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Part 1. PICI6F877 Assembly Language Programming

1. MPASM Assembly Language (10 points)
In the PIC16F877 assembly language program below, fill in the missing code that branches to a program location labeled
“my_reg_less_than_or_equal_45" if the contents of RAM (register file) location “my reg” is less than or equal to the constant

value 0x45 in an unsigned sense, and otherwise continues on to the next instruction at location “my_reg_greater_than_45".
=

list p=16F877A
#include “pl16f877A.inc”
radix  dec
test_val EQU  0x85  ;Change this test value to each of the following values and re-run:
: Oxff, Ox44, 0x45, and Ox46
CBLOCK 0x20

my_reg
ENDC
org 0
goto  start
org 5
start banksel test_val
movlw  test_val :Move test value (test_val) into my_reg
movwf my_reg
movf my_reg,w ;put my_reg in w (this instruction may be left out, as w already holds test value)

sublw  0Ox45 ; Evalute 0x45 — test_val = - T = ~ <
:Insert the missing code HERE! ’? C=Bowrows = © =1 (€ desTyal < 0x95

R LY r}
X _ = C Pl
ptfss (TRTURA ;e o of et fey T €T

my_reg _greater_than_45

golo my_reg_preater_thand3 :Loop here if my_reg is greater than Ox45 in an unsigned sense
my_reg_less_than_or_equal_45
goto my_reg_less_than or equal 45 :Loop here if my reg is less than or equal to 0x45 in an junsigned
SCTISE

end
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2. MPASM Assembly Language Program (27 points, 3 pis per blank)
Assuming a 13.500 MHz crystal oscillator, fill in the blanks in the MPASM program below that uses TIMER O with interrupts
disabled to implement a *Poor Man's A/D converter” to sense the value of a variable resistor, as discussed in class. Assume
you are using Pin RBO, with a 0.22 microfarad capacitor connected between RBO and ground, and a resistive temperature
transducer that varies between 1 kilohms and 18.454 kilohms connected between RBO and the Vdd = 5.0 V dc power supply.
Assume that the logic 1 threshold of RB0 is 2.25 V. Your program should first discharge the capacitor to 0 V, allowing 2.0 ms
for the capacitor to be completely discharged before it is allowed to begin charging toward 5.0 V, past the 2.25 V logic 1
threshold. This program should place a value in a RAM location labeled RESULT. This value should = 0xF¥ when the
transducer resistance is at its maximum value of 18.454 kilohms, and this number should decrease as the transducer resistance
decreases. Hint: Recall the RC first-order circuit formula discussed in class: Ve(t) = VI — (VI = Vi)exp( — /(RC))

JprkEx PICIOFRTT7 MPASM Test 2 Problem 2###kkek*
;  POOR MAN'S A/D CONVERTER
; Senses resistance value connected between RB0 and Vdd =5V with a 0.22 UF capacitor connected
; between RBO and ground. Assume that the RBO logic high threshold =225 V.
; RESULT = OxFF for R = 18.454 kilohms (RESULT value decreases as R is decreased from this value.)
sk et sk ok ok ok ok o .
list p=16F877A
#include "p 61877 Ainc”

radix  dec smake default numbers decimal values

org 0 ;Reset vector is at prog loc 0x00.

goto startpgm ;Skip over INT vector at prog loc 0x04.

CBLOCK 0x20 ;Reserve register file locations, starting at location 0x20
RESULT ;Converted Result goes here

ENDC

org 0x03 ;Start assembling program at location 5 in program space.
startpgm

banksel OPTION_REG . i
moV O©x g1 (BLANK ) ‘; scalo busg 32 %‘ﬁf = (-%,556332 = .48{us
: ALSO TURN OFF PRTB put-ugsd /

:NOTE IN BLANK 1 YOU WILL HAVE T’ CONSIDER CAREFULLY HOW EACH BIT OF THE
:OPTION_REG MUST BE SET TO PERMIT THE DESIRED OPERATION OF THE CIRCUIT. YOU
:MUST FIRST CALCULATE THE CAPACITOR’S CHARGING TIME WHEN THE TRANSDUCER
; RESISTANCE IS AT ITS MAXIMUM VALUE OF 18.454 KILOHMS. FROM THIS YOU CAN
:DECIDE THE PROPER PRESCALING RATIO TO YIELD RESULT = OxFF, ASSUMING
:A 13,50 MHZ CRYSTAL FREQUENCY.

