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Tutorial 5
ROM Reading

Part     1  : Initialization and Control

Indications:
• The  push-button  is  released  when  the

power supply is switched on.
• Push-button released → R = 0.
• Push-button pressed → R = 1.
• The threshold voltage is Vcc / 2.
• The A logical state interpreted by the OR

gate  is  1  when  U2 is  greater  than  the
threshold voltage and 0 when U2 is lower
than the threshold voltage.

Timing diagram of the voltage across the capacitor:

1. Draw the voltage timing diagram of U2 and the logic timing diagram of A.
2. Write down the value of S for the transient state (at the time of power-up) and the steady state (ap-

proximately 10 ms after power-up).
3. Assuming that the initial state of IC0 is 0, what is the initial state of IC1?
4. Assuming that the circuit has reached the steady state, that R = S = 0 and that IC1 = 1, how can IC1

be set to 0?
5. Assuming that the circuit has reached the steady state, that R = S = 0 and that IC1 = 0, how can IC1

be set to 1?
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Part     2  : The Counters
The purpose of this part is to design two counters: an 11-bit binary counter and a 4-bit modulo-10 counter
labeled C1 and C2 respectively. The 74HCT193 and 74HCT192 devices should be used to build these
two counters (see datasheet). The outputs of C1 and C2 are labeled Q10:0 and Q’3:0 respectively. The
clock signals of C1 and C2 are labeled CK1 and CK2 respectively.
6. How many 74HCT193 are necessary to build C1?
7. Find out the other ways of naming the inputs C3, 2+, 1- and R. Give the function of each input and

output of the chip.
8. Draw a circuit diagram for  C1, assuming that it continuously cycles through the natural binary se-

quence.
9. Using the circuit investigated in part 1, wire the 74HCT193 counters shown on the answer sheet in

order to meet the following conditions:
• The outputs of C1 should be set to 0 when the power supply is switched on.
• C1 should start counting after a press of the push-button.
• C1 should stop counting once it has returned to zero.

10. Wire the 74HCT192 on the answer sheet so that C2 counts only when C1 counts. When C2 does not
count, its outputs should be 0. Apart from the modulo, the 74HCT193 and 74HCT192 counters are
similar.

Part     3  : Reading the ROM
After a press of the push-button, all the addresses of the ROM (M2716) should be read; that is to say all
the data stored in the ROM should be placed successively on its data bus.
11. Using the M2716 datasheet, wire each input of the ROM shown on the answer sheet.

Part     4  : Serial Transmission
The purpose of this part is to transfer the contents of the ROM through an RS-232 serial link.
Bitstream pattern:
• Start bit value: 0
• Number of data bits: 8
• Stop or idle bit value: 1
• Transmission rate: 9,600 baud

Bitstream example:
D = 011010012

The MM74C150 multiplexer (see datasheet) should be used to perform the parallel-to-serial conversion.
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12. What should be placed on the output of the multiplexer?
13. How many input data lines of the multiplexer are required?
14. Assuming that A = B = C = D = 0 when no data is being transmitted, wire the input data lines of the

multiplexer shown on the answer sheet in order to generate a proper bitstream.
15. The multiplexer should be controlled by the outputs of C2. Complete the wiring of the multiplexer.
16. What is the operating frequency of CK2?

The byte being transmitted should remain on the ROM data bus until all of its bits are transmitted. Once
the whole byte has been transmitted, the next byte can then be placed on the data bus.
17. Which pin should CK1 be connected to?
18. How long will the transmission of the whole memory last?

In order to reduce the number of silicon chips, all the gates and latches of this circuit will be replaced by
NOR gates.
19. Draw the new circuit diagram.
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