ECE 320 - Homework #8
Boolean Logic, DTL, TTL Logic. Due Monday, October 21st

Transistor Data Sheets

1) Find the data sheets for a 3904 transistor. From the data sheets, determine

Vbe @ 20mA PEroduct indgx » Discrata Products » - Bipotar (BJT) - Single * ON Semiconducion N304
« Ib=1mA: 0.65V < Vbe < 0.85V 2N39048U Dutashet 2
- Ib=5mA Vbe < 0.95V . oo ot s
Ve s
« lc=10mA Vce < 0.2V L oescroen
- lc=50mA Vce < 0.3V e :
hFE — B G25m\*
- Ic=0.1mA hFE > 40
- lc=1mA hFE > 70
- lc=10mA 100 < hFE < 300
- lc=50mA hFE > 60
« lc=100mA hFE > 30
Ic(max)
- 200mA

Absolute Maximum Ratings'" @

Stresses exceeding the absolute maximum ratings may damage the device. The device may not function or be opera-
ble above the recommended operating conditions and stressing the parts to these levels is not recommended. In addi-
tion, extended exposure to stresses above the recommended operating conditions may affect device reliability. The
absolute maximum ratings are stress ratings only. Values are at Ty = 25°C unless otherwise noted.

Symbol Parameter Value Unit
Veea Collector-Emitter Voltage 40 v
Veso Collector-Base Voltage 60 vV
Vepo Emitter-Base Voltage 6.0 \

e Collector Current - Continuous 200 mA

T, Tste |Operating and Storage Junction Temperature Range -55 to 150 °C

ON CHARACTERISTICS®)
le=0.1mA Vee=10V 40
le=1.0mA Ve =10V 70
hee DC Current Gain le=10mA, Ve =10V 100 300
le=50mA, Ve =10V 60
lc =100 mA, Vge = 1.0V 30
: ) le =10 mA, I|g=1.0mA 0.2
Veg(sat) | Collector-Emitter Saturation Voltage v
Ilc=50mA, lg=5.0mA 0.3
) ) lc=10 mA, Ig=1.0mA 0.65 0.85
Vpe(sat) |Base-Emitter Saturation Voltage v
lc=50mA, Ig=5.0mA 0.95




Boolean Logic
2) Design a circuit using NAND gates to implement Y(A,B,C,D) (i.e. circle the 1's)
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3) Design a circuit using NOR gates to implement Y(A,B,C,D) (i.e. circle the 0's)

Y=BC+BD+ACD+ACD +BCD

Use DeMorgan's theorem

N—

Y=(B+c)(8+D)(a+c+D)(A+c+D)(B+C+D)
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DTL Logic

4) Determine the voltages and currents for the following DTL AND gate. Assume 3904 transistors (from
problem #1)

0.2V

l 958uA

5V
A < _ . 100k

43uA

Transistor T2 is saturated

Bl = 3.6MA > 958LA

5) Determine the voltages and currents for the following DTL OR gate. Assume 3904 transistors

iZOOuA

V5 4.00V

20k




6) Check your analysis for problem #5 (DTL OR) in PartSim (or similar program)

D3 R3
1N4148 100 kQ

Q1
2N3904

Q2
2N3904

VVA

RS
20 kQ

4 Add Expression
EExportResults..
Run DC Solver

V1
5V



7) (Lab): Build a DTL OR gate in lab. Measure

+ The votlages when the input is { 0OV, 0V },
+ The votlages when the input is { 0V, 5V }, and
« The maximum frequency the logic gate can respond to (apply a square wave at the input)
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"True" =4.72V, "False" = 0.00V

i RIGOL T°D

Maximum Frequency = 107kHz (approx)



TTL Logic

8) Determine the voltages for the following TTL inverter. Assume 2n222 transistors.

=100 ctoe
B=4 etoc
5V 5V 5V 5V

100k l43uA 5k l47UA i%UA 5k l960uA
4.76V 0.2V
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ov )
off
100k saturated 100k
saturated Sa




