Micro Electronics 120 Lab #21

Using a 4 bit TTL Latch
Resource Materials: 

Digital Electronics Textbook Chapter 7

Objectives

1. To wire and test an encoder-decoder system using TTL ICs that latch data at the inputs to the decoder on each keystroke.

2. To observe the action of the latch enable circuitry.

Materials

1    7410 3-input NAND gate IC

9    Logic Switches
1    7420 4-input NAND gate IC


1    7432 2-input OR gate 1C
8    LED indicator-light assemblies

1    7447 BCD-to-seven-segment decoder IC


7    150 Ohm resistors

1    7475 4-bit transparent latch IC

1    10 Kohm resistor

1    250-μF capacitor

1    74121 one-shot multivibrator IC

1    5-V dc regulated power supply

1    74147 10-line-to-4-line encoder IC

1    logic probe (optional)

1    common-anode seven-segment LED display
System Diagrams 

The complex encoder-decoder system you will wire and operate is shown in simplified block form in Fig. 7-9. The encoder translates the 10 inputs from the keyboard to inverted BCD form. This is displayed on four LEDs at the left. The latch enable circuitry generates a short pulse for each keystroke which transfers the encoder output to the com​plementary Q outputs of the 4-bit latch. This latched normal BCD data can be read on the four LEDs at the top right. The 4-bit latch holds BCD data at the decoder inputs. The decoder translates from BCD-to-seven-segment code. This code lights the proper segments on the seven-segment output display.
A wiring diagram for the complex encoder-decoder system is drawn in Fig. 7-10. The 7410, 7420, 7432, and 74121 ICs at the lower left make up the latch enable circuitry. This circuitry produces a short positive pulse to the 7475's enable inputs (pins 13 and 4) to "load" and then "latch" the data from the keyboard and encoder. This enable pulse might be called the keyboard strobe on a computer.
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Fig. 7-9 Simplified block diagram of latched encoder-decoder system.





Procedure:

In this lab you will wire and encoder – decoder circuit similar to the one you wired in Lab 16. Only in this lab you will add a Latch to the circuit to hold the output even after the switch has been released. 

1. Insert the 7410, 7420, 7432, 74121, 74147, 7475, and 7447 ICs into the mounting board. Locate the keyboard near the 74147 IC. Lo​cate the common-anode seven-segment LED display near the 7447IC.

2. Power OFF. Connect power (Vcc and GND) to the seven ICs. The 7475 IC has unusual power connections. Connect +5 V (Vcc) only to the anode of the seven-segment LED display.

3. Carefully wire the circuit in Fig. 7-10. Don't forget the 10kohm resistor and 250μF capacitor on the 74121 IC. Color coding of the wires is a great help in wiring complex circuits of this kind. The
output indicators are actually LED indicator-light assemblies.

4. Power ON. The unlatched inverted BCD indicators should all be lit (HHHH). The latched BCD indicators should all be OFF (LLLL). The seven-segment display should read decimal 0.

5. Press each of the decimal numbers on the keyboard and note the reaction of the three displays.
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Fig. 7-10 Wiring diagram for latched encoder-decoder system using TTL ICs and LED display.





6. Demonstrate the operation of the latched encoder-decoder system to your instructor. Be prepared to answer questions about the system. Have your instructor OK your circuit.

7. Answer the Lab Questions below before you take down the assembly.
8.. Power OFF. Take down the circuit and return all equipment to its proper place.

Lab Questions: 

Complete questions 1 to 13 on a separate sheet of paper. 
1.
Refer to Fig. 7-10 If the number 7 is pressed and not released on the keyboard, the outputs will read:

a.
Unlatched inverted BCD = 

b.
Latched BCD = 

c.
Decimal = 


2.
Refer to Fig. 7-10. If the number 7 is pressed and released on the keyboard, the outputs will read:

a.
Unlatched inverted BCD = 

b.
Latched BCD = 

c.
Decimal = 


3. Refer to Fig. 7-10. The 7410, 7420, and 7432 ICs are wired to form a 10-input
________(AND, NAND) gate.

4. Refer to Fig. 7-10. Pin 6 of the 7432 1C goes from 
 (H-to-L, L-to-H) when any key is pressed on the keyboard.

5.
Refer to Fig. 7-10. Input B to the 74121 one-shot multivibrator stays______(HIGH, LOW) as long as any key is pressed on the keyboard.

6.
Refer to Fig. 7-10. The long HIGH pulse at input B of the 74121 causes the multivibrator to output a 
 __________ (longer, short) positive pulse.

7.
Refer to Fig. 7-10. When the latch enable pulse is HIGH, the 7475 IC is in the
______________(data-enabled, data-latched) mode and the latch is said to be transparent.

8. Refer to Fig. 7-10. When the latch enable pulse goes LOW, the 7475 IC is in the_______________
(data-enabled, data-latched) mode.

9. Refer to Fig. 7-10. Why are the complementary Q outputs of the 7475 4-bit latch used instead of the normal Q outputs in this circuit?

10.
Refer to Fig. 7-10. If the number 0 is pressed and released on the keyboard, the following outputs will read:

a.
Unlatched inverted BCD = 

b.
Latched BCD = 


c.
Decimal = 


11.
The
IC is the temporary buffer memory in the system shown in Fig. 7-10.

12.
The latch IC in Fig. 7-10 actually contains
[number] flip-flops or latches of the
________(D, J-K) type.

13.
The keyboard strobe signal from a computer keyboard would be like the_______pulse on your encoder/decoder system in Fig. 7-10.