movwf OPTION_REG
doitagain
banksel PORTB
cLRF  PeATB (BLANK -

L

banksel TRISB

viw 6 (BLANK ) 3 lowee ABE (Shart sut cq?)
movwl TRISB 7/ A e s
banksel TMRO S S — s a3 sl
reoviw 256 ~ il (BLANK4) Trcrdma © q4HGlas * ’
movwf TMRO iSchedule Timer0 to time out in g ms ’
beb INTCON 7), (BLANK 5) § cleax Tox g (3(&5
wl g gms

goto  wtAMS
banksel TRISB .
bs€ TRISB, 625 (BLANK 7) j Make RBgZ Elocct
bankse] PORTB ;thereby allowing capacitor to begin charging
clrf TMRO

wtRBOhigh

b ss INTCONyunk o) ; wait heve For TMRE 2o overflod




B{FSS- POR_B7¢(BLANK 8) s \Wait f‘“—u U-T\"‘IA Cc\ d'“""?f"” (l_‘ou\:‘i
goto WFT:RBOhngS g , 5 Loglc ! thetthad - 2.23V
movE TMRP, (BLANK9) ¢ ek corult N .
movwf RESULT G (TR valia) inte™ W teq. cfag_
goto doitagain

end

3. Poor Man’s A/D Analysis 8 points, 2 points per question)
In the program of Problem 2 above, RESULT = OxFF => the transducer resistance was at its maximum value of 18.454
kilohms.

b
What value of cr’esistance corresponds to RESULT = 0x807 923K (Show your calculations below.)
. L ""Bo . -
-j_’x= 123 %(H/E'B_gEG)%p: [e2if s

2.25 = 5 - (so) e HRC _ s_se

by SVHTS
T o) > @= 1.93k2

What value of reslstagce corresponds to RESULT = 0x20? 1.3 ] k (Show your calculations below)
Yu= 32 % (MN2.5€6) %32 = 0,303 ms
_ _ - 3 © 3t
?A.Qb - b —_ 5 E RCC"\‘?}J\ > R“ Q,;l k_)"‘?"_

Explain what practical problem arises with this circuit if the transducer resistance is allowed to go below about 333 ohms.

The REP pir hao de sink > stvL [:hﬂ Rg i
. J ® t

and TN ﬁ?fcee&ﬁ_ HLGL sutsat cupcent <P . bwﬁ\ ot
Explain why the MSB (Bit #7) of the AN REG must be set to | if this appllcatlon is to work properly (Y ounmay have to
g0 back and modify BLANK 1 above if you did not catch this earlier!) W\'ﬁ—‘”

TE Ms8 of OPPIBN. REGC = RBPU = ,\f.kll —up vRJisfers ave e
WS ha cdn ;_:'f:u;fgﬁ wodh Ehe eefernat v up vesisrfor Luv\gb, NWEOLS

Tiaus f{,\q o u.J-\-CegL e rtauncre. ubc. oL h.& i Qvvoi \

4. PICCLITE C Language Program 33 points, 3 points per blank)
Fill in the 11 blanks in the PICCLITE C program below that plays music in a format that is much more convenient to enter
from a musical score than the format of Example 2 on p. 17 of the MPLAB PICC Tutorial that was distributed in class. In this
example, the TONE array is loaded with values N = 0 — 23 which represent two octaves of the musical scale: Al, Bbl, Bi, C1,
Dbl, DI, Ebl, E1, F1, F#l1, G1, Abl, A2, Bb2 B2, C2, Db2, D2, Eb2, E2, F2, F#2, G2, Ab2. Furthermore, let the value N =
24 correspond to the special case of stlence (a musical rest). Let Al correspond to 220 Hz, then A2 must correspond to 440
Hz, one octave above Al. Since the Western musical scale varies in 12 logarithmically-spaced steps between octaves, the
frequency of each note in this scale is given by

f=220e2"" Hertz, where N = the note number (0 - 23)

Likewise, let the DURATION array be loaded with values that range from 1 up to 16. Let “1” represent the shortest possible
note duration, let’s call it a 16™ note, then “2” represents a note that is twice as long (an 8" note), “4” represents a note that is
4 tumes as long (a quarter note), “8” represents a half note, and “16” represents a whole note. Note that with this scheme, a
dotted 8" note, which is 1.5 times the length of a regular 8 note, would be represented by “3”, and a dotted quarter note
would be represented by “6”, etc.

