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Lab #2

	CS 152: Computer Organization
	Issued: 7/8/02

	Lab #2: MOSFET Characteristics and Subcircuits
	Due: 1 wk after


Lab Objectives

In this lab, we will study more about MOSFETs and Jsim.  Here is an outline of the objectives for this lab.

· Study the effects of the gate capacitance of a MOSFET (NFET will be used)

· Measuring delays in logic

· propagation delay

· contamination delay

· Study how to build subcircuits in JSim

· Build a NAND gate using MOSFETs

· NMOS version

· CMOS version

· Learn how to build a NOR gate using MOSFETs

Exercises

Exercise #1: Gate Capacitance of MOSFETs

In addition to an "on resistance", Ron, a MOSFET also has a gate capacitance, CG.  This capacitance is seen by the circuit connected to the gate as a capacitor between the gate and ground, regardless of whether the transistor is on or off.  However, it is not seen by any circuits connected to the drain or source.
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A. To see this, take your NMOS inverter from Lab 1 Ex #3 again (lab1ex3.jsim), and modify it to add a resistor, Rin, between Vin and the gate of the NFET as shown.  You may remove the ammeters.  Save your file as lab2ex1.jsim.  

B. Do a transient analysis for 10ns using the old Vin source from Lab 1 Ex#3, but this time, also plot the voltage at the point “gate”.  Note how the voltage at gate now takes time to rise and fall.  This is because the NFET's gate capacitance forms an R-C circuit with the new Rin resistor.  The figures below show what the circuit equivalently looks like when the NFET is OFF and when it is ON.  (Again, note that there is never a connection between the gate capacitance and the drain and source, even when the NFET is on.)  From the rise and fall times from your plot, deduce the value of CG for this NFET.
[image: image3.emf]0.02pF

in out1 out2


C. Vary W and L for the NFET and see how CG changes.  Can you see how CG depends on W and L? 1u, 2u, 3u
D. Take your inverter chain from Lab 1 Ex #6, and look at the out1 waveform.  The rise and fall times of out1 are determined by the Ron of the transistor that is on, and the sum of the CG's of the transistor gates connected to out1 (namely MP2 and MN2).  Run a transient simulation, and note the rise and fall times of out1.  Play around with Width and Length of MP2 and MN2.1u, 2u.  This will affect gate capacitance, which would affect the rise and fall time of out1.  Can you predict how changing the size of your MOSFETs will affect rise and fall time? Observations only
Exercise #2: Propagation and Contamination Delays

Consider the inverter chain again from Lab 1 Ex #6 (also shown in Exercise #3 below).

A. Measure tcd and tpd of the 2nd inverter, i.e., measure tcd and tpd from out1 to out2.  Note that there are two cases two consider for both measurements: (1) the case of a rising input (and falling output), and (2) the case of a falling input (and rising output).  Here are the times to measure:

tcd-rising-in = time from out1  > Vil (invalid input) to time when out2 < Voh (invalid output)

tcd-falling-in = time from out1 < Vih (invalid input) to time when out2 > Vol (invalid output)

tcd = min(tcd-rising-in,tcd-falling-in)
shortest time from invalid input to invalid output

tpd-rising-in = time from out1 ( Vih (valid input) to time when out2 ( Vol (valid output)

tpd-falling-in = time from out1 ( Vil (valid input) to time when out2 ( Voh (valid output)

tpd = max(tpd-rising-in,tpd-falling-in) 
longest time from valid input to valid output

B. Try varying temperature.  Which is better for higher speed (lower delay), low temp or high temp? (.temp 85 // 85oC for example) 5C and 45C tcds tpds
C. Try varying vdd voltage. Which is better for higher speed (lower delay), low vdd or high vdd?  See if it would make a difference. Vdd 2V 8V 10V tcds tpds
Exercise #3: Building an Inverter Subcircuit
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The symbol for a logical inverter is a triangle with a bubble at its output as shown in the diagram on the right (which is the same as the diagram in Lab 1 Ex. #6).  This diagram actually shows two inverters chained together.  Each of these inverters can be implemented as a CMOS inverter as shown below. 

Implement the inverter chain above in JSim using subcircuits and save the file as lab2ex3.jsim.  (You do not need to have ammeters for this exercise.)  Using your inverter subcircuit, do Lab 1 Ex #6 again.  Did you get the same results?  Are there any differences?

The following jsim netlist shows how to define your own circuit elements using the “.subckt” statement:


USE LAB1ex6

* INVERTER:  input is A, output is Z

.subckt inv in out

MPD1 out in 0 0 NENH sw=16 sl=1

MPU1 out in vdd vdd PENH sw=16 sl=1

.ends

The first identifier after the “.subckt” keyword gives the name of the type of subcircuit to be defined.  In this case, we are defining a subcircuit type called “inv” – short of inverter.  The identifiers that follow are the names of the terminal nodes of the subcircuit.  In this case, an inv subcircuit has two terminals, in and out.  The lines inside the subckt block define an NFET and a PFET connected to the nodes in and out, in such a way as to form a CMOS inverter.  (Note that if you need nodes inside your subcircuit, you can also define other “local” or “internal” nodes that are only valid inside the subcircuit itself.) Another new portion here is sw=16 and sl=1.  Basically this is the same as setting W to 16 times the scale factor and L to 1 times the scale factor.  The scale factor is indicated by 

.option SCALE=0.6u

It is also defined in nominal.jsim.

To instantiate a subcircuit, you use a line of the form: Xinstance_name node1 node2 … subckt_type.  For example, to make an instance of the inverter inv:

Xinva ina outa inv  // inverter instance called inva with input ina and output outa

GIVE RISE TIME FALL TIME
Exercise #4: NAND Gate

A. Construct an NMOS NAND gate from NFETs and a pull-up resistor (based on lab1ex3.jsim) by creating a subcircuit.  GIVE NETLIST
B. Construct a CMOS NAND gate using PFETs instead of a pull-up resistor (based on lab1ex5.jsim).  Make this a subcircuit also GIVE NETLIST.

C. Study the truth table by feeding in all 4 possible combinations of inputs to both subcircuits in (A) and (B).  See if you can use 8clocks.jsim here.  Make sure that 8clocks.jsim has an amplitude of 5.0V instead of 3.3V.

Exercise #5 (optional): NOR Gate

Construct a CMOS NOR gate subcircuit using NFETs and PFETs.  Study the truth table by feeding in all 4 possible combinations of inputs to this NOR gate subcircuit.  Try using the 8clocks.jsim you used in the previous exercise. GIVE NETLIST
Exercise #6: 4-variable CMOS Logic Gate

Construct a subcircuit for a CMOS gate using NFETs and PFETs that implements the function 
[image: image1.wmf]D

C

B

A

F

+

+

=

.  Try to use as few transistors as possible.  Verify your solution by checking the truth table produced by feeding in all 16 possible combinations of inputs to this subcircuit.  Again, you can use the 8clocks.jsim you used in the previous exercise. GIVE NETLIST
GIVE NETLIST
GIVE NETLIST
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