ESPIRITU, Joseph Troy
SANTOS, Lloyd Vincent

Date Submitted: June 21, 2004

Lab 1a: Introduction to Computer Organization

Introduction:

Exercise 1: Voltage Divider
A. Yes, the output is same with what was expected.  The circuit is a voltage divider.  In theory, the expected output for b is half of a.  It was observed that the voltage for b was indeed half of a in the JSim program.

B. These are the results:

a. R1 = 1000 Ω; R2 varies.

	R1
	R2
	Vout​ (b)

	1000 Ω
	1000 Ω
	2.5 V

	1000 Ω
	2000 Ω
	3.33 V

	1000 Ω
	3000 Ω
	3.75 V

	4000 Ω
	4000 Ω
	4 V

	5000 Ω
	5000 Ω
	4.167 V


b. R1 varies; R2 = 1000 Ω. 
	R1
	R2
	Vout​ (b)

	1000 Ω
	1000 Ω
	2.5 V

	2000 Ω
	1000 Ω
	1.667 V

	3000 Ω
	1000 Ω
	1.25 V

	4000 Ω
	1000 Ω
	1 V

	5000 Ω
	1000 Ω
	0.833 V


// add answers here
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Exercise 2: R-C Circuit

A. The rise time from approximately 0.5V and 4.5V of the RC circuit was approximately 219.2 ps. 
	R1 = 1000 Ω

C1 = 0.1 pF (picoFarads)

0.504 V: 11.2 ps

4.499 V: 230.4 ps

Rise Time = 230.4 ps – 11.2 ps = 219.2 ps


B. As the resistance of R1 is increased and C1’s capacitance is 0.1 pF, rise time also increases.
	R1
	C1
	Rise Time

	1000 Ω
	0.1 pF
	219.2 ps

	2000 Ω
	0.1 pF
	439.2 ps

	3000 Ω
	0.1 pF
	658.8 ps

	4000 Ω
	0.1 pF
	882 ps

	5000 Ω
	0.1 pF
	1098 ps

	10000 Ω
	0.1 pF
	2200 ps


C. Also, as the capacitance is increased and R1’s resistance stayed at 1000 Ω, rise time increases.
	R1
	C1
	Rise Time

	1000 Ω
	0.1 pF
	219.2 ps

	1000 Ω
	0.2 pF
	437.6 ps

	1000 Ω
	0.3 pF
	657.6 ps

	1000 Ω
	0.4 pF
	884 ps

	1000 Ω
	0.5 pF
	1096 ps


D. Mathematical Analysis

a. Relationship between rise time and R: As one can see from the data above, the mathematical relationship between rise time and R is simple: as R rises, the rise time also rises. A more specific relationship between the two can be acquired by making simple calculations. By dividing R by the rise time, we get an approximate ratio of 4.5, which means that the Rise Time in ps is 4.5 times smaller than that of its R. (1000/219.2 ~ 4.5, 1000/4.5 = 222.222… ~ 219.2) By using the other data as examples, the value 4.5 can be used to approximate the rise time. (3000/4.5 = 666.6666 which is near 658.8) But C1 is still a variable even if it is held constant at 0.1 pF, and so since this is a RC problem, we multiplied C1 to the R and then divided the answer with 4.5, though we go an answer 10 times as big as the simulated results. And so we made a change in the formula that included C: R(in Ohms) multiplied by C=0.1pF, all divided by 0.45 ((5000x0.1)/0.45 = 1111.1111 which is near 1098). And so, in final, the relationship between rise time and R(with C) is rt(ps) = R(Ω)xC(0.1pF)
b. Relationship between rise time and C: The relationship of rise time is easier to explain: Rise Time changes in proportion to C. So if C doubles, rise time also doubles, if C is quadrupled then rise time also quadruples and so on.
c. Theory Test: By combining both relationships, it can be shown that a general equation can be derived. First, it is known that rise time is dependent on what R is, which is 3000Ω in this case, so solve for rise time using the first relationship: (3000*0.1)/0.45 = 666.666…7 and then use the second relationship as follows: that since it used 0.1pF and the question asks for a result from a 0.4pF problem then the 666.666…7 rise time result should be quadrupled( 0.1*4 = 0.4 and so 666.666…7 should also be multiplied by four) and we get 2666.666…7 ps as the rise time. 
d. Simulation Result: In the JSim, the values R1 = 3000 Ω and C1 = 0.4 pF gave a rise time value of 2632 ps.
e. Conclusion: Since the theory result is very near to the simulation result (2666 ~ 2632) then it is concluded that the analysis was correct. Included is the waveform.
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Exercise 3: The NMOS inverter


Included is the requested screenshot of the waveform window, including the current and voltage waveforms.
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With regards to the question about Ron, using the stable voltage output when Vin and Vdd is 5V and R1 is 30k, which is 0.356241V, the value can be obtained by using the lessons learned from the first exercise about Voltage dividers. The most important of which is the formula itself of a Voltage divider, Vout = Vin*(R2/(R1+R2)). By inputting the given data, only R2 is left as a variable. R2 is the Ron that is needed and so: Vout = Vin*(Ron /(R1+ Ron)).
Vout = Vin*(Ron /(R1+ Ron))

0.356241 = 5*(Ron /(30000 + Ron))

and using simple algebra techniques, the equation can be simplified further to:

0.0712482 = Ron /(30000 + Ron)

(0.0712482)(30000) + (0.0712482)( Ron) = Ron
2137.446 + (0.0712482)( Ron) = Ron
2137.446 = Ron - (0.0712482)(Ron)

2137.446 = 0.9287518 Ron

2301.4178815050479579151286705447Ω = Ron
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