Solutions to Homework 2 of Guangyao SHI, Fall 2017
1.
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CA3600e contains three channels and I connect them in parallel to avoid errors in Pspice
a.(20 points)
for VDD=5V and VSS=-5V,
both PMOS and NMOS are working in saturation mode
Current flowing through PMOS:

	 	
Where 

	 	
Current flowing through NMOS:

	 	
Where

	 	
Since PMOS and NMOS are connected in series, the current flowing through these two MOSs should be the same.

	 	
Solve equations (1) to (5) in matlab, Vout = 21mV
	VDD=5V and VSS=-5V

	Hand calculation 
	Simulation

	21mV
	20.76mV




for VDD=3V and VSS=-3V,
both PMOS and NMOS are working in saturation mode. The calculation procedures are the same as those mentioned above.
	VDD=3V and VSS=-3V

	Hand calculation 
	Simulation

	-46mV
	-45.5mV



for VDD=1V and VSS=-1V,	Comment by Roy SHI: Working in cut-off mode
Notice that the absolute values of these two voltage source are less than the turn-on voltage. As a result, both MOSs are working in cut-off mode. So you cannot use (1) to (5) to solve these problem. You don’t need to do hand calculation for this particular problem, simulation is enough.
	VDD=3V and VSS=-3V

	Hand calculation 
	Simulation

	
	300.1mV








b. (20 points)
[image: ]
Both two transistors are working as a diode.
For NPN transistor Q2N3904, current flowing through BC junction is

	 	
Notice that 

	 	
For PNP transistor Q2N3906, current flowing through BC junction is 

	 	
Notice that 

	 	
These two transistors are connected in series,

	 	

.model Q2N3904	NPN(Is=6.734f Xti=3 Eg=1.11 Vaf=74.03 Bf=416.4 Ne=1.259
+		Ise=6.734f Ikf=66.78m Xtb=1.5 Br=.7371 Nc=2 Isc=0 Ikr=0 Rc=1
+		Cjc=3.638p Mjc=.3085 Vjc=.75 Fc=.5 Cje=4.493p Mje=.2593 Vje=.75
+		Tr=239.5n Tf=301.2p Itf=.4 Vtf=4 Xtf=2 Rb=10)
*		National	pid=23		case=TO92
*		88-09-08 bam	creation


.model Q2N3906	PNP(Is=1.41f Xti=3 Eg=1.11 Vaf=18.7 Bf=180.7 Ne=1.5 Ise=0
+		Ikf=80m Xtb=1.5 Br=4.977 Nc=2 Isc=0 Ikr=0 Rc=2.5 Cjc=9.728p
+		Mjc=.5776 Vjc=.75 Fc=.5 Cje=8.063p Mje=.3677 Vje=.75 Tr=33.42n
+		Tf=179.3p Itf=.4 Vtf=4 Xtf=6 Rb=10)
*		National	pid=66		case=TO92
*		88-09-09 bam	creation

As you can notice, the parameter ISC is not listed in the model file. Therefore, you can choose to use IS to substitute ISC or do simulation only. 	Comment by Roy SHI: Simulation only
	
	Vout

	VCC=5V and VEE=-5V
	1.122V

	VCC=3V and VEE=-3V
	782.2mV

	VCC=1V and VEE=-1V
	305.1mV



c. (10 points)

Choose a pair of models and sweep the parameter. The length or width doesn’t have to be 0.5u.

[image: ]

Run simulation in Pspice using above circuit,  such that output voltage is zero.
d. (10 points)

2.
a. (20 points)
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	Vin = 0V
	Vout = 848.6mV

	Vin = 21.2mV
	Vout = 0V




[image: ]
In problem 1, the solution is the intersection of two curves. The red line represents Vout = Vin	Comment by Roy SHI: intersection
In problem 1, the MOSs will always work in saturation mode as long as the voltage of battery source is large enough. But for problem 2, Vin should be selected within a narrow range such that both MOSs are working in saturation mode. 
For NMOS, to work in saturation mode, inequality (11) should be satisfied,

	                                    (11)
For this problem, (11) is equivalent to (12)

                      (12)
For PMOS, to work in saturation mode, inequality (13) should be satisfied,

                             (13)
For this problem, (13) is equivalent to (14),

        (14)
Solve (12) and (14) in Pspice, the area where all these four curves are above the zero is the solution.
[image: ]
The range is quite narrow.
b. (10 points)
Vin = 21.2mV, Vac = 0.1
[image: ]
[image: ]
c. (10 points)
[image: ]
As Vss increases, the Vin that corresponds to Vout =0 increases.
Vss=2-5V, the MOSs are working in saturation mode. When input voltage is 0V, output voltage will increase as Vss increases.
But for Vss = 1V, the MOSs are working in cut-off mode.
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