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ECE331 Class Quiz #1    3 points maximum  (Lecture 11 Microcontroller Interfacing)
Name: _______________________________________    CM Box: ___________

1) Recall that in Lecture 11 Slide #12, for the case of 1:4 multiplexing discussed in class, the BOTTOM-MOST  front plane voltage waveform “(f)” corresponds to Segment 1, 2, and 3 ON and Segment 4 off.  Let us call this waveform “FPi(f)”
a) Sketch 1 period (from t = 0..T) of the voltage waveform that exists across Segment 1.  This is the segment that is driven by this FPi(f) waveform and the Backplane 1 waveform.  Next, sketch 1 period of the voltage waveform that exists across Segment 4.


Vseg1 =  (BP1 – FPi(f)), the voltage across Segment 1 of FPi (f)

[image: image1] 

       Vseg4 =  (BP4 – Fpi(f)), the voltage across Segment 4 of FPi (f)

[image: image2]
b) Find the RMS voltage of the Segment 1 and Segment 4 waveforms obtained in Part (a), assuming that Vcc = 5.0 Volts.  Show your calculations clearly in the space below.



























Vseg1 = _________ V,rms








Vseg4 = _________ V,rms


c) From the LCD contrast plot presented on an earlier slide, an LCD segment is ON (dark) if its periodic segment voltage is greater than ______ V,rms.  Likewise a segment is OFF (light) if periodic segment voltage is less than ________ V. rms.  

d) Indicate the state of Segment 1 and Segment 4 (ON or OFF) based upon your answers to Parts (b) and (c) above.
. 







Segment 1 state _______








Segment 4 state _______

e) An LCD display has 416 segments.  How many connections (FP and BP) need be made to the LCD display if no multiplexing (1:1 multiplexing is used)? _________________


How many connections (FP and BP) need be made to the LCD display if 1:4 multiplexing is used?                                                                                      









_________________

How many connections (FP and BP) need be made to the LCD display if 1:6 multiplexing is used?








_________________

2) Now consider a 1:6 multiplexed display (with 6 backplane signals).  The backplane voltage waveforms will still take on the same 4 discrete voltage values as before, and they follow in the same pattern as before.  
a) Sketch one period (from t = 0..T) of the BP3 signal and the BP6 backplane voltage waveform below.  Also sketch one period of the FPi signal that turns ON the segments over BP1, BP3, and BP5 and turns OFF the segments over BP2, BP4, and BP6.
              BP3

[image: image3]
             BP6

[image: image4]
          FPi (This waveform should turn ON Segments 1,3,5 and turn OFF Segments 2,4,6)

[image: image5]
b) Sketch one period of the electrode voltage across segments 3 and 6.
  (BP3 – Fpi)  Segment 3 periodic voltage waveform

[image: image6]
       (BP6 – Fpi)  Segment 6 periodic voltage waveform

[image: image7]
c) Calculate the RMS values of these two segment waveforms in the space below.
















Vrms_Seg3 = __________ V,rms








Vrms_Seg6 = __________ V,rms
d) Though the number of wires are fewer for 1:6 multiplexing (as compared to 1:4 multiplexing), explain why the contrast (darkness) of the turned ON segment is lower (refer to the LCD contrast curve shown on Slide #2.)






3) For a normally open SPST microswitch to exhibit the (often desirable) property of mechanical hysteresis means that:

As force on the open switch lever steadily increases, the switch suddenly closes at force F1, but then when force on the closed switch lever decreases, the switch suddenly opens at force F2, where   
                                   (a) F1 > F2   (b) F1 < F2    (c) F1 = F2   (d) F1 = F2 = 0

This property is desirable in applications where a clean and reliable switch closure is needed as a force slowly increases past a specific threshold, and the force is:
  
(a) changing fast   

(b) shaky (jittery --- not smoothly increasing)    
(c) very high   

(d) very low

4) Show how to interconnect an SPDT switch (like the one on Slide #22) with two NAND gates and two resistors to generate a debounced switch output signal labeled “OUT”.  Hint: Recall that two NAND gates can be “cross-coupled” to form an SR latch with active low S and R inputs.  Repeat using two invert gates, and an SPDT switch (resistor are not needed now).

 NAND Gate SPDT Switch Debounce Circuit          Invert Gate Switch Debounce Circuit



















5) Assume that R1 = 100 kΩ and C1 = 10 µF in the SPST switch debouncing circuit of Slide #24.  Calculate the maximum allowable time between switch bounces as SW1 is depressed for the output “OUT” to remain high (and not bounce).  Hint: recall the formula for the voltage across a capacitor in an RC circuit is: Vc(t) = Vf – (Vf-Vi)exp(-t/(RC)).  Also recall that the input impedance of a CMOS gate such as the 74HC14 is much, much higher than 100 kΩ.














                                                                                                  Tbounce_max = __________

6) Consider the following dc input specifications for the 74HCxx family of logic gates:

     IIH(max) = 10-6 A        IIL(max) = 10-6 A       VIH(min) = 3.15 V   VIL(max) = 1.35 V

a) Consider an SPST switch connected to the input of a 74HCxx gate between the gate input and ground, and a pullup resistor “Rpullup” connected between the gate input and Vcc = +5V.


i) Calculate the maximum permissible value of Rpullup. 


                                                                                        Rpullupmax = ___________



ii) Calculate the dc power consumed in Rpullup (assuming the value calculated above) when the switch is closed.

            






PLOW = ___________


iii) Calculate the dc power consumed in Rpullup when the switch is open.









PHIGH = __________



b) Consider an SPST switch connected to the input a 74HCxx gate between the gate input and Vcc = 5V, and a pulldown resistor “Rpulldown” connected between the gate input and ground.

i) Calculate the maximum permissible value of Rpulldown.









Rpulldownmax = __________


ii) Calculate the dc power consumed in Rpulldown (assuming the value calculated above) when the switch is closed.

            






PHIGH = ___________


iii) Calculate the dc power consumed in Rpullup when the switch is open.










PLOW = ___________


c) Which configuration (switch in pulldown path or switch in the pullup path has the slight advantage?






__________________

7) Will the magnetic reed switch of Slide #27 be most sensitive to a magnetic flux lines flowing
                     (a) left to right     (b) up – down     (c) out of paper – into paper


8) Consider the X-Y matrix keypad of Slide #30 which uses dedicated input and output ports.


a) The diodes in the are used to protect the output port in the event of 2 keys in the same _?_ being pressed simultaneously.

                     (a) row    (b) column   (c) row or column

b) How many I/O pins would be required to scan a 25 key keypad?  ______________

c) Instead of continuously scanning this keypad to see if a key is depressed, the software might write %_____________ to the output port and then wait for some value other than an %_____________ to be read from the input port, indicating that a key has been depressed.  However, once a key depression is detected, the scanning procedure described on this slide would have to be initiated to learn the identity of the depressed key.  Assume that the MSB of both input and output ports are AT THE TOP of the respective port, that if the key in the 3rd column from the left and the 6th row from the top is depressed, then what binary scan code written to the output port will cause something other than $FF to read from the input port?  %________________.  What binary value will be read from the input port when this occurs?  %_______________


d) If the eight 10 kΩ pullup resistors are omitted in this circuit, while will the keyboard scanning circuit fail to work properly?
   (a) input lines may not read correctly   (b) two key rollover detection will fail

         ( c) the diodes will short out                 (d) the voltages at the output pins may be wrong
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