Lab 10: Summing Amplifiers
	Name:
Click or tap here to enter text.
	Date:
Click or tap to enter a date.


We saw previously that the inverting amplifier has a single input voltage, , applied to the inverting input terminal. If we add more input resistors to the input we end up with another operational amplifier circuit called a summing amplifier, summing inverter or even a voltage adder circuit as shown below.
[image: Diagram, schematic

Description automatically generated]
You showed in the prelab that the output voltage in the above circuit is related to the inputs according to 

The summing amplifier is a very flexible circuit indeed, enabling us to effectively “add” or “sum”, hence its name, together several individual input signals. If the inputs resistors, , ,  etc, are all equal a “unity gain inverting adder” will be made. However, if the input resistors are of different values a “scaling summing amplifier” is produced which will output a weighted sum of the input signals.
So what can we use summing amplifiers for? If the input resistances of a summing amplifier are connected to potentiometers the individual input signals can be mixed together by varying amounts.  For example, measuring temperature, you could add a negative offset voltage to make the output voltage or display read “0” at the freezing point.  Another common application would be an audio mixer for adding or mixing together individual waveforms (sounds) from different source channels (vocals, instruments, etc) before sending them combined to an audio amplifier as shown below.
[image: summing amplifier audio mixer circuit]
Adding a DC Offset to a Signal
The circuit below allows one to add a DC offset level to a signal as is commonly done in a function generator.  The original signal in experiences a gain of  and the offset signal has a gain of  so that the V range is converted to V.
Build this circuit and try various input signals and see how that you can move the signal vertically up and down by adding the DC offset with the potentiometer.
[image: Diagram, schematic

Description automatically generated]
Capture an oscilloscope trace where you have moved your input signal so that it is not centered on zero volts but not so much that the signal begins to clip.  

	



Digital to Analog Converter
[image: Diagram, schematic

Description automatically generated]A very basic digital-to-analog converter can be made with a weighted summing amplifier. Each successive bit in the digital word represents a level that is twice as large as the preceding bit. If each bit is taken as a given voltage, the increasing levels may be produced by using different gains in the summing inputs. A simple four-bit converter is shown to the right.
This system can create , or , different output voltage levels. Each of the four inputs are driven by a simple high/low logic level that represents a 1 or 0 for that particular bit. We will drive the four inputs with four digital output signals from the ELVIS II device.  These levels can be controlled by the ELVISmx Instrument named Digital Writer.  These outputs create V TTL-level signals where 5V represents a logical high (binary 1) and 0V represents logical low (binary 0).  
Note that the input resistors vary by factors of 2. The gain for the lowest path is  , or unity. This input is used for the most significant bit of the input word (MSB). The next input shows a gain of , or . The third input shows a gain of , and the final (top) input shows a gain of . The final input has the lowest gain and is used for the least significant bit of the input word (LSB).
Build the above circuit, using resistors where  and connect the inputs to the first four digital output channels of the ELVIS II.  Use the Digital Writer to set the input value to each of the possible 16 values and measure and record the output levels that you obtain below.
	Input
	Expected Output (V)
	Measured Output (V)

	0000
	Click or tap here to enter text.	Click or tap here to enter text.
	0001
	Click or tap here to enter text.	Click or tap here to enter text.
	0010
	Click or tap here to enter text.	Click or tap here to enter text.
	Click or tap here to enter text.	Click or tap here to enter text.	Click or tap here to enter text.
	Click or tap here to enter text.	Click or tap here to enter text.	Click or tap here to enter text.
	Click or tap here to enter text.	Click or tap here to enter text.	Click or tap here to enter text.
	Click or tap here to enter text.	Click or tap here to enter text.	Click or tap here to enter text.
	Click or tap here to enter text.	Click or tap here to enter text.	Click or tap here to enter text.
	Click or tap here to enter text.	Click or tap here to enter text.	Click or tap here to enter text.
	Click or tap here to enter text.	Click or tap here to enter text.	Click or tap here to enter text.
	Click or tap here to enter text.	Click or tap here to enter text.	Click or tap here to enter text.
	Click or tap here to enter text.	Click or tap here to enter text.	Click or tap here to enter text.
	Click or tap here to enter text.	Click or tap here to enter text.	Click or tap here to enter text.
	Click or tap here to enter text.	Click or tap here to enter text.	Click or tap here to enter text.
	Click or tap here to enter text.	Click or tap here to enter text.	Click or tap here to enter text.
	1111
	Click or tap here to enter text.	Click or tap here to enter text.

 Ladder DAC
To increase resolution, it appears that all you need to do to the summing amplifier version of the digital to analog converter is add extra channels with larger and larger resistors. Unfortunately, the resistor sizes soon become impractical, and another approach is required. For example, a 16-bit system would require that the LSB resistor be equal to .  One problem is that the resulting small input current may be dwarfed by input bias and offset currents. Also, high component accuracy is needed for the more significant inputs in terms of the input resistors and the drive signals. The excessively large resistors may also contribute added noise. The standard solution to this problem involves of the use of an   resistive divider network.
[image: Diagram, schematic

Description automatically generated]
Analysis of the  divider network is most easily done using Thevenin’s theorem.  A good discussion of how to do this is provided at the following microcontrollers lab web page.
https://microcontrollerslab.com/r-2r-ladder-dac-digital-to-analog-converter-working-examples-circuits/ 
Advantages of the  ladder DAC over the binary-weighted summing approach include that it can be fabricated easily, it requires only two resistor values instead of a wide range of resistors, the output resistance remains the same despite the number of bits, and increasing the resolution does not degrade the performance.  However, one significant disadvantage is that it has a slow conversion speed. 
Build a 3-bit version of the  Ladder DAC and measure the output for each of the  inputs.
	Input
	Expected Output (V)
	Measured Output (V)

	0000
	Click or tap here to enter text.	Click or tap here to enter text.
	0001
	Click or tap here to enter text.	Click or tap here to enter text.
	0010
	Click or tap here to enter text.	Click or tap here to enter text.
	Click or tap here to enter text.	Click or tap here to enter text.	Click or tap here to enter text.
	Click or tap here to enter text.	Click or tap here to enter text.	Click or tap here to enter text.
	Click or tap here to enter text.	Click or tap here to enter text.	Click or tap here to enter text.
	Click or tap here to enter text.	Click or tap here to enter text.	Click or tap here to enter text.
	111
	Click or tap here to enter text.	Click or tap here to enter text.
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