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Homework Assignment No. 1 — Solutions
Problem 1

(a.) The first thing to do is to find Thevenin’s
equivalent circuit seen from the diode.

The Thevenin voltage is, L k@ 2kQ
2.4 Y V()
Vin=Vin\3-3)=73 T %0 ko

The Thevenin resistance is,

WA

Rpy = 1kQII2kE2 + 1kQI12kQ =7 kQ

The equivalent circuit now becomes,

Now , with V= 10V, we know the diode is forward % kO

biased. Therefore, replacing it with a short-circuit
gives, + +

Vin
10 3 3 . Vp

Vp=0V andIp =73 xz30 =2.5mA -

FO2HO1S1
(b.) With V5 =-10V, we know the diode is reverse

biased. Therefore replacing it with an open-circuit gives,

Vp=-3.33V and I, =0 mA
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Problem 2
If B =100 and Vg, = 0.6V, solve for the dc values of g, 10V
Ic, Ig, V. V. and Vi of the transistor circuit shown.

. Ry = I
Solution 100K l C
The first step is to find a Thevenin equivalent circuit seen Ve
from the base to ground. This circuit is shown below where VB

10-R, Ri= % Ve
Vep=R,tR, =5V and Rp=Ryll Ry =50k L00KC Ve
— S03Q01P1

= Vee
- =10V

S03Q0IS1 ——

The base current, I, can be found from the base-emitter voltage loop.

Vpp-0.6 4.4V
Vg =1IpRg + Vgro + 1y I+PpRy — Ig =R 1T+ ppR, = T51kQ = 22:14uA

Ic=Pplg=2914mA and Ig=I1.-+1p=2943mA
The voltages of the transistor can be found as follows.
Ve =10V -Io Re=10-2914mA-2kQ =10 -5.83 =4.17V
Vg =1g Rp =2.942mA-1kQ = 2.942V
Ve =Vg+ Vprp=2.942 + 0.6 = 3.543V
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Problem 3

A pnp BJT circuit is shown. (a.) Find the dc values of I, I o 1p
Vi, Veand Vi if =50 and Vg(on) = 0.65V. (b.) For what value
of R~ does the BJT become saturated? (Recall that saturation of a
BIJT corresponds to the BE and BC junctions forward biased.)

Solution

(a.) Note that |/, =1mA O‘F:m:5_120'98

A= aplp =098 1mA = 0.98mA = [ 1= 0.98mA

1
c 098mA
IB = ﬁ_F: 50 = 196]JA = IB = 196}1A

Now, Vg = I, 100kQ = 1.96V = [ V= 1.96V

V= Vg + Vgglon) = 1.96V +0.65V =2.61V = [ V=261V

Finally, V- =-10V + I ~10kQ2 =-10V + 0.98mA-10kQ = -0.2V = | V-=-0.2V =0V

(b.) Saturation occurs when Vp~=0 of Vp = V. Therefore, V-=1.96V. The current
through R~ is still 0.98mA, so solving for R -~ gives,

Ve+ 10V 1196V
T =008mA = 1220kQ = [R-=122kQ

RC:

Rin Rg=1kQ nggs olut
Ai
Vin Rc= v
10kQ + ¢ 10kQ IOKQ out
o

B SO3HOIS4
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Problem 4

The NMOS transistor shown has the parameters of K, =
1mA/V2, V=1V and Ay = OV-!. In saturation, the large
signal model is i, = 0.5K,,(vgs-V)?.

a.) Assume the NMOS transistor is saturated and find the
value of Rg that gives a drain current of 0.2mA.

Rs
b.) What value of R, will cause the MOSFET to go from
the saturation to the active region when I = 0.2mA? S04Q01P1
Solution

a.) Let us solve for the value of V¢ that gives I, = 0.2mA when the MOSFET is
saturated.

Ip=0.5K,(Vgs— Vin)? = 0.5(Vgg-1)? = 0.2

0.4=Vgg2-2Vgg+1 —  Vgg2-2Vge +0.6=0

Vgs = 1+£0.5V4-0.6(4) =1£0.5V1.6 = 120.632V  — Vg = 1.632V (2)
Since we know that V; =5V (1), then Vg =5 -1.632 =3.367V

Vs 3.367
Therefore, Rg = E =02mA = 16.84kQ (3)

b.) To find the value of RD that will cause the MOSFET to leave the saturation region and
enter the active region, we will use the following relationship that gives the conditions at
the boundary of the two regions.

Vps=Vgs = Viy (1)
This relationship can be rewritten as,

Vp=Vs =Vg=-Vs-Voy —  Vp=Vg -Vpy =Vg-1 (D)
Therefore, V = 5-1 =4V is when the MOSFET will be at the boundary of the two

regions. Thus, the voltage drop across R, is 6V and the current through it is 0.2mA.
From Ohm’s law, we get,

(10-Vp) 6V
Rp =777, =02maA =30k& ()




ECE 3050 — Fall 2004 Page 5

Problem 5

The following questions give the dc voltages at the terminals of an active device. You are
to calculate the designated dc current.

a.) Find the diode current, I, where I¢ = 100fA and V= 0.025V (2 pts).

Obviously, the diode is forward biased. Therefore,

Vo| 3 ( 0.6 )
Ip =1Igexp Vr) = 107 exp\925) =2.65 mA

2V
b.) Find the drain-source current, Ig, where K, = 25uA/V2, Vg = 1V oy |_T
and W/L = 10 (2 pts). o—! lID
We see that the enhancement, n-channel MOSFET is in the saturation ’_1
region. Therefore, ov
F02Q01P1B
5w , 2510
Ips=731 'Vgs -Vin“="7  (2-1)"=125pA
5V
c.) Find the collector, emitter, and base currents, I, I, and Igif I¢ = l Ic
100fA, V7=0.025V and B = 100 (4 pts). 2,
0.7V
We see that the npn BJT is in the forward active region. Therefore,
bie
~ VBe| 13 (0.7)_ oV
Ic=1Igexp\Ty, | = 107" exp\p o25) =144.6 mA F02QO1PIC
Ic
IB:[J’_F:1446mA and IE:IC+IB:146mA

d.) Repeat (b.) if V=1V and V; =3V (2 pts).
We see that the enhancement, n-channel MOSFET is in the linear region. Therefore,

W Vbs
IDS = Kn’f VGS - VTN - T VDS = 2510(3-1-05)(1) =375 gA



