ECE 320 - Final (part 1) - Name

Semiconductors and Diode Circuits

1) Load Lines (diode). Draw the load line and determine Vd and Id for the following diode circuit

Load Line Q-Point (Vd) Q-Point (Id)

3.2V 48mA

show on graph
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2) Diode Circuits (nonlinear equations). Write the voltage node equations for the following diode circuit. Assume
non-ideal diodes with

Vy=0.052In (1087, + 1) I;=107% (exp (0052) 1)

o) 100 Vi1

100 ? Id1

V2

LR 4
Id2¢ ! ?

10V C> 100 V4 @

V3

100
100

=0 (l2) 1)

I = 10_8(exp (%) - 1)

a3 = 107 (GXP ( 0052) o 1)

(Vi;éo) + (Vi;(‘)/z) —In+1lpn—153=0
Vim?) (VTO(‘)@) +151 =0

(
(Vioo) (100) ~la=0
(

VT) +Id3 =




3) Assuming ideal silicon diodes (Vf = 0.7V), determine the voltages and currents

Vi =380V
V3 =3.10V
V4=3.10V

Vo, =345V

Vi V2 V3 1d1 1d2 1d3
3.80V 3.45V 3.10V 0 27.5mA | -31mA
VO 100 oVt
/A | 1
62mA off 07 EmA |
100 > |3.5mA ? Id1 i - on | |
| 3.45V on ld3 |
| ve Id2¢ ! ?!
10V <+> :100 i 3.5mA V4 @
- 3.10V
s 3.10V
********************** 100
100 i 31mA 31mAi
V3=V -0.7
Va=V-0.7
Vi-10 V,-0.7 V,-0.7
( ioo )"‘( l100 )"‘( l100 ):O




4) AC to DC converter: Determine the voltages (DC and AC) for the following DC to AC converter. Assume
ideal silicon diodes (Vf = 0.7V)

Vi V2

V1(DC) Vpp (AC) V2(DC) V2pp (AC)

10.04V 2.511Vpp 8.036V 0.233 Vpp
j94.25
3000uF 300uF

12sin(3771) ( X, N —T 20

60Hz .

12Vp -/8.84

L 3.270 - j7.396

max(V)=11.3V
[~ (M) =452mA

25Q
_ v
I=c%
452mA = 3000uF ~2-

1/60s
dV=2511V="V,

Vi(DC) = 11.3V =3V, = 10.04V

Va(DC) = (23—35) 10.04V =8.036V

(3.2708-./7.396) )
(3.2708—7.396)+(5+j94.25) (2.511Vpp)

V240 =
V2(AC) =0.233V),



5) Max/Min: Determine the currents for the following max/min circuit. Assume ideal silicon diodes.

Il 2 3 4 15 16
11.3mA 0 0 1.0mA 0 2.3mA
+12V +12V
l11.3mA 3.3mA
11.3mA 1.0mA 1k i ~m
1 13 14 15
- — 8.0V < —
oV 0.7V 87V 10V
A o—1 > <4 P oc
2V 8V
10k
B &3 M 1.0m 0 N O D

12

16

2.3mA




6) Clipper Circuits: Determine the resitances and zener votlages to implement the following function

RO R1 Vzl R2 Vz2
5k Ohms | 500 Ohms 12V 166 Ohms 16V
Y (Volts)

20
18f

: Vz2 = 16V
16| slope = 0.667
14|
ol Vz1 =12V slope = 2
10

8

!

4 slope = 6

2f

ol T

0 1 2 3 4 5 6 7 9 10

X (Volts)
X
+ 1k
) RO% R1 R2
gain =1 + R0/1k % Vz1 Vz2
1k
—
gam=6=1+% = Ry = 5kQ
R, _ _

(R +1k) (6)=2 = Ry =500Q

3R12=1259=R1 ||R2

R> =166




ECE 320 - Final (part 2) - Name

Semiconductors and Diode Circuits

Open-Book, Open Notes. Calculators & Matlab permitted. Individual Effort

1) Transistor Load Lines: Determine the gain of the following transistor (beta), the load line, and the Q point
when Vin is 3V and 6V

Load Line Current Gain (beta) Q point when Vin = 3V Q-point when Vin = 6V

100

show on graph show on graph show on graph

Vc =6V: Ib =265uA

i Ib = 250uA

9V 25
& Q-Point: Vc = 6V (saturated)
oy :
I b =200uA

400 20
c [ Q-Point: Vc =3V (active) = Ib=150uA

20k 15
Vin I
%\ {[ /VC=3V: Ib =115uA

— R e e S i e A Ib = 100uA
Ib 10
5 Ib = 50uA
0 LULIL L L L P L L L T L T L LT

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



2) Transistor Switch: Determine Rc and the range of Rb that results in Ic = 100mA when Vin = 5V. Assume an
ideal 3904 NPN transistor

« Vbe=0.7V

+  Vce =0.2V when saturated

- B =100

min value of Rb max value of Rb Rc so that Ic = 100mA

172 4300 68 Ohms

Ib = 25mA (max value) Ib =1.00mA

215

Ib = 20mA (max value)

430

Ib = 10mA (max value)

10V

Rc
LED
. Vf = 3.0V @ 200mA
Vin
5.00V

3904 NPN



3) Schmitt Trigger: Design a Schmitt Trigger so that

 The LED is on ( Ic = 100mA ) when R < 440,
- The LED is off ( Ic = OmA ) when R > 530,
» No change (on or off) for 440 <R < 530

+10V

+10V 68
10k 215k
Vf = 3.0V
°00 +10V @ 200mA
3904 NPN

172 < R <4300

AANAAAA—

- 10k 215k

R =440 (Y = 10V)
. V.= (ﬂ) 10V =4.681V

440+500
R =530 (Y =0V)

- V= (&) 10V =5.146V

530+500

gain = (M) =21.52

5.146V-4.681V



4) DC to DC Converter: Determine the voltages at V1 and V2 (both DC and AC)

V1 V2
V1(DC) Vlipp (AC) V2(DC) V2pp (AC)
5.555V 13.9Vpp 5.241V 1.211Vpp
45% du:)'/( ?yzcle Vi % 3 V2

(6280 rad/sec) [188.4

10uF
13.2V C) x —
- j15.92

— 4.604 - j14.457

Vi(DC) =0.45(13.2V) - 0.7(0.55) = 5.555V
Vo(DC) = (%) 5.555V=5.241V
Vi(AC) =139V,

Va(AC) = ( (4.604—714.457) ) (13.9,,)

(4.604—j14.457)+(3+/188.4)

V2(AC) = 1.211V,,



5) MOSFET Switch: Determine Ids and Vds whenVg =5V and Vg =10V. Assume

kn =150 mA/V2
Vth =2.0V (turn-on voltage)
Vg=5.0V Vg =10.0V
Vds Ids Vds Ids
4.60V 675mA 999.8mV 1.125A

Vg =5V (saturated)
kn 2
Ids = T(Vgs - Vth)

I, =%3(5-2)° 10V
1, =0.675
Vas =10 — 81 4 Idsi 8
Vi =4.60V

d

Vg =10V (ohmic)

Ids=0.15(10—2—vz‘“)vds Vg 4 — kn = 0.15 A/VA2
Vth = 2.0V

Vas + 814 =10
the solution is

Vds =999.86mV

Ids =1.125




6) CMOS Logic. Design a circuit to implement Y = A XOR B using CMOS logic

Y(A,B) B
1

A 0 1
1 0

Y=AB+AB

Y= (?HI_S) (A+B)

| w
W@




