ECE 320 - Quiz #5 - Name

555 Timers, Transistor Switch, Comparitors, Schmitt Triggers - Spring 2023

1) 555 Timers. Determine R1, R2, and C so that the 555 timer outputs a 20% duty cycle 220Hz square wave:

ton =(R1 +R3) - C-1n(2) =2.000ms

tof = Ry - C - 1n(2) = 8.000ms

Let R1 be your birthday day (800 + 100*Month + Day)

R1 R2 C
800 + 100*Month + Day 800 + 100*Month + Day (uF)
-6.5876 Ohms 8.7835 1314 uF
or not possible with this circuit
+5V +5V
8| 4
Vcc  Reset 5V
R 555 Timer
7| ov
Discharge
Ton Toff
R2 5
Trigger
6 3
Threshold Output
Triangle Square Wave
- Wave oV /5V

ol

R> - C-In(2) = 8.000ms

R, =8.7835Q

1

(R1+R2) - C-1In(2) =2.000ms
R1+R2=2.1959Q




2) Transistor Switch: Design. Specify R1 and R2 so that when Vin = 5.00V,

« Ic = (800 + 100*Birth Month + Birth Day ) mA.
« The transistor is saturated, and
« Ib <25mA (the maximum output of a 555 timer)

Assume 6144 transistors

« |Vbel=0.7V
* | Vcel=0.2V when saturated
. B=200
Ic (mA) Rc min value of Rb max value of Rb
800 + 100*(Mo) + (Day)
1314 mA 8.9802 Ohms | 172 Ohms | 654.49 Ohms
+12V

Rc

Ve

NPN

Ve

[ 12v=0.2V ) _
R, = (12027) _ g 98020

min(7,) = (IE) = (%) = 6.57mA

R, = (SV——(”V) = 654.49Q

6.57mA

max(/p) = 25mA

_(sv-07v) _
R, = (352Y) = 1720




3) Darlington Pair (analysis). Assume two 6144 NPN transistors are connected as a Darlington pair.

| Vbe | =0.7V
| Vce | = 0.2V when saturated
. B=200

Let Rb be 800 + 100(Birth Month) + Birth Day. Find the currents and voltages.

Rb 11 12 13
800 + 100*Mo + Day

1314 Ohms 2.7397mA 6.9166mA 1.3833A

Vi V2 V3
1.4V 0.7V 0.9V
+12V

I = Gg;}g) =2.7397mA

12V-0.9 14
I+15 =1y = (1209 _ § 38754 | <
L=I+15 S

® V3
I3 =2001,
Rb Vi1 i 13
. +5V
Solving Vo

I, =6.9166mA 11

I3 = 138334 el



4) Comparitor: Design a circuit which output

5V when R2 > 1200 Ohms
« 0V when R2 < 1200 Ohms

where R is 800 + 100*(Birth Month) + (Birth Day).

+5V
R
2.3866\f—
R2
R =1314 Ohms
_ 1200 _
V= () sv=23866V

For R2 = large (1M Ohm)

* V goesto5V
« Y=5V

Connect to the plus input

_|_

+5V

MCP602

Y
R2 > 1200



5) Schmitt Trigger: Design a circuit which output

« 5V when R < 1200 Ohms
« 0V when R > 1300 Ohms

» No change for 1200 < R < 1300 Ohms
Let R be 800 + 100(Birth Month) + (Birth Date).

)]
<

1314

Va

) %
R =1314 Ohms

R2 = 1200 Ohms (Y = 5V)

o=

R2 = 1300 Ohms (Y =0V)

vas(

V(on) < V(off)

1200
1200+1314

)sv
)sv

connect to the minus input
V(on) = 2.3866V
offset = 2.4866V

1300
1300+1314

Gain:

SV-0V

10k

23866 —\/\/\,—

10k

=2.3866V

=2.4866V

gain = (

2.4866V-2.3866V

) =50.01

500.1k

—AAA—

5V

+

MCP602

AN —

500.1k



6) Schmitt Trigger: Analysis. Determine the voltages and resistance where the following Schmitt trigger turns on

and off. Assume Rx is 800 + 10*(Birth Month) + (Birth Day).

R On (V2 = +5V) Off (V2 = 0V)
800 + 100*Mo + Day
131 4 Vi1 R2 Vi1 R2
3.2V 2336 Ohms 4.2V 6898 Ohms
+5V
100k 500k
3.2V 4\/\/\/7
o YA
+5V
V1 _I_ Vo
MCP602 —
R2 L
[ AAAAAAN—:
- 100k 500k
V(on) =3.2V

Offset is the on-voltage

32V = (L)sv

R>+1314
R, =2336.0Q2
V(off) = 4.2V
V(on) < V(off) when connected to the minus input
ain=>5= (—SV_OV )
AN =9 =\ yiom—3.2v
_ R>
4.2V= (R2+1314) SV

R> =6898.5Q




