Solution to the practice problems
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Out = (AB+C)’

2. Draw a CMOS circuit for the function: Out = (AB)’ +A’C
Out = (ABY’
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3.Analyze the flooolwing NMOS circuit. K = 1mA/V? and Vi =1V
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a (10 pts) Using KVL, write the equation of Ids as a function of Vds.
Solution:  V+=V-=], therefore Vsource=10
Setup KCL at the Virain node: (10V-Vds)/ 1kohm=Ids— [Vds/Tkolum)
Ids (mA) = (10V-2Vds) 1kohm
MOSFET B Characteristic
1E T T T T T T S [EREEEE .....

gems D0 W
et 1Y
§'~‘!:|5=3 i]l:l k4
Vgl a0y
Mge=100Y
i L o

b.

At Ids=0, the Vids=5v, and at Vids=0, the Ids=10mA from part a.

c, By nsing vour load line plot or by wsing the equation for current through a MOSFET,
Find Vizg. Iosg, Vosg
Solution: The ) point is where the Vgs=3v, from voltage divider rule, we know
Ves=10v (3/3+7) =3volts.
Vdsg=3v (can read of the plot)
Ids=dmA by substituting the Vgs and Vds into Ids{mA) = (10V-2Vds) 1kohm
or solve Ids=K(Vgs-Vi)" 2=K(3-1)"2=dmA
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a) Small signal equivalent circuit:
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Open circuit voltage gain:

vol = (gmvgs)(]'Ok! ) = gm (vi ) vol)(lok! )
Vol _ 5_0
v, 51

1

Output resistance Ry;:

Add a test voltage source and take out v;. The dependent current source becomes only
dependent on the test voltage source. That means we can regard it as a resistor with resistance
of 1/gm.

_(10k){1/ g,,)

= ~196Q
10kQ+1/g,

b) Small signal equivalent circuit:
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Input resistance Riy:

R. — V;z - (ll + gmvgs)(IOkQ) — (lz + gm(_th))(IOkQ) - 1969
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Voltage gain:

Skx2k S5k x2k
V, = _gmvgs(Sk N 2k) = _gm(_viz)(sk + Zk)
v, 50
v, 7

c) For this cascaded circuit, because voltage-gain depends on the load resistance, the gain for
the first stage needs to be modified. The load resistance of the first stage would be the input
resistance of the second stage, which is 196 ().

10kQ2x R,
v Sl R,
Ay, === =0.49
Vi 10kQx R,
"\ 10kQ + R,
Av, == 50
v, 7

Total voltage gain = Ay1xA»=3.5

Assume the FET is operated in the saturation region

VGSQ = VDSQ

Vop =1 DQRD + VDSQ

IDQ = K(VGSQ _Vm)

Solve these equations and get V)5, = Vg, = 6.5V, 1), = 6.135mA
Vs 2Vss = V,, =2 Assumption is correct!!!

= o AR (Vs ~ Vi) = 35mAlV
MWV 0
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Output resistance R,:

Small signal equivalent circuit:
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Since the dependent current source depends only on VX, it can be regarded as a resistor

with resistance of 1/gm

R _L/g’")=2539

° R, +l/g,
6.
a)
vo—20x—M2_yop
IMQ + 1MQ
Visp = Ve = 10V

Assume the FET is operated in the triode region

Voo =1poRp + Vo

IDQ = K[z(VGSQ -V )/DSQ - VD2SQ:

Solve these 2 equations and get Vpso = 0.446V,1),, =19.554mA

Vs <Ves =V,, =2 Assumption is correct!!
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Small signal equivalent circuit:
G D
s T
n +
g
B RZ‘ Rl _ ry ‘ R,| R,
s+
o= DR, Vi) = 2KV, |, = 42.774Q
VDS 0

4, =-g,(r,[R,|R,) = -2.08
R, =R|R, =5MQ
R, =7,|R, = 0.98kQ



