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Abstract

For the following labs we are going to use electronics lab equipment
as well as the advanced integrated circuits simulation tool in the software
package Cadence. This first lab task is mostly to get acquainted with
those tools and to use them for the first time for some circuit analysis.

Furthermore we’ll get acquainted with the setup in the teaching lab,
i.e. the instruments and the GPIB interface in Matlab

This is the first in a series of three lab tasks that will be graded and
will count 40% towards the final grade. The first lab, however, will only
be ’pass’ or ’fail’. The students are required to pass this lab assignment
to be admitted to the exam. The deadline in the title is a hard deadline!
Do not miss it! Plan to submit well ahead of the deadline! We will use
devilry.ifi.uio.no for submission of you lab report.
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1 Report and Group Assignments

1.1 Requirements for the Lab Report (read carefully!)

You are required to execute the tasks and answer all the questions posed below
and to submit a report on your work. The report needs to be explaining clearly
what you have done, how you have done it, what the results were and what
you conclude from them. A good basic rule for any scientific writing is that a
document should provide sufficient detail for someone reading it to be able to
replicate the results that are presented. Make sure to answer all questions! Sup-
ply the report with drawings of the circuits (including the values of the compo-
nents and parameters you used where appropriate, e.g. bias voltages/currents,
component sizes etc.) and measurement setups! Show your measurements in
graphs! Use labels in the schematics that you draw, such as M1, M2 (M is often
used fro labelling CMOS transistors), opamp1, I1, V1 etc. You should then
use those labels in your text, since it is much easier to write: ’transistor M1

in figure 1’ than ’the transistor third from the top and second from the left in
the righthand side circuit in figure 1’. MANDATORY when assembling a
circuit in the lab (so not yet for this lab): Include a photograph of your
circuit into the report!

1.2 Graded Mandatory Group Assignments

Note that this is part of the course’s exam and strict rules apply as described in
the document https://www.uio.no/english/studies/examinations/compulsory-activities/
mn-ifi-mandatory.html . The page explains the significance of mandatory assign-
ments in a course and in particular group assignments. It also specifies your
responsibility to not plagiarize anybody else’s work and that you are required
to conduct and understand your own experiments and obtain your own results,
while you are still allowed and actually very much encouraged to exchange ad-
vice and experiences also between groups.

Each group must deliver a written lab report using the Devilry online sub-
mission system before the hard deadline indicated in the title. Note that you
can submit multiple times and the last submission before the deadline will be
graded, so it might be a good idea to plan to submit preliminary versions well
before the deadline. The points given for this lab assignment will determine
if the lab assignment is accepted or rejected. You will need to pass this lab
assigment in order to be admitted to the exam. The next two lab assignments
will be weighted as 20% of the total score of the course, i.e. your final grade.

Each task is labelled with how many points it will contribute towards the
score.
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2 Task

2.1 Introduction

First you’ll acquaint yourself with the lab equipment that can be interfaced from
the MATLAB command line and by running MATLAB scripts and functions,
via a GPIB bus with a set of MATLAB-functions designed for that very purpose.
Furthermore you will be using the schematic design tool as well as the simulation
tool of the circuit design software Cadence. And last but not least we’ll be
analysing gate-delay of inverters both in the lab and in simulation, both for
a physical IC in the lab, and a simulated inverter in Cadence. You will also
learn some soldering skills to be able to connect the IC under test properly on
a printed circuit board (PCB).

2.2 Tools

� Linux command line interface

Both the server rh7login.ifi.uio.no and the computers in the course lab
will run the Linux operating system, since the SW we’ll be using runs
under Linux. In Linux you’ll be working with a command line interface to
start the relevant software (MATLAB and Cadence). The command line
interface is called ’terminal’ or ’xterm’. On rh7login.ifi.uio.no you’ll open a
’Terminal by choosing ’Activities’ from the top bar menu and then click on
the ’Terminal’ icon. On the lab machines there is a ’console’ terminal open
when you log on that you can use. Else you can also choose ’Applications’
in the top bar menu and then ’System Tools’ and then ’Terminal’.

