT5, VOUT5
= 
252.1mV

Room Temperature

= 
25.21°C

Observation


Appendix A

Tips on How to Use the Agilent U2761A USB Modular Function Generator

Front Panel of the Agilent U2761A USB Modular Function Generator
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Figure A-1 – Front Panel of the U2761A
Setup Connection

1. Connect the function generator to the PC using a USB cable.

2. Power on the function generator.

3. Launch the Agilent IO Control and the Agilent Measurement Manager (AMM).
4. The Select USB Device dialog box will appear displaying the connected U2761A devices. To start the application, select a U2761A device and click OK to establish the connection.

5. Click Output to enable or disable the output of the function generator after the desired parameters are set.

6. The U2761A is able to output five standard waveforms that are Sine, Square, Ramp, Triangle, Pulse, and DC.

7. You can select one of the three built-in Arbitrary waveforms or create your own custom waveforms.

8. You can also internally modulate Sine, Square, Ramp, Triangle, and Arbitrary waveforms using AM, FM, PM, FSK, PSK, or ASK.

9. The linear or logarithmic frequency sweeping is available for Sine, Square, Ramp, Triangle, and Arbitrary waveforms.

10. Table A-1 shows which output functions are allowed with modulation and sweep.

11. Each √ indicates a valid combination. If you change to a function that is not applicable for modulation, or sweep; then the modulation or mode will be disabled.

Table A-1 – Output Functions
	
	Sine
	Square
	Ramp
	Triangle
	Pulse
	DC
	Arbitrary

	AM, FM, PM, FSK, PSK, ASK Carrier
	√
	√
	√
	√
	
	
	√

	AM, FM, PM Internal Modulation
	√
	√
	√
	√
	
	
	√

	FSK, PSK, ASK Internal Modulation
	
	√
	
	
	
	
	

	Sweep Mode
	√
	√
	√
	√
	
	
	√


Agilent Measurement Manager Soft Front Panel (Function Generator)
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Figure A-2 – Graphic User Interface of the Agilent Measurement Manager (Function Generator)

Figure A-2 shows the graphic user interface of the Agilent Modular Function Generator under the Agilent Measurement Manager (AMM). Table A-2 shows the features of each panel of the interface.

Table A-2 – Features of the AMM Function Generator Interface

	No.
	Panel
	Features

	1
	Waveform Pattern Selection
	Select various types of output function by clicking the buttons.

	2
	Waveform Parameters
	Configure the function parameters (Frequency, Amplitude, and Offset)

	3
	Waveform Pattern Display
	Display a graph representation of the output function

	4
	Modes of Waveform
	Configure to modulation mode or sweep mode

	5
	Status Display
	Display the parameters and status of the configured output waveform

	6
	Trigger & Output Enable/Disable
	Enable/disable the Trigger and Output buttons (they are highlighted when enabled and grey when disabled)


Function Limitation

If you change to a function where the maximum frequency is less than the current function, the frequency will be adjusted to the maximum value for the new function. For example, if you are currently outputting a 20 MHz sine wave and then change to the Ramp function, the U2761A will automatically adjust the output frequency to 200 kHz (the upper limit for Ramp). As shown in Table A-3, the output frequency range depends on the function currently selected. The default frequency is 1 kHz for all functions.

Table A-3 – Output Frequency Range
	Function
	Minimum Frequency
	Maximum Frequency

	Sine
	1 µHz
	20 MHz

	Square
	1 µHz
	20 MHz

	Ramp, Triangle
	1 µHz
	200 MHz

	Pulse
	500 µHz
	5 MHz

	DC
	Not applicable
	Not applicable

	Arbitrary
	1 µHz
	200 kHz

2 MHz (U2761A Option 801)


Amplitude Limitation

The default amplitude is 1 Vpp (into 50 Ω) for all functions. If you change to a function where the maximum amplitude is less than the current function, the amplitude will automatically adjust to the maximum value for the new function. This may occur when the output units are Vrms or dBm due to the differences in crest factor for the various output functions. For example, if you output a 2.5 Vrms Square wave (into 50 Ω) and then change to the Sine wave function, the U2761A will automatically be adjusted the output amplitude to 1.768 Vrms (the upper limit for Sine wave in Vrms).
Duty Cycle Limitations

For Square waveforms, the U2761A may not be able to use the full range of duty cycle values at higher frequencies as shown below:

· 20% to 80% (frequency 10 MHz)

· 40% to 60% (frequency 10 MHz)

If you change to a frequency that cannot produce the current duty cycle, the duty cycle is automatically adjusted to the maximum value for the new frequency. For example, if you currently have the duty cycle set to 70% and then change the frequency to 12 MHz, the U2761A will automatically adjusts the duty cycle to 60% (the upper limit for this frequency).

