ECE 320 - Homework #6

Boolean Logic, DTL, TTL, Mosfets
Boolean Logic

1) Design a circuit to implement Y using NAND gates

AB

Y=CD'+AD+ AD'+B'CD
Using NAND gates
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2) Design a circuit to implement Y using NOR gates

AB

Y'=A'CD + ABD + ACD'
using DeMorgan's Theorem

Y=(A+C+D)A+B +D)A'+C'+D)

Using NOR gates:
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DTL Logic

3) Determine the voltages and currents for the following DTL OR gate

I = (w) — A

50k
Bl =14.4mA
max(l,) = (W;—?fv) =2.40mA
BI, > 1, T1 is saturated
V;=02V<0.7V T2 is off

vs5 4.808V

50k




4) Simulate this circuit in CircuitLab to verify your answers for problem #1

RS
Vi 50 kQ
| a1 Q2 RS
I VWA l\\znaaod 2N3904 % 50 kQ
D1 D3
+ VO 4n4004 1N4004
— Jsv
|
o
D2
1N4004 A4
i) 4486
Vi3 BE.70 mi
YivE) 4808 Y
I(RE.nA) 75.96 pA
R2.nA&) 2467 mA
IR, nA) 0.000 A
Calculated Simulated
V1 4.30V 4.486V
V3 0.20V 0.067V
V5 4.808V 4.808V
[(R8) 72UA 75.96UA
I(R2) 2.40mA 2.467mA
I(R9) 0 0

V1
5V



TTL Logic

5) Determine the voltages for the following TTL inverter. Assume 3904 transistors.

Left Circuit

5V-0.7V
c I, = (W) = 143pA

. 1.=0

- This turns on (saturates) T1

. V.= (ﬂ) 5V =4.688V

30k+2k

- L= (%) = 156pA

sat
beta =100

Right Circuit
_ [ 5V-14V ) _
I, = (W) = 120pA
1. = BI, = 360uA

T2 now has a base current of 480uA

which allows 48maA to flow

max(I2) = 2.40mA (T2 is saturated)

12
156UA

4.688V

30k

5V

5V 5V

b

30K 1 20uA2k

12

2.40mA

0.2V

active o 7v Sa
beta =3

sat

30k



6) Simulate these circuits in CircuitLab and determine the voltage and currents

iin W )
W1 B3y | O
W2 Sidlmy ol 0
YIv3) 4687Y | @
I[G1.nE) 442 ph @
I[G2.nB) 00004 - @
I{R2. nd) 1563 pA | © +\va
+ Add Expression _ v
ElExport Results. .
Run DC Solver Q2
Q1 2N3904 :.;
2N3904
+ DC Sweep
» Time Domain
+ Frequency Domain
V1 V2 V3 I(Q1.e) 1(Q2.b) I(R2)
Calculated 0.7V ? 4.688V 143uA 0 156UA
Simulated 0.6532V 5.731V 4.687V -144.9uA 0 156.3uA

Wing
Y1)
Viv2)
Yv3)

I(11.nE)
(2. nE)
I(R2.nA)

5000Y .
1354 -
7100 my -
2434 my
48B.1 pA
BO7.G ps -
24B8 mA

0000000

+ Add Expression

ElExport Rasults. .
Run DC Solver

» DC Sweep

» Time Domain

+ Frequency Domain

2N3904

Q2

Q1

2N3904

()%

VA V2 V3 1(Q1.e) 1(Q2.b) I(R2)
Calculated 1.40V 0.70V 0.20V 360uUA 480uA 2.40mA
Simulated 1.354V 0.710V 0.0234V 486UA 607uA 2.488mA

note: CircuitLab uses B=5.00 when used backwards for Q1




Temperature Alarm using DTL Logic

The circuit below uses a DTL NAND gate to drive the speaker when

» The 555 timer outputs 5V, and
« The comparitor outputs 5V,.

7a) Determine the voltages when V3 =V4 =0V

« V5=0.7V
» The TIP transistor is off
e Ic=0

- note: this is the sate if either V3 or V4 is logic zero (DTL AND gate)

+5V

+
[4;}
<

+5V

5V
R1 8 4 e i 8 Ohms

10k Vce Reset Speaker
1k
\ 7
Discharge
[
R2
10K 555 Timer s B3 Vs b TIP31
ST P B A “VELE g
e
V2 6 —
c ; Threshold -
0.1uF Trigger

J:1 T=(R1+2'R2)*C*In()

