Spring 2009 6.002 Circuits and Electronics Prof. J. A. del Alamo

Homework #1 - February 4, 2009
[revised: Feb. 10, 2009]

Due: February 11, 2009 at recitation

No late homework accepted

To perform problem 4 you need to get an account in the iLab system. so before you do
anything else, go to http://ilab.mit.edu, click on the register here link, provide the requested
information, group yourself with Spring 2009 6.002 Students, and submit your request for
an account. Account approval may take several hours to a day, so register early to avoid
any last minute delays.

1. /20 points] Problem 1.3 of Agarwal and Lang.

2. [20 points] Problem 2.9 of Agarwal and Lang.

3. /20 points] Problem 3.6 of Agarwal and Lang. Solve using the node method.

4. [40 points] This is the first problem to make use of an MIT iLab this semester in
6.002. The MIT iLabs are physical remote-access laboratories that allow students to perform
experiments through a Java-enabled web browser. They are located in Building 38. This
semester in 6.002, you will use three different iLabs. They are based on sophisticated
equipment that would not otherwise be available to 6.002 students.

In this problem, you will use an Agilent 4155B Semiconductor Parameter Analyzer to make
electrical measurements on the two-port three-resistor network shown below. This iLab is
called the Microelectronics Device Characterization Laboratory. Each port in the two-port
network is connected to one Sense-Measurement Unit (SMU) of the Agilent 4155B. Behind
an SMU is sophisticated circuitry that allows it to act as a voltage source, a current source,
an open circuit or a short circuit to ground. In all of these configurations, you can measure
the current flowing out of the SMU, and the voltage across the SMU, with the polarities
shown below.

The objective of this problem is to determine the resistance values of the three resistors in
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the network by performing and analyzing experiments that you define. You may perform
as many experiments as you wish. As you do so, answer the following questions.

1. [5 points] With SMU1 set up as a voltage source, and SMU2 set up as an open circuit,
what kinds of measurements can you make and what information do they yield?

2. [5 points] With SMUT set up as a voltage source, and SMU?2 set up as a short circuit
to ground, what kinds of measurements can you make and what information do they
yield?

3. [5 points] With SMUT1 set up as a current source, and SMU2 set up as an open circuit,
what kinds of measurements can you make and what information do they yield?

4. [5 points] With SMU1 set up as a current source, and SMU2 set up as a short circuit
to ground, what kinds of measurements can you make and what information do they
yield?

5. [5 points] How many experiments must be performed in order to determine Ry, Ro
and R3? Here, consider one experiment to be a set of measurements with both SMUs
programmed appropriately.

6. [15 points] Now select a set of measurements to make, perform the corresponding
experiments following the guidelines given below, and determine the values of R1, Ro
and R3. Clearly explain your the rationale behind the selected experiments, and your
analysis of their results.

To perform your experiments in this problem, carry out the following procedure.

e Start iLab



— Go to http://ilab.mit.edu and login to your account on the MIT iLab Service
Broker. If your account does not open up under the My Labs section of iLab,
move to that section by clicking on the My Labs tab on the top bar. If you have
trouble running iLab on one computer, try switching to another computer, or
try moving to an Athena workstation. You can request help and advice from
iLab personnel, or report a bug, by clicking on the Help tab on the top bar.

— Select the Microelectronics Device Characterization Lab Client V7.0 by clicking
on its link. Afterwards, you can click on the Documentation link for detailed
information about the iLab client.

— Start the iLab client by clicking the Launch Lab link.

e Set Up Experiment

Experiments are run through the iLab window that will pop up following the launch
of the iLab client.

— From the drop-down Devices menu on the top bar, select the T-shaped Resistor
Network. A picture of the circuit similar to the one above appears. You must
now program each SMU to be a voltage source, a current source, an open circuit
or a short circuit to ground. This is accomplished through the Configuring SMU
panel that is accessed by double clicking the SMU icon on the canvas.

— To program SMUI1, click on SMU1. Name its voltage and current, and select
the download option for both variables. Now program SMU1 to act in one of
the following modes.

x  Voltage Source: Set Mode to V. If you want a fixed value for the voltage,
set Function to CONS. If you want to sweep voltage values, set Function to
VARI1 and then make appropriate choices for Scale, Start, Stop, Step and
Compliance. You should not exceed a voltage level of 10 V. Compliance
refers to the maximum current that you will allow SMU1 to deliver when
acting as a voltage source. This is intended to protect the device under
test. A choice of 1 mA for compliance is prudent in this experiment.

x  Current Source: Set Mode to I. If you want a fixed value for the current,
set Function to CONS. If you want to sweep current values, set Function to
VARI1 and then make appropriate choices for Scale, Start, Stop, Step and
Compliance. You should not exceed a current level of 1 mA. Compliance
refers to the maximum wvoltage that you will allow SMU1 to deliver when
acting as a current source. This is intended to protect the device under
test. A choice of 10 V is prudent in this experiment.

x Short Circuit To Ground: Set Mode to COMM.

x Open Circuit: Program SMUI1 as a current source with zero current. That
is, set Mode to I, Function to CONS and Value to 0 A. Set Compliance to
10 V.

Click on OK to complete the programming of SMUTI.



— Program SMU2 in a similar manner.
— Be careful to observe the following considerations.

* In a given experiment, at least one (but no more than one) variable must
be set as VAR1. That is, you must sweep the value of one variable such as
a voltage or a current. (Note that the “1” in “VAR1” indicates the “first”
swept variable. It does not necessarily indicate an association with SMUL1.)

* When sweeping through one or more of the SMU variables, note that the
maximum number of distinct data points that the 4155B will allow you to
measure during one experiment is 500.

e Run Experiment & View Measurements

— From the drop-down Fzxperiment menu on the top bar, select Run Measurement.
Your experiment will be queued, and run on a first-come-first-served basis. Hint:
if you wait until the last minute like everyone else, you may find the queue and
the wait longer than desired.

— The measured data will be displayed on a graph at the bottom of the iLab
window. It is probably best viewed with a linear X-axis display. You can read
off values from the graph by pressing the Tracking button on the bottom left of
the canvas.

— If for any reason you wish to clear your data and run the experiment again,
you can first clear the data by selecting Clear Current Result from the Results
drop-down menu on the top bar.

e Download Measurements

You can download the measured voltage and current data to your local computer.
For this, select Fxport to CSV File ... from the Results drop-down menu on the top
bar and proceed from there.

If you need help with the mechanics of the iLab, consult the documentation that is available
through the Help item on the client menu. If you are stuck, request help from your TA. If
nothing seems to work, send an error message through a page that is available in the Help
section of the ilab.mit.edu web site.



