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Lab 1b: Introduction to Computer Organization

Exercise 4: Voltage Transfer Curves, Voltage Level Specs, and Noise Margins

A. The static discipline states that for every given valid  input, the device must produce a valid output.  Yes, the inverter follows the static discipline.  In order that the inverter will obey the static discipline, the following rules must be obeyed: 

· If the input is ( Vil (a valid "low" input), the output should be ( Voh (a valid "high" output), and
· If the input is ( Vih (a valid "high" input), the output should ( Vol (a valid "low" input).


Valid inputs give a valid output given these specifications:
· Vol = 10% (0.5V for a  5V system),

· Voh = 90% (4.5V for a  5V system),

· Vil = 20% (1.0V for a  5V system), and

· Vih = 80% (4.0V for a  5V system).


For example, the input is 1.0V, the device produces an output of 4.725V.  The input is equal to the valid low input.  The output produced is a valid one because 4.725 is greater than Voh (4.5V).  In this case, the inverter follows the static discipline.  Another example is when the input is 4.4V. The input is greater than Vih (4.0V).  The output is 393.909mV (0.394V), which is lesser than Vol (0.5V).  Therefore, the inverter follows the static discipline.
But, what if the input is greater than Vil or lesser than Vih?  For instance, when the input is 1.4V, the output is 3.909V.  These do not follow the specifications.  The values are in the forbidden zone.
B. Given a Vol of 498.982mV (or 0.499V which is approximately equal to 0.5V), the actual lowest Vih should be 3.432V.  If Voh is given as 4.495V (which is close to 4.5V), the actual highest Vil should be 1.136V.  Therefore, specified with these values, the noise margins can be computed using Vil-Vol for “low” and Voh-Vih for “high”.  The noise margins are:
· Vil – Vol = 1.136V – 0.499V = 0.637V   “low”
· Voh – Vih = 4.495V – 3.432V =  1.063V   “high”
The actual noise margins are greater than 0.5V.  The overall noise immunity is equal to the smaller noise margin.  Hence, the overall noise immunity is 0.637 V.

Exercise 5: PFETs and the CMOS inverter

A. The resistor in the NMOS inverter is replaced with a PFET.  The R1 line in lab2ex4.jsim is replaced with the following:
MP1 out in a vdd PENH W=1u L=1u
 // PFET
This is the waveforms produced:
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B. The output voltage (after the rise and fall time) was more stable than the NMOS inverter.  The output for low was near zero while the output for high was less than or equal to 5V in the CMOS inverter. What this means was that output was much cleaner when using CMOS inverters. NMOS inverters would always give a not so exact value when output was expected to be zero; actually when input was 5V, output was about .36V. That would give problems to the next input getting that extraneous output. (Expecting a 0V input and getting a .36V value creates problems with the noise margins) Delay was also a problem. Both the NMOS fall and rise time was significantly slower than that of its CMOS counterparts. As can be seen below, the NMOS fall time was almost 1.5x and the rise time 3x the values of the CMOS outputs. Clearly, the CMOS was the superior one.
C. CMOS : fall time: 169.2 ps rise time: 441.6 ps 
The Formula for Ron is R(Ron) = (time(ps) *(.45))/C

CMOS fall: 169.2*.45/.02 = 3807Ω //NFET
CMOS rise: 441.6*.45/.02 = 9936Ω //PFET
The PFET has the higher Ron.

.
Exercise 6: An Inverter Chain
A. This is the code for the inverter chain:
* Exercise #6: An Inverter Chain

.include "nominal.jsim"
MP1 vdd in out1 vdd PENH W=1u L=1u
// PFET

MN1 out1 in 0 0 NENH W=1u L=1u
// NFET

MP2 vdd out1 out2 vdd PENH W=1u L=1u
// PFET

MN2 out2 out1 0 0 NENH W=1u L=1u //NFET

C1 out2 0 0.02pF
Vin in 0 pwl(0ns 0V 0.001ns 5V 5ns 5V 5.001ns 0V)
.tran 10ns

.plot in out1 out2

B. The graph is a little hard to see. The pink curve gives the input, blue curve the out 1 and green curve the out 2. Out 1 gives a value of 0 when input is 5V (and 5V when input is 0) because it passed through only one inverter. Out 2 gives the same value as the input because it passed through two inverters. Also, take note that when input is zero, the rise and fall times of both out1 and out2 are almost the same, while, when  input is 5V, the rise time of out2 is significantly larger than the fall time of out1.
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Exercise 7: Relationship of MOSFET Width and Length to Ron

A. NFET Changes

W = 1u, L = 10u, time = 1500 ps == 33750 Ron so 33750*1/10 = R( = 3375Ω
W = 1u, L = 5u, time = 766 ps == 17235 Ron so 17235*1/5 = R( = 3447Ω

W = 5u, L = 5u, time =182.8 ps == 4113 Ron so 4113*5/5 = R( = 4113Ω

PFET Changes

W = 1u, L = 10u, time = 4528 ps == 113200 Ron so 113200*1/10 = R( = 11320Ω

W = 1u, L = 5u, time = 2260 ps == 50850 Ron so 50850*1/5 = R( = 10170Ω

W = 5u, L = 5u, time = 528 ps == 11880 Ron so 11880*3/3 = R( = 11880Ω

Hmm, there was no consistent answer, and so, either the whole equation was wrong or the significant digits rule in computation should have been followed. And so, because of this development, the answer to this would be obtained from the data where all L and W are 1u.
NFET = 3807Ω

PFET = 9936Ω

Since Ron = R( (L/W), where L and W = 1, then Ron = R(
B. They were different because the sheet resistance of the PFET is roughly 2.61x larger than NFET. And so, to equalize them, L of NFET should have been 2.61u, 2.61x larger than the original, while the original W was retained.
Using these figures, the fall time was 408ps while the rise time 440ps, close enough.