When you open a terminal, your ’home directory’ is the active directory
by default. The active directory is the default directory where a program
that is started stores any files it creates and where it is looking for files
it needs first. Your ’home directory’ is a directory on a file server where
you can store your files and that is accessible from any Linux machine on
campus. It also contains a directory called ’pc’ which is the directory that
is accessible by any Windows PC on the campus, containing your typical
’Desktop’ and ’Documents’ and similar Windows folders. You can, for
instance, create a sub-directory ’IN3170’ to work in with your labs, and
possibly more subdirectories for individual labs to keep things organized.
To make a directory use the command ’mkdir <directory name>’ and to
change the active directory ’cd <directory name>’ or ’cd ..’ to go ’up’ to
a parent directory.

� MATLAB

Please refer to the online html-document https://www.uio.no/studier/emner/
matnat/ifi/IN3170/v22/resources/oppstsettcadencehjemmefra.html for instruc-
tion on how to get a copy of matlab installed on your home computer. It
IS also installed on rh7login.ifi.uio.no and on the computers in the course
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lab OJD5419. Under Linux, you simply type ’matlab’ in a terminal to
start it.

We will be using MATLAB to control lab-instruments. Furthermore it’s
the best tool for plotting all of your results as nice graphs, not just for the
lab measurements but also for simulation results from Cadence, and it’s a
powerful tool for doing maths, especially working on vectors and matrices,
so it’s perfect to analyse your data too.

One useful function is ‘help’. ‘help <command name>’ will display an
explanation on how to use ‘<command name>’. Another help function
that helps you find functions that you do not know the exact name of is
‘lookfor’. Type ‘help lookfor’ to learn more.

� GPIB instrument interface in MATLAB

On the course web-page under ’resources’ you’ll find a file containing a
MATLAB script function ’GPIBexample.m’. Copy it to your working
directory in your home directory. If you open MATLAB on your lab
(!) Linux computer from the directory where you have stored GPIBex-
ample.m, you can look at the function in an editor when you type ’edit
GPIBexample.m’ or by double clicking it in the left column where the con-
tent of your active directory is displayed. Have a good look at the code!
You can use it as a template to make your own matlab functions that run
the instruments and collect results. You can also run that function by
typing ’GPIBexample’, but first turn on the 4 GPIB instruments at your
work bench: the scope HP54622, the multimeter HP34401, the waveform
generator HP33120 and the voltage source HPE3631.

When you run GPIBexample it tests whether the GPIB card and drivers
are properly installed on your computer (they should be!) and will give an
error message if they aren’t. It also calls a command that adds the search
path (specifying the directories where matlab should look for functions
other than the active directory) to contain the path to the GPIB functions:
therefore you should run this function at least once after having started
MATLAB! Short the 6V output of voltage source to the input of the
multimeter, and the output of the waveform generator to a scope probe
on the scope plugged in into channel 1. The matlab function will program
the waveform generator to produce a saw tooth waveform of 2kHz and
2V amplitude (4V peak-to-peak). If shorted to the scope, you should see
that waveform there on the display. It will be read from there into matlab
and plotted in figure 1 on your computer. Furthermore, the function will
program the voltage source to put out voltages from 0V to 1V in 0.1V
steps on the 6V output. Those voltages are then read via the multimeter
back into matlab. Figure 2 should then plot the intended output of the
voltage source vs the measured voltage from the multimeter. If everything
works out well, this should result in a graph with a straight line from (0,0)
to (1,1).
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To get a list of functions you can use to talk to one instrument type for
example ’HP33120’ and then hit the ’TAB’ key. This gives you a list of
all functions starting with that string to choose for autocomplete. For a
short help text type for example ’help HP33120 SetDCOffset’.

Known issues:

– Driver ’tnt4882’ is not present on the machine. The GPIBexample-
function gives an error message to that effect. Solution: reboot your
machine with some of the lab devices (scope, waveform generator,
multimeter etc.) switched on.

– Voltage source does not source the voltage it shows when controlled
by GPIBexample. So the voltage is shown on the display, but is not
measured by the multimeter. That’s an error in the original version
of GPIBexample: the voltage has not only be set but the output has
to be turned on by HPE3631 operate. Alternatively you can also first
manually turn the output on and only then run GPIBexample.

– Some waveform generators show double the amplitude and offset from
what they are actually programmed to do. This is only apparent
when you observe that output on the scope. So if you have such a
waveform generator you simply need to half offset and amplitude in
your programming.