Output Termination

This configuration applies to output amplitude and offset voltage only. The U2761A has a fixed series output impedance of 50 Ω to the device output connector. If the actual load impedance is different from the specified value, the amplitude and offset levels will be incorrect.

· The range of the output termination is 1 Ω to 10 kΩ, or Infinite. The default value is 50 Ω.

· The output termination setting is stored in volatile memory and upon power-off or after a remote interface reset, the setting will return to a default value. 

·  If you specify a 50 Ω termination but are actually terminating into an open circuit, the actual output will be twice the value specified. For example, if you set the offset to 100 mVDC (and specify a 50 Ω load) but are terminating the output into an open circuit, the actual offset will be 200 mVDC.

· If you change the output termination setting, the output amplitude and offset levels are automatically adjusted (no error will be generated). For example, if you set the amplitude to 5 Vpp and then change the output termination from 50 Ω to high impedance, the amplitude value will double to 10 Vpp. If you change from high impedance to 50 Ω, the displayed amplitude value will drop to half.

· You cannot specify the output amplitude in dBm if the output termination is currently set to high impedance. The units are automatically converted to Vpp.

You may configure the output termination by clicking Tools in the menu bar. Select Waveform Gen followed by the Output Setup tab; input the desired load impedance value on the Impedance Load panel, and select the unit from the drop down list; or select High Z for high impedance load.

Appendix B

Tips on How to Use the Agilent U2701A USB Modular Oscilloscope

Front Panel of the Agilent U2701A USB Modular Oscilloscope
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Figure B-1 – Front Panel of the U2701A
Setup Connection

1. Connect the oscilloscope to the PC using a USB cable.

2. Power on the oscilloscope.

3. Launch the Agilent IO Control and the Agilent Measurement Manager (AMM).
4. The Select USB Device dialog box will appear displaying the connected U2701A devices. To start the application, select a U2701A device and click OK to establish the connection.

5. Figure B-2 shows the general graphical user interface of the Agilent Modular Oscilloscope on the Agilent Measurement Manager.
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Figure B-2 – Graphical User Interface of the Agilent Measurement Manager (Oscilloscope)

Agilent Measurement Manager Soft Front Panel (Oscilloscope)
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Figure B-3 – Soft Front Panel of the Oscilloscope

Figure B-3 shows the graphic user interface of Agilent Modular Oscilloscope under Agilent Measurement Manager together with the label of each panel. Table B-1 shows the features of each panel of the interface.

Table B-1 – Features of the AMM Oscilloscope Interface

	No.
	Panel
	Description

	1
	Oscilloscope toolbar
	Consists of oscilloscope tools

	2
	Waveform Acquisition tab
	Displays the time-domain waveform for the oscilloscope

	3
	FFT Analysis tab
	Displays the FFT spectrum of the signal

	4
	Configuration summary
	Displays the configured functions and settings

	5
	Waveform graph display
	Displays the output of the data acquired

	6
	Scope control tabs
	Consists of all the sub functions of the oscilloscope

	7
	Measurement Results panel
	Displays the measurement results of the scope operations

	8
	Status tab
	Displays the status panel, which shows the history of operations

	9
	Refresh rate
	Displays the graph update rate in frame/sec.

	10
	Video Sampling Rate
	Displays the video sampling rate (in number of samples per second taken from a continuous signal)

	11
	Calibration Delta Temp. indicator
	Displays the calibration delta temperature of the connected device


Analog Controls

The analog control panel of the interface consists of a vertical control and a horizontal control that are used to control and set the waveform of the graph display. The vertical control is used to change the vertical scale and position of the waveform. The soft front panel of the vertical system control is shown in Figure B-4.

[image: image19.emf]
Figure B-4 – Soft Front Panel of the Vertical System Control

1. To display waveform from channel 1 / channel 2, click 1 / 2 or press the shortcut key F5 / F6.

2. To toggle the channel on or off, click the channel buttons on the vertical control panel or click the toolbar to toggle the channel on or off, as shown below. 
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Figure B-5 – Channel On/Off Mode

3. The channel options provide four types of adjustment to the channel waveform; these options are AC Coupling, Invert, BW Limit, and Attenuation (1X, 10X, 100X). You may click the [image: image21.emf] button as shown in Figure B-6 to set the channel options.