// PIC16F877 - Test 2 Music Playing Program

#include <pic.h>

#define SONGSIZE 10 //There are 10 notes in this song
void interrupt music_isr();

void music_init();



char getnoteflag, noteptr, note_number;

long int dur_nr_half_cycles;

long int SIXTEENTHNOTE = 337500; // SIXTEENTHNOTE = nr of timer licks for 0.2 sec sixteenth note
int tone_val, dur_counter;

const char duration[SONGSIZE]={2,2,3,1, 1, 1, 2, 2.3, 4}; /{This is the RHIT fight song,

const char  tone[SONGSIZE]l= {6,7,8,10,11,13,15,13, 11,24}, /" Dear Old Rose!"

comst int tone._table[25]={ 7670, 7240, 6834, @950 6088, 5746, 5424,  //+**BLANK 1
5119, 4832, 4560, 4305, 4063, 3835, 3620,
3417, 3225, 3044, 2873, 2742, 2560, 2416, J/E+*+BLANK 2
2280, 2152, 2032, 1918};

void main{void)

{

music_init();

for(;;);
)
void music_init()
{ getnoteflag = 1; /I Set getnoteflag = 1, so first interrupt will fetch note
{I from tone[ ] and duration[ ] arrays.
noteptr = 0; /f Make noteptr to point to first note in tone[ ] and duration] |.
dur_counter = 0; // Clear Duration Counter, which counts nr. of half cycles a note is played.
TICKPS1 =0;
TICKPSO =1, // tick_period = (4/13.5E6)*2 = 0.592 us
TMRION =1, /l Start TMR 1
TMRICS =0, /I TMR1 clock source set to internal clock (Fosc/4).
RBO =0,
TRISB = OxFE; // Make RBO an output
TMRIIE = |; // Enable TMR1 interrupts
PEIE=1; // Enable peripheral interrupts
GIE=1; // Globally enable interrupts
TMRION =0 {// Turn off Timer 1
TMRIH = Oxff;
TMRIL =0;
TMRION = [; f/Schedule the first interrupt in 256 ticks and turn on TMR 1
TMRIIF =0, /{Clear TMR1 Flag (shut the baby up!)

}

// This interrupt routine is entered every time TMR 1 overflows, which should be every half of a note cycle.
void interrupt music_isr( )
{ int sched_val;
if(getnoteflag == 1}
{
getnoteflag = 0;
note_number = Fone Lr\f’ﬁffa /fLook up the number of the next note ***BLANK 3
if(note_number > 24) note_number = 24;  // If an invalid note number (> 24) is entered,
/f make it a rest = 24.
tone_val = ‘lbv'\t’ii‘ﬁbl& pnete. n“'f‘mj /f tone_val = nr of ticks in half cycle of note **BLANK 4
dur_nr_half cycles = duedtnLnotepte] *(SIXTEENTHNOTE / _2one —va § )
J/F*BLANKS 5-0
// THIS EXPRESSION MUST INVOLVE the constant
/I “SIXTEENTHNOTE", which sets the speed at which
//the musical composition is played. Note ‘dur_nr_cycles”
/I is the number of cycles in the note.
dur_counter = 0; // Reset duration counter
noteptr++; // Increment noteptr.
if(noteptr > SONGSIZE) mﬂg‘l‘r = ©; //If song complete, wrap back to beginning. ** BLANK 7




else
{ |
if (note_number < 24) RB% = e ﬁéﬂ // Toggle RBO output pin  ***BLANK 8
dur_counter++; /f increment dugation counter
if(- o dur Counter = elur-nr-halg cxdgﬁnotcﬂag =1; //**BLANK 9
// Set getnoteflag = 1 if at the end of the note
}
TMRION =0; JfTurn off Timer 1
sched_val = G55 3¢ —tone—vel . [Poee*BLANK 10
TMRIL = sched_val & OxFF; //Schedule next half-cycle interrupt
TMRIH = sched_val >> 8;
TMRION = 1; /fTurn Timer 1 back on
IMRIIF= O //Relax the Timer 1 interrupt flag (shut the baby up.)

