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Lab Experiment 1 (option B): 

MOSFET Differential Amplifiers 
 

Objectives 

The general objective of this experiment is to contrast the practical behaviour of a real differential pair 
with its theoretical version.  Other more specific objectives are: 

a) to reinforce practical techniques to measure the most important MOSFET internal parameters 

b) to verify the differential and common mode operation 

c) to design a MOSFET differential amplifier. 

Components and Instrumentation 

1 CD4007 (CMOS transistor array, see the appendix) 

Several resistors (1% tolerance if possible, to facilitate matching the differential pairs) 

Two variable DC power supplies (0 to 20 V) 

A waveform generator 

A DMM with 2½ or more digits and resistance measurement capability 

A two-channel oscilloscope with x10 or x1 probes 

Theoretical Procedure, Part A 

A simple and effective method for measuring Vth and K for an n-channel MOSFET is illustrated in Fig. 1.  
From Fig. 1a, explain how Vth can be calculated by reading the DVM voltage.  Once Vth is known, explain 
how K can be calculated by reading the DVM voltage for the circuit in Fig. 1b. 

A similar procedure can be used for p-channel MOSFETs.  Fig. 2 shows the corresponding circuits.  
Explain the procedures to measure Vth and K for a P-MOSFET. 

Lab Procedure, Part A 

As seen in the appendix, the CD4007 CMOS array consists of 6 transistors, 3 p-channel and 3 n-channel, 
interconnected to some extent in order to reduce the number of IC pins required.  One critical issue is that 
pins 14 and 7 are the substrate connections for all the p-channel and all the n-channel devices, 
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Fig. 1  A simple technique to measure the internal parameters of a n-
channel MOSFET: (a) measuring Vth, (b) measuring K. 

respectively.  P-channel substrate (pin 14) must be connected to the most positive voltage supply in use, 
while the n-channel substrate (pin 7) must be connected to the most negative voltage supply in use.  These 
connections must be done no matter what use is made of any device.  Also notice from the appendix that 
the maximum voltage allowed between pin 14 and pin 7 is 18V, otherwise internal voltage breakdown 
may result. 

Assemble the circuit shown in Fig. 1a for each of the three n-channel MOSFETs, and measure Vth for 
each of them. 

Using a resistor R of a suitable value, assemble the circuit shown in Fig. 1b for each of the three n-
channel MOSFETs, and measure K for each of them. 

Assemble the circuit shown in Fig. 2a for each of the three p-channel MOSFETs, and measure Vth for 
each of them. 

Using a resistor R of a suitable value, assemble the circuit shown in Fig. 2b for each of the three p-
channel MOSFETs, and measure K for each of them. 

Create a table to display Vth and K for each of the six MOSFETs, and indicate the value of R used.  Label 
this table as “Table I”. 

Theoretical Procedure, Part B 

Design a differential amplifier biased with a simple resistor using two of the n-channel MOSFETs 
available in a single CD4007.  Use the internal parameter values previously measured for the transistors.  
Calculate the resistor values and the voltage supply values such that the DC operating current, IDSQ, is 1 
mA and the magnitude of the differential mode voltage gain, |Ad|, is 5.  Calculate all the DC voltages and 
currents in the circuit. 
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Fig. 2  A simple technique to measure the internal parameters of a p-
channel MOSFET: (a) measuring Vth, (b) measuring K. 

Lab Procedure, Part B 

Implement your differential amplifier designed.  Use 1% tolerance resistors and make sure that they are as 
well-matched as you can make them (use your digital ohmmeter if necessary).  Measure the DC voltages 
on all the nodes and calculate from them all currents in the circuit.  Create a table to display all the DC 
values measured and the corresponding theoretical ones.  Label this table as “Table II”.   

Measure the differential mode (single-ended) voltage gain and the common-mode voltage gain.  As an 
input signal, use a generator to provide a sine wave of 1Vpp at 1KHz.  Plot the corresponding waveforms 
as seen in the oscilloscope and create a table to compare your theoretical predictions with your lab 
measurements.  Create a table to display all the voltage gains, measured and calculated.  Label this table 
as “Table III”.   

Report 

Write a report including all the theoretical and lab procedures as well as your conclusions.  Make sure to 
include in your report the 3 tables described before.  For tables II and III, indicate the percentage of error 
of the quantities measured with respect to those calculated theoretically. 

Deadline and Assessment 

The deadline for submitting the report is on Wednesday September 17, 2003.  The report can be written in 
either English or Spanish.   

This lab experiment can be realized in teams of up to 3 students.  The evaluation of the report will be as 
follows: 
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 Quality of the report   30% 
 Accuracy of the theoretical analysis 30% 
 Lab measurements and procedures 40% 

If the report is written in acceptable English, an extra 10% can be granted. 

  

 



Data sheet acquired from Harris Semiconductor
SCHS018









IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

TI warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI’s standard warranty. Testing and other quality control techniques are utilized to the extent
TI deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS”). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER’S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

TI assumes no liability for applications assistance or customer product design. TI does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of TI covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI’s publication of information regarding any third
party’s products or services does not constitute TI’s approval, warranty or endorsement thereof.

Copyright   1998, Texas Instruments Incorporated