– GPIB error message on the code line that tries to HP54622 Autoscale.
This occures when the Scope displayed a ’low battery’ error message
and initiated a factory reset. After that the GPIB interface is no
longer able to talk to the scope on its default address, since the fac-
tory reset sets that address to another number than what the MAT-
LAB GPIB interface expects. You need to reset that number on the
scopr: hit the ’Utility’ button, select I/O, then set the ’address’ to
24.

� Working with Cadence from home or a UiO-computer

In order to use Cadence and other SW that runs on a Linux server at
IFI/UiO you will need the means of logging onto such a server and have a
user interface to it presented on your home/UiO computer. I have made a
HTML document that explains how to do that for Windows, Linux, and
Mac PCs here: https://www.uio.no/studier/emner/matnat/ifi/IN3170/v22/
materiale/oppstsettcadencehjemmefra.html

� Cadence, “Schematics Editor” and “Analog Design Environment
explorer” (ADE explorer) simulation tool

Cadence is an industrial tool for integrated circuit design. When using it
for simulation, its models are much more detailed than the hand calcula-
tion models you learn about in the course. These models include a lot of
secondary effects and have a lot more parameters and are able to predict
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with much higher accuracy how a circuit will really behave when coming
back from production. Still you’ll see that the hand calculation models
are a useful approximation in many cases.

Please also refer to the online html-document https://www.uio.no/studier/
emner/matnat/ifi/IN3170/v22/resources/oppstsettcadencehjemmefra.html for
an introduction on how to set up Cadence and how to use the “Schematics
Editor” and “Analog Design Environment”.

� Soldering on a PCB We will update the lab 1 description with some
useful instructions and a video on soldering components and cables to a
printed circuit board (PCB). You will need that skill for task 3 and future
labs.

There are pipes with air vents at each work place that suck in air: turn
them on and suck in the fumes that occur during soldering. Small does of
those fumes are unproblematic but substantial continuous exposure over
a long time to such fumes can be unhealthy.

When soldering any kind of conductor to a PCB pad you want to estab-
lish an electric contact between that conductor and the pad on the PCB
surface. To make a proper contact you need to heat BOTH the pad and
the conductor, so try to touch all three with the soldering iron. The solder
only need to touch one of those two and will melt automatically if that
surface becomes hot enough. So I usually hold the soldering iron to the
conductor and try to place the tip on the pad on the PCB, while I hold
the solder to the conductor from the opposite side. Then the solder will
liquefy automatically as the conductor becomes hot enough and the con-
nection between those two is thus guaranteed a good connection. If the
pad becomes hot enough as well you will notice the liquid solder ’flowing
out’ onto the pad. In contrast, if you do not heat the pad enough the
solder may look like it touches the pad as a bobble ’tucking in’ at the
contact point instead of flowing out. It may still touch and may establish
a finicky contact, but it is not solidly ’glued’ to the pad, may be unreliable
and can get loose.

You’ll find some good video on this on youtube, for example: https://
www.youtube.com/watch?v=vAx89WhpZ3k

2.3 Lab Tasks

task 1 (2p), set up lab equipment: In short: run an example function in
matlab and verify the proper function and control of the lab equipment.

Short the Waveform generator output to a scope probe connected to chan-
nel 1. Then short the 6V output of the current source to the multimeter.
Log on to the lab Linux PC, create a work directory and copy the file
GPIBexample.m into it. Start MATLAB and run the function GPIBex-
ample. Type ’edit GPIBexample.m’ to open an editor in MATLAB and
look at the code! You shall edit such code in the following to control the
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Figure 1: A CMOS inverter.
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lab devices, so you should find some useful examples in this code. Among
other things the function executes some measurements and produces two
plots (as described above). Include those two first plots into your report
to illustrate that you got your lab setup to work as it should.

task 2 (2p), change the GPIB example: In short: make your own MAT-
LAB function to generate a square wave 5V 100Hz output and a 5V supply
voltage.

Edit the function GPIBexample. You may store it under a new file name.
If you do also change the function header to have the same name as the
file name. (The latter may in fact not be necessary, as MATLAB uses the
file names to identify the function and not the function header, but it’s
good practice to keep the function header and filke name consistent.)

