EPE2165—Exam #2

August 10, 2022

Vpp=+25V
I l
1. (20 points) The NMOS transistor in Figure 1 has a thresh- Ro
old voltage V; = 0.7V, p,Coxr = 100pA/V?, L = 1um, Vo
and W = 32pm. If the channel-length modulation effect -
is neglected, calculate the value of Rp and Rg so that the -
transistor operates with a current /p = 0.4 mA at a voltage Ip l .
Vp = 0.5V. ’
Vig=—25V
FIGURE 1
Solution:
« The resistor Rp can be calculated with
Vop—Vp 2.5V —0.5V
Rp = = = 5k 1
b Ip 0.4 M
« The resistor Rg is determined from Equation (2)
Az
R — Vs - 55 @)
D

Vs is unknown at this point. However, it can be computed from V; 5 and Vpy since the
transistor is operating in the saturation region (i.e., because V > V(;). In saturation,
the current /p is given by Equation (3)

1 w
Ip = §unC’ofo02V (3)

Consequently, substituting with the known constants, we get (Equation (4))

400 pA = 100 pA/V2EVE,,
= 1600V3,,

Which implies that (Equation (5))

(4)

V3, =0.25V? & Vo = 0.5V (5)
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From Equation (5), Vizg is given by
Vas =V, + Voyr =0.7V 4+ 0.5V = 1.2V (6)
Since Vi = 0, the voltage at the source should be instead Vs = —1.2. Thus,

—-1.2V + 2.5V
Rg 0 dmA 3.25k (7)

2. The BJT in Figure 2 has 5 = 100, Vogse: = 0.3V and Vg(on) = 0.7V. Find Vg, Vi and
I'p, I~ and the transistor’s mode of operation:

+10V

5kQ

2kQ

FIGURE 2

(a) (10 points) When Vg = 0V

Solution: In this case, the transistor is in cut-off mode. Thus,
+10V

Q Cut-off

(b) (10 points) When Vi = 3V
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Solution: In this case, the transistor is in the active mode
REIGRE 0 e Vo=V —V,, =3-0.7=23V
Ve=10-1.14x5 _ Vg _23 __
Ty o Ip=3E=50 = 1.15mA
V”:*”, I e Ic=alp=0.99 x 1.15 =1.14mA
=001 mA Vp=3-07=+23V . IB = IE’ — ]C = 0.01mA
et $ 2 « Vo =10V — I¢Ro = 4.3V
<
Qin Ac\?ve Mode

(c) (10 points) When Vg = 5V

Solution: If we apply the same approach as in (b) above (and assume that the
transistor is in active mode), we would notice that /~ < 0, which is not possible.
Thus, the transistor must be in the saturation mode. In this case:

+10V

. ) . VE - 43V
e Ip=43/2=215mA

Ve =Ve+Vegsa = 4.3+ 03V =4.6V
Vp=+43V . [C’ _ 10\/;4.6\/ —_ 108mA
. [B:IE—IC:107mA

p=1p—1Ic
=1.07 mA

I,—:#:z_ISmA¢ 2
B _Ic 108

''''' 4=, Tor=l<< B: Q in Saturation
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