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EEEE 482 — Electronics II

Lab #2:  BJT Multistage Amplifier Design
Overview
The objective of this lab is to design, simulate, build, and test a multistage amplifier.  A three-stage operational amplifier is designed and built, using the differential amplifier of Lab #2 as the input stage.  The first stage is followed by a common-emitter pnp-based second stage, and a class AB output stage is added as a third stage to provide current drive and low output impedance.
Theory
A typical operational amplifier is designed to have a differential input, large input resistance, low output resistance and a very large voltage gain, often in the range of hundreds of thousands.  It is impractical to realize all these criteria with a single stage.  Consequently, we cascade many stages together to get the benefits of each.  The input impedance of the overall circuit will be that of the first stage and the output resistance of the total circuit will be that of the final stage.  The gain will be the product of the gains of the individual stages. 

A differential pair of transistors is used as the first stage in order to take advantage of its high input resistance and its common mode rejection.  This is typically followed by a common emitter stage to allow for a much larger overall gain. The final stage is an output stage that is used as an impedance buffer.  Although it has approximately unity voltage gain, it is useful for its high input impedance and low output impedance.  This allows us to drive small loads without compromising the overall gain of the amplifier.
Note that there are two diode-connected transistors in the circuit — Q4 and Q5 — that are used to bias the output stage.  Do all calculations as you normally would, except assume 0.7 V drop across each of those two diodes.  The 100 Ω resistors in the class AB output stage are there to limit the current during testing to prevent overheating Q6 and  Q7.  Take the output across RL.  To get zero DC output voltage, design for 11.3 V across RC3.
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Figure 1.  Multistage Amplifier
Pre-Lab

Review the planned experiments.  Using hand calculations and simulation, design the multistage amplifier of Figure 1 to meet the specifications below.  Your differential amplifier from Lab #2 should be used as the first stage.  There are enough degrees of freedom to choose a target DC bias current in the second stage within a reasonable range, but keep in mind that Q3 – Q5 must be kept comfortably out of saturation.  Calculated resistor values should be rounded to standard 5% tolerance values (see Appendix A).  For design purposes, use β = 150 for npn BJTs and β = 80 for pnp BJTs.  Also, use |VA| = 100 V for both devices.
Specifications:
Overall gain of 800 V/V ( 10 % with RL = ∞

DC output voltage of less than ( 0.5 V  (ideally 0 V at the output)


CMRR > 65 dB

Lab Exercise

Build the multistage amplifier as designed in the pre-lab work, with RL = ∞.  Test the multistage amplifier, measuring differential and common mode gains.  Now make RL = 1 kΩ and re-measure the actual gains.  

Notes:

(1) To measure the common mode gain you will need to apply the source voltage to both inputs simultaneously — i.e., as shown in Figure 2 for the input stage.

(2) To determine how large the input signals can be, consider the gain (differential or common mode) and the DC supply voltages.

(3) Drive with a 1 kHz sine wave.
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Figure 2.  Common-Mode Stimulus of Input Stage 

Note:  Keep the complete multistage amplifier circuit assembled for Lab #4.
Lab #3 Tech Memo Guidelines

Address all of the following in your tech memo:

· Summarize your design calculations and simulation results.
· Generate plots showing the measured differential-mode input and output signals (Vp-p) as well as the average (DC) output voltage.  There should be one plot of the output voltage (vs. time) with RL = ∞, and another one for RL = 1 kΩ.  

· Generate plots showing the common-mode signals.

· Summarize your measured gain results, as well as the CMRR values that you realized.  Hardware results should be compared to hand calculations, simulation and the specifications.  Compare the results from the two load resistances (RL = ∞ vs. RL = 1 kΩ).
Appendix A:

	 
	 
	 
	 
	 
	 
	 
	 

	Components Available in the Electrical Engineering Labs

	 
	
	
	
	
	
	
	 

	 
	100 Ω
	1.2 kΩ
	3.9 kΩ
	15 kΩ
	1 MΩ
	0.01 µF
	 

	 
	330 Ω
	1.5 kΩ
	4.7 kΩ
	33 kΩ
	1N914
	0.1 µF
	 

	 
	470 Ω
	1.8 kΩ
	5.6 kΩ
	47 kΩ
	1N404
	1 µF
	 

	 
	820 Ω
	2.2 kΩ
	6.8 kΩ
	100 kΩ
	1N4148
	10 µF
	 

	 
	1 kΩ
	3.3 kΩ
	10 kΩ
	470 kΩ
	1N4735
	100 µF
	 

	 
	
	2N3904
	2N3906
	
	 

	 
	
	2N4401
	2N4403
	
	 

	 
	 
	 
	 
	 
	 
	Created:
	8/11/2012


Check-Off Sheet

TA Signature: ____________________________ Date: ___________________________




































































































3
Electronics II – EEEE 482 — Lab #3:  BJT Multistage Amplifier Design — Rev 2.0  (10/9/12)
Page 1 of 5
Rochester Institute of Technology
Teaching Assistants — Office: 09-3248;  Phone: x5-7092

[image: image4.jpg]_1301945390.doc

[image: image1]

Q2N3904







vid







RE2







Q2N3906







vo







































10 F







100 







RC3







Q2











RC2







Q4







10 F







Q1







Q7







Q2N3904















Q5







Q6







6 mA







100 







100 







Q2N3906







~







100 







RE1







–VEE = –12 V































RL







10 k







VCC = +12 V











Q2N3906







Q3







RC1












_1411305348.doc

[image: image1]





vcm







Rin(2nd stage)















































vo















Q4











RC4















Q3































6 mA



















~







No connection here











–VEE = –12 V







































VCC = +12 V



















RC3












