ECE 320 - Final (pt 1) - Name

Semiconductors & Diodes

1) Load Lines: Assume the VI characteristics for the diode is as shown in the graph. Draw the load line for the
follosing circuit and determine Ix and Vx.

Load Line Vx Ix

4.6V 48mA

show on graph

X (MA)
100

90
80
70

Ix i -
130 60 Solution

50 i /
Vx ! 40

30

20

10




2) Nonlinear equations: Diode circuit

Assume the VI characteristics for the diodes shown below are

V,=0.0521n (108 - I, + 1) I,=107%- (exp( Y ) —1)

0.052

Write N equations to solve for N unknonws: {V1, V2, V3, V4, 1d1, Id2, I1d3}.

- Note: you do not need to solve.
- R =1000 + 100*(your birth month) + (birth date). For example, May 14th gives 1514 Ohms.

Vo R V1

oA\

2k v ¢ Id1
vz Id2T A ? y

10V C) 3k V4 @

V3

5k
4k




3) Ideal Silicon Diodes. Assume the diodes in this circuit are ideal silicon diodes:

- Vd=0.7V Id>0
- Id=0 Vd< 0.7V
+ R =1000 + 100*(your birth month) + (birth date). For example, May 14th gives 1514 Ohms.
R Vi V2 V3
1000 + 100*mo + day
1514 6.8221V 6.1221V 3.4983V
VO R ] V1l T e
2 \ 4 ¢ Id1 |
| - on |
e LV1-07 =2 4
| 'dQ? x on
10V C) -3k oft Vi @
| vi-0.7
V3 /
S . sk
4k

SuperNode

V110 % V0.7
(11514> +<4_Z> +( 15k ) =0

Node V3

V3—(V1=0.7) Vs
(Ltgen) o (3)

Vs = (3) (Vi-0.7)

V1 =6.8221V
V2=V1-0.7=6.1221V
V3 =3.4983C

Solving

=0




4) AC to DC: Analysis: Determine V1 and V2 (both DC and AC) for the following AC to DC converter

R Vi V2
DC AC DC AC
1514 1291V | 2.781Vpp | 11.40V | 1.077V_
Vi 10H 200 Vo
> il R aiVAVAY
j3770
U] 4000F |
15sin(377t) @ _— - R
e T 6631
1 1439 - 328

max(V1) = 14.3V

[~ (ﬂ) = 8.34mA

R+200
_ dv
I=c-%
8.34mA = SOUF - To-
dV=2.781V="V\,

Vi(DC) = 143V -1 2781V, = 1291V

Vo(DC) = ( 1514 ) Vi(DC) = 11.40V

1514+200

V2(AC) = ( P )Vl (AC) = 1.077V,,

(1439—j328)-+(200+j3770)



5) Max/Min: Analysis: Determine currents I1..16. Assume

Ideal silicon diodes (Vf=0.7V)
R = 1000 + 100*(your birth month) + (birth date)

_>

off

R 11 12 13 14 15 16
1514 0 9.29mA |3.303mA 0 20.6mA 0
+12V +12V
12.60mA 20.60mA
500 50
§ 14
- —|>3 5.0V - —|5>
8V off Y 1V
A
o— > < p—oc
on off on
5V 5.7V 3.303mA 1.7V 6V
ool R P o
6

-«
|2 9.29mA |



6) Clipper Design: Determine the resistor and zerner voltages to implement the following function

RO Vzl R1 Vz2

Y (Volts)

10

X (Volts)

RO R1 R2

gain =1+ R0/1k Vzi Vz2

1k

IR



ECE 320 - Final (pt 2) - Name

Transistors and Mosfets

6) Determine the current gain, . Also draw the load line and determine the operating point when Vin = 5V

R Current Gain Load Line Vce Ic
1000 + 100*Mo + Day hfe = beta

1514 10 4.2V 28mA

show on graph

Ic (mA)
60
v 5ol — Ib = 5mA
w0l Ib = 4mA
i Solution
I Ib = 3mA
O ——————————— T T T 1 T
Vin
Ib = 2mA
20

Ib=1mA
10!:
O LULe Ll P el Pt P P P et e P e P P

0 1 2 3 4 5 6 7 8 9 10 11 12
Vce (Volts)



7) H-Bridge: Assume

- R =1000 + 100*(birth month) + (birth day). May 14th would ive 1514 Ohms
+ Ideal silicon transistors (Vbe = 0.7V, Vce(sat) = 0.2V, = 100)

Determine the currents for voltages for the following H bridge.

R 11 2 3 V4 V5
1000 + 100*Mo + Day
1514/6.143mA | 192mA |6.143mA 9.8V 0.2V
10V 10V
R R
9.3V
ov G T 3906 3906 T3 O 10V
S saturated off
116.143mA 50
Va 9.8V 0.2V Vs
—
R 2 192mA R
0.7V 10V
oV o T2 3904 3904 14 O
off saturated -

I3 6.143mA




8) Schmitt Trigger: For the following Schmitt trigger, determine

« The voltage at V1 where V2 goes,
- The voltage at V1 where V2 goes low, and
« Rb so that the transistor is saturated when V2 = +5V

Let R = 1000 + 100*(birth month) + (birth day)

R
1000 + 100*Mo + Day

V1(on)
Voltage at V1 where V2 goes high

V1(off)

Voltage at V1 where V2 goes low

Rb

Pick Rb so that the transistor
saturates

1514 2.3V 2.96V

172<Rb<2150

25mA <lb < 1.96mA

5V

!

b o

+10V

on off 50
200 R 2 3V 2.96V
20 AN\~ |
196mA
3904
Vm >
- 1.96mA .. 25mA
@ A A -

200




9) DTL Logic: Determine the voltages and currents for the following DTL logic gage. Assume

- R =1000 + 100*(your birth month) + (birth day)
- Ideal silicon diodes (Vf=0.7V), and
+ Ideal 3904 transistors (Vbe = 0.7V, Vce(sat) = 0.2V, f=100)

R Vi 12 V3 14 V5

1514 4.3V 180uA 0.2V OmA 4.648V

5V 5V

3.170mA

v5 4.648V

SV 20k

ov



10) MOSFET Load Line: For the following MOSFET circuit

« Determine the transconductance gain, kn,
e Draw the load line, and
« Determine {Vds, Ids} when Vg =5V

kn Load Line Ids Vds Operating Region
transconductance gain off / active / ohmic
30.4 uA/V? 240uA 495V saturated
or show on graph or or or
30.4 mA/V? 190mA 2.2V ohmic
Ids (UA)
400
- Vgs = 6V
5V N
300 i Solution (uf\)
Idsi — Solution (mA) \
Vgs = 5V
d 200
Vg g
Vgs = 4V
s
100
- Vgs = 3V
Vgs =2V
0 TN TN T TN NN N TN T ST NN NN T T T AN T N T N B |
3 4 5 6

Vds (Volts)

Pick a point A (saturated region)
Liy=2(Vgs = Vi)®
380pA = 22(6 - 1)°
k=304