+5V
Vm
R3 I
MPC602

1PVWAA®
<
N

Thermistor
or
Light Sensor



7b) Determine the voltages when V3 =V4 =5V

- V5=14V
» The TIP transistor is on (saturated)
»  Ic =600mA
+5V *ﬂ
5V
t 5V
R1 8 4 o i 8 Ohms
10k Vee Reset Speaker
1k
V1 7
Discharge
[
R2
o 555 Timer 5 V3 V5 b TIP31
ouput -0 P> o
e
V2 L
c ; Threshold -
0.1uF Trigger

g T=(R1 +2*R2)*C *In(2)

-

Vm
R3

A
|

MPC602

+

Thermistor
or
Light Sensor

R4

IV VAV AVAVAVEE:



MOSFET

8) Label the operating regions on the graph below (off, ohmic, saturated) and determine the transconductance
gain, kn. Assume the turn-on voltage is Vt = 1.00V

To find kn, pick a point. point A (Ohmic region)
L= kn (Vgs Vi — %) Vs
600mA = kn<7V— V- %V) 2V

k, = 0.060%
1%
Point B (Saturated revion)
l4= %(Vgs - Vth)2
1080mA = 2(7V - 1V)?

A
ky = 0.0604
Ids (mA)
1200
1100 B vgs-7
L TV
1000
10V I
900
800 -
'dsi . i Vgs =6
700
d 600 Saturated
+
500 Vgs = 5V
Vg 4 Vds L
400
. L
300 Vgs =4Y
- 200
L Vgs=3
100
L Vgs = 2Y
0 "\\\\\\\\\\\\\\\\Off\\\\\\\\\\\\\\\\\\\\
0 1 2 3 4 5 6 7 8 9 10

Vds (Volts)



9) Draw the load line for the circuit below. From the load line, determine the operating point (Vds, Ids) when

- Vg=2V
. Vg=7V
Ids (mA)
1200 —
1100 Vgs =7
1000
10V
900
800 =
Idsi Vgs =6
8
700
g 600
+
500 Vgs =5\
Vo g Vds
400
- Vg = 2y
s 300 Vgs ¥ 4
- 200
Vgs =|3
100
Vgs's
0 1111111111111111_
0 1 2 3 4 5 6 7 8 9 10

Vds (Volts)



10) Calculate the operating point (Vds, Ids) when
Vg =2V (Saturated region)

L4 = %(Vgs - Vth)2
Iy =%22V-1V)* =30mA
Vds = 10 - 8 : Ids = 976V

Vg =7V (Ohmic region)

Ly = kn (Vgs Vi — %) Vs

I = 0.06(7 —1- Vf“) Vi

2
Vias =10—=8 - I 45
solving 2 equations for 2 unknowns
Vds =3.218V
or
Vds = 12.949V

The former is the correct solution
ans

Vds = 3.218V

Ids = 848mA



Lab: DTL Temperature Alarm

11) Build the following the following circuit with your lab kit

+ Include a photo for full credit

+5V

R1

+5V

10k

n

0.01uF Trigge!

Threshold

rge

r

M
5

J:1 T=(R1+2"R2)*C*In(2)

-

V4
MPC602

Thermistor
or
Light Sensor

+5V
R3 %

+5V

5V
8 4 Ic l 8 Ohms
Vce Reset Speaker
330
V1
! Discha
[
R2
10k 555 Timer 3 V8 V5 b TIP31
Output NPN
e

TIP31

bce




12) Verify your design in hardware (build and test the circuit with your lab kit).

- Alarm is off when it's hot (R4 = 100 Ohms)
» Alarm is on when it's cold (R4 = 10k Ohms)
*  You can also adjust Vm to turn on and off the alarm

Light

« V4=160mV

- V5=800mV

- Alarm off

B
Freq:488.0Hz :AVg:‘IQO.ﬂmV
' 2V X1 DC @QAuto £ CH1 500mV X1 AC
Output of comparitor (V4) when light (alarm off)

Dark

. V4=432V

- V5=1.20V

- Alarm On

Freg1.45KHzZ
2V X1 DC £:Auto § CH1 500mV X1 AC

Output of comparitor (V4) when dark (alarm on)



Alarm On

Vce = square wave

Freq86.0Hz  Avg2.91V
Z¥ X1 _DC #jAuto § CH1 500mV X1 AC

Ourtput of 555 timer



13) Demonstrate your temperature alarm

Adjust Vm so that the on/off temperature is close to room temperature
The alarm should turn off when you blow hot air on the thermistor
The alarm should go back on when the thermistor cools off

Results:

« Light: Alarm Off
- Dark: Alarm On
- Switches when Vp=Vm

Replace the light sensor with a thermistor

« Hot: Alarm Off
+ Cold: Alarm On
- Switches when Vp=Vm

Lo
@258 e TRIGGER
MOVE

CH1 A

wo 1« D *

v