Edit it such that the waveform generator produces a square wave with 5V
amplitude and 100Hz frequency and goes from 0V to 5V (not -2.5V to
+2.5V!), and that the 6V output of the voltage source simply puts out
a constant 5V. You do not need to verify those 5V with the multimeter,
so you can drop the second figure. Make sure that the scope triggers
it’s recording on the rising flank at about 2.5V. You may later also want
the scope to zoom in on the x-axis, i.e. that the recording only covers
a short time span after that trigger (see task 4), but for now set the
recording length appropriately that you will see about two full cycles of
the 100Hz. You can do this either with the appropriate GPIB command
(recommended to get a consistent configuration should you repeat the
measurement!) or using the knobs on the scope. Put the plot of the
square wave from the scope into your report.

task 3 (4p), observe an inverter In short: solder together a PCB with in-
verters and check that they work.

Assemble a PCB with the hex inverter chip SN4HCT14. You’ll find a data
sheet on the course 2023 web page under ’resources’. Before you connect
signals to it, it is good practice to have the sources’ outputs turned off!
Connect your circuit first and only then turn the devices’ outputs on.
Always turn the power supplies (and biases, if applicable) on first and
then the input signals. Soetimes the order of powering up is important
and might cause damage, if not done properly. In this first example it is
not terribly critical though.

Connect the Gnd and 5V from the voltage source to power the IC. Connect
the waveform generator output to one of the inverters’ input and the
scope’s channel 2 (!) to that inverter’s output. Leave channel 1 connected
to the waveform generator too, so that you can observe both input and
output at the same time! Then turn the 5V power supply on and then
activate the waveform generator output (still with the square wave setting
from task 2). Observe the input and output and make a plot for your
report.
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task 4 (4p), measure inverter propagation delay and drive In short: You
shall measure propagation delay for the HL transition of one inverter, es-
timate values for Ron and Iav and assess the appropriateness of the simple
resistor and current source models in the book for propagation delay.

Next zoom in on the scope on the x-axis with the trigger still being the
rising flank of the inverter input. If possible, zoom in so much that you
can see a clear delay of the output response after the input transition. If
it is not possible zoom in as much as the scope is able to and report your
finding. If the zoom is good enough, report the propagation delay tPHL

for the output’s HL transition that you see. Illustrate it in your plot: you
can mark specific points for example using the command ’hold on’ and
then plot a new graph that will be plotted in the same figure without
deleting the old content. You can plot a single point with for example
plot(x,y,’o’) where x and y contain but a single value. The style string
’o’ marks points with small circles. Ideally do this in a matlab-function
or script, so that you can recreate your figure and make changes at any
later point in time. Type ’hold off’ if you want the next plot command to
overwrite all previous content again.

Note that the Scope probe has an input capacitance of 15pF. So the transi-
tion time you observe is caused by the combination of the inverter’s output
current or output resistance and the capacitance. In the course book there
are two simple models introduced that simplify the output drive of a tran-
sistor to be either an ideal constant current source or a resistor to the
power rail (see 15.4.2). Does the shape of the transition fit better with
the current source or the resistor model? Why? For both cases with the
propagation delay you observe, compute how big the current source Iav
would be and how big the resistance Ron would be.

Now increase the capacitance at the output by connecting more capacitors
in parallel with the scope probe. Preferably do NOT solder them on but
use the scope tip and reference clamp to add a capacitance: it’s easier
to change again that way. Do this so that you get measurements for a
total of three different total capacitance values (including just the scope
probe). Especially if you could not see a clear delay with just the scope
probe, increase the capacitance enough to very clearly observe some delay.
Taking these new total capacitances into consideration, compute Iav and
Ron again in each case. Do the values deviate a lot when you change the
capacitance? WHat would that tell you about the model?

2.4 Simulation Tasks

In the following, to plot the curves and to mark important points in the graph,
export them to MATLAB!

Task 5 (4p): In short: simulate an inverter with minimum size transistors in
the TSMC 65nm technology and again measure propagation delay, and
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derive Iav as well as Ron for 3 different capacitive loads at the output and
report. This time look at both the HL and LH transitions. Is the observed
behaviour somewhat consistent with either of the book models?

The normal transistor models to use in this technology’s process develop-
ment kit (PDK) are called ’nch’ and ’pch’ respectively and are in library
’tsmcN65’. You’ll want to conduct a ’trans’ simulation to observe tempo-
ral dynamics of your inverter. Use the cell ’vpulse’ in library ’analogLib’
to generate a square input waveform, and cell ’vdc’ in the same library to
provide the power supply of 1.2V (for this 65nm technology).
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