Computer Architecture
Recitation no 1
Paul Mellies
The main purpose of this first recitation is train you in CircuitLab by building and
simulating elementary resistor, diode and transistor circuits. One additional purpose is
to show you a microprocessor in action by introducing you to the project « Visual 6502 ».

Exercise 1 : two resistors
In this first exercise, we will initiate ourselves to CircuitLab by constructing a basic
resistor circuit and then simulating it.
§1.a. Construct the following circuit in CircuitLab with voltage VDD = 5V and resistors
R and r with resistance R = 6 Ω and r = 4 Ω.

§1.b If you know how to perform the computation, use the Kirchhoff law in order to
compute the value of the output voltage Vout . Note that we make the assumption that
there is no current on the output node of the circuit. Recall that the Kirchhoff law states
that the sum of the ingoing and outgoing current on a given node of the circuit is always
zero. Typically, in the following situation:
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one should have the equation i1 + i2 = i3 + i4 , or equivalently i1 + i2 − i3 − i4 = 0.
§1.c Check that your result in §1.b with the DC solver of CircuitLab.
§1.d Use the Ohm law to draw the I-V characteristics of the resistor r, defined as the
function which associates to the voltage Vr = Vout the value of the current I r which goes

through the resistor r. Recall that the Ohm law states that the current I through a
resistor r is proportional to the voltage V = Vin − Vout between the input and output
nodes of the resistor.
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§1.e Check your result by constructing the following circuit

with a Voltage Generator parametrized to produce triangle waves of frequency 1Hz ranging in the interval from −5V to 5V ; and then by applying the Time Domain simulator
with start time 0s, stop time 2s, time step 1ms.
§1.f In just the same way as in §1.d, use the Ohm law to draw the I-V characteristics of
the resistor R, defined as the function which associates to the voltage VR = VDD − Vout
the current I R which goes through R, where VDD denotes the Drain Voltage VDD = 5V in
the circuit of §1.a.
§1.g Check your result by building a similar circuit as in §1.e.
§1.h This question is a bit more difficult and thus optional. Think about the I-V characteristics of the resistors r and R which you have just drawn in §1.d and §1.f, and deduce
by completely graphical means the value Vout asked in §1.b from the value of the
drain voltage VDD , which is fixed at VDD = 5V. Recall also that the voltage VGND = 0V of
the ground GND is zero by convention.

Exercise 2 : a diode
§2.a Replace the resistor r in your circuit §1.e of the previous exercise by a diode, in such
a way as to obtain the following circuit:

Then, proceed in just the same way as in §1.e and apply the Time Domain simulator
with start time 0s, stop time 2s, time step 1ms. If you proceed well, you should obtain a
simulation like this one:

Note that for clarity’s sake, the Voltage Generator is set with a phase of 90 degrees, but
this not an obligation.
§2.b Looking at the Time Domain simulation above, draw very carefully on paper the
I-V characteristics of the diode. Explain in a few words how you proceed.
§2.c Guess a simple mathematical formula for the characteristic function you have just
drawn. Despite its simplicity, remember this formula because it is will be extremely
important in the case of transistors!
§2.d Shift the frequency of the Voltage Generator to 1kHz and check that the behavior
of the diode has not changed in the Time Domain Simulator.
§2.e Now, shift the frequency of the Voltage Generator to 1MHz and simulate the behavior of the diode at that speed in the Time Domain Simulator. Do you see a difference?
§2.f Carry on and shift the frequency of the Voltage Generator to 10MHz and simulate
the behavior of the diode at that speed in order to obtain the following Time Domain
simulation:

§2.g Go back to the situation of §2.a with frequency 1Hz and turn the diode upside down
in the following way:

Guess the resulting I-V characteristics and check with the Domain Time simulator that
your drawing is indeed correct.

Exercise 3: a NMOS transistor in OFF and ON modes
§3.a Build the circuit below

describing a NMOS transistor in position OFF and check that it behaves in essentially
the same way as a diode turned upside-down as in §2.g:

§3.b Build the circuit below

describing a NMOS transistor in position ON and check that it behaves again in essentially the same way as in the previous question:

You will notice however a slight difference between the two diagrams, which you will
describe in a few words. We will see very soon that this difference is so important in fact
that the whole semiconductor technology is based on it !
§3.c Consider the same two circuits in §3.a and §3.b with the Voltage Generator now
ranging in an interval going from 0V to 5V. Construct the following simulations for the
NMOS transistor in position OFF

and for the same NMOS transistor in position ON

Dedude from the characteristics that the NMOS transistor behaves essentially like a
wire in position ON whereas it essentially cuts off in position OFF.

Exercise 4: the 6502 microprocessor at work
We shift now to the Visual 6502 website and more specifically to this JavaScript simulator of a 6502 microprocessor, which you will find on this website:
visual6502.org/JSSim/expert.html
As I briefly explained during my first lecture, the 6502 processor was introduced in 1975
and launched what deserves to be called the Home Computer revolution of the 1980’s.
You will find more about the microprocessor and the simulation project on these slides.
§4.a Start by activating one after the other each of the pins of the 6502 and look in
particular for the following pins:
• ab 0 = A0 to ab 15 = A15 are the 16 bits of the address bus
• db 0 = D0 to db 7 = D7 are the 8 bits of the data bus
• nmi = NMI is the Non-Maskable Interruption pin
• irq = IRQ is the Interrupt ReQuest pin
• cclk, clk0 , clk1out, clkl2out are the clock pins.
• rdy = RDY is the Ready pin
• res = Reset is the Reset pin
• so is the Stack-Overflow pin
• rw = RW is the Read/Write signal pin
§4.b Compare the virtual circuit to the block diagram of the 6502 processor next page.
Once you have detected the position of the DECODE ROM in the block diagram, can
you also find it on the virtual circuit? Can you then check on the virtual circuit that the
DECODE ROM defines a matrix of 21 × 130 wires, just as indicated in the block diagram.
Please answer to §4.a and §.b with a picture of the microprocessor indicating
the positions of the various pins as well as of the DECODE ROM.
.
§4.c This question is a bit more difficult and thus optional. Find the Synch pin on Visual
6502. Start the simulation of the microprocessor and try to guess the purpose of the
Synch pin from the resulting execution sequence. Good luck!