[image: image22.emf]
Figure B-6 – Channel Options

4. The Volt/Div control sets the sensitivity of the channel. You can select the channel sensitivity from the drop-down list.

5. You can also use the [image: image23.emf] button or [image: image24.emf] button to increase or decrease the sensitivity of both channel 1 and channel 2.

6. You can also configure the offset of the oscilloscope by using the offset control as shown in Figure B-7. The offset is used to configure the position of the ground relative to the center of the display.

[image: image25.emf]
Figure B-7 – Soft Front Panel of the Offset Control

7. The oscilloscope shows the time per division in the scale readout. As all waveforms use the same time base, the oscilloscope only displays one value for all channels.

8. The horizontal controls allow you to adjust the horizontal scale and position of waveforms. The horizontal center of the screen is the time reference for waveforms. Changing the horizontal scale causes the waveform to expand or contract in the center of the screen. It provides functions of Time Base, Delay, and Mode for the horizontal scale adjustment. This is shown in Figure B-8.

[image: image26.emf]
Figure B-8 – Soft Front Panel of the Horizontal System Controls

9. Time base allows you to control how often the values are digitized. The soft front panel of the time-base control is shown in Figure B-9.

[image: image27.emf]
Figure B-9 – Soft Front Panel of the Time-Base Control

10. You may click [image: image28.emf] or [image: image29.emf] to increase or decrease the horizontal sweep speed.

11. Select the time base from the drop-down list to adjust the horizontal sweep speed.

12. Delay setting allows you to set the specific location of the trigger event with respect to the time reference position. When the delay time knob is turned, the trigger point will move to the left or right of the waveform graph display. You may adjust the delay time to change the trigger point. This is shown in Figure B-10.

[image: image30.emf] [image: image31.emf]
Figure B-10 – Soft Front Panel of the Delay Control and Trigger Point

13. You may click [image: image32.emf] or [image: image33.emf] to increase or decrease the delay time.

14. The oscilloscope offers three types of horizontal mode functions, which are Main Mode, Roll Mode, and XY Mode. You may select the horizontal mode by clicking the drop-down list under Mode.

Measurement and Cursor Controls

1. The Measurements & Cursors button is located on the toolbar of the soft front panel.

2. Click [image: image34.emf] to activate the automated measurement and cursor system. This will display the window as shown below:

[image: image35.emf]
Figure B-11 – Soft Front Panel of the Measurement and Cursor Controls

3. The oscilloscope provides three types of settings for marker property, which are Auto, Manual, and Off.

4. Auto marker automatically places the cursors on the graph based on the selected measurements.

5. Manual marker allows the cursors to be placed manually on the graph for customized measurements. This will enable the Cursors panel.

6. Off will disable the graph markers from the graph display.

7. If the Manual marker is selected, the Cursors control will be enabled. This is shown in Figure B-12.

[image: image36.emf]
Figure B-12 – Cursor Controls

8. X Cursors places two cursors on the X-Axis of the waveforms to measure the time difference between the two cursors (X2 minus X1). Delta X denotes the time difference.

9. Y Cursors places two cursors on the Y-Axis of the waveforms to measure the voltage difference between the two cursors (Y2 minus Y1). Delta Y denotes the voltage difference.

AutoScale and Run/Stop

1. AutoScale automatically configures the oscilloscope to best display the input signal by analyzing any waveforms connected to the channel and external trigger inputs. If AutoScale fails, your current setup will remain unchanged.

2. Click [image: image37.emf] on the oscilloscope toolbar or via the Tools menu once you have obtained a running signal.

3. The auto scaling may take awhile for the application to analyze and adjust the waveform.

4. Once the auto scaling has completed, you will see a best fit waveform displayed on your graph.

5. Use the Run/Stop button to manually start or stop the oscilloscope acquisition system for acquiring waveform data.

6. You may click [image: image38.emf] or [image: image39.emf] to start or stop acquiring the waveform.
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The amplified signal from the signal amplifier is compared with a voltage of 4.88V. When the amplified voltage is greater than 4.88V, the comparator will change its output from low to high. This output is then connected to the base of the transistor which drives the relay turning it on. The relay will then redirect the power from D9 to D8
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