/% BLANK 11
}
6. LCD Multiplexing (22 points)
a. A custom LCD display for a new product has 500 segments that must be individually controlled (turned on or
off). If we choose to use ¥4 multiplexing on this display, implying 4 backplane signals are needed, what is the
total number of wires (backplane wires plus frontplane wires) that must be connected to this display?

(S &} .
Total # Wires =129 B == Hels =129
<2 -
b. Repeat Part A for 1/8 multiplexing. Total # Wires = ‘7' 8 + 5———%- = 3“"’,61;3 =
c. Repeat Part A for 1/16 multiplexing.  Total # Wires = H$ |6+ .'92‘:’ = |G+ 1,25~ 4

d. For the case of 1/6 LCD multiplexing, there are 6 backplane signals, BP1, BP2, BP3, BP4, BPS, and BP6. s
Assume that Vce =5 V, so the waveform voltage levels are 5 'V, 3.333 V, 1.666 V, and 0 V. Sketch one frame of
each of the six backplane signals.

5 o
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e. Sketch one frame of a single frontplane signal, FP1, where the segments that pass over BP2, BP4, and BP6 are to
be ON, while the remaining three segments are to be OFF.




f.  Sketch one frame of the voltage waveform Vsegl 1, which represents the voltage across the “turned off” segment
that lies between FP1 and BP1. (Vsegll =FP1 voltage — BP1 voltage) . Use the FP1 vollage waveform from
Part e above.

o —gbv - =1

g.  Sketch one frame of the voltage across the “turned on™ segment that lies between FP1 and BP2, Vsegl2.
(Vsegl§_= FP1 voltage — BP2 voltage) . Use the FP1 voltage waveform from Part e above
V — — —_— — —-— -— —_— -

te/3v—- - ~-- {- - ——- -~ - —-
5/3V - —1- - I - —p—
Vg oV -+ + ‘ —_—
X  —5/3V 3 ) NN DI BERY VS S
/3\/0 T
— |0 - — —]- - i - =
__.s’v - - - - —_ —— et o — ——

h.  For the case of 1/6 LCD multiplexing, find the RMS value of the Vsegl1 waveform, which corresponds to the
waveform of a tumed_m:segment. and also the RMS value of the Vsegl2 voltage waveform, which corresponds
toa turned___ segment. Hint: Recall that in the class notes, it was shown (in Figure 7.21) that for the case of ¥
multiplexing, the RMS voltage across a segment that is ON is Vrmson = 2,899 V,rmns; and the RMS voltage
across a segment that is OFF is Vrmsoff = 1.67 V, rms. Show your calculations in the space below.

T / |
) =2 . |.GYV,
VS — /\: 2 . — W*;__ ‘t )\-mJ
( e'zu)RM = /T Seg (£ T 'q
[

G

A(vse‘?u?) =

RMS

oN
(%

L1(r0) =
2] 2TE)+¢ T(25)—2.5m,

RMS value of Vsegll=__ 1+@7 V.,rms RMS value of Vseg = 2.54 V,rms

F. Based upon comparing the results for 4 and 1/6 multiplexing,
(1) Which multiplexing method requires fewer connections? G

{(2) Which multiplexing method yields higher contrast? (Greater variation in RMS on and off values) i/ 4
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6 SCR Crowbar Protection Circuif (5 points)

Recalculate the two resistor values in the SCR Crowbar circuit on p. 16-7¢ of the course notes that will cause the fuse to blow
when the power supply voltage rises above 10 V.,

SCR Tuvar ON how Vps T 10V

. . Rz
e ~ (105
Let & =jo03t

7 Stepping Motor (5 points)
Referring to the stepping motor circuit diagram on page 6-19 of the course notes, imagine that the two bottom rows of 7406
hex inverters are removed, leaving us with just one row of Z2N6427 power Darlington transistors. Then imagine that a PIC
microcontrolier has RB3 connected to the base of the left-most power Darlington, RB2 to the next one, RB1 to the next, and
finally RBO to the right-most power Darlington.

a. List the sequence of eight 4-bit numbers that would have to be output on the low 4 bits of PORTB in order to
make the magnetic field vector developed by the stepping motor spin CW, with & steps per revelution (45
degrees per step). Let your first number correspond to the magnetic field pointing directly up.

ool  pol! oolo oll0 ol  lleo (oo (ool

b. Assuming a']—pole permanent magnet rotor, determine the number of steps per revolution of the shaft using the 8-
value sequence of Part A. Do this by drawing, in the space provided below, the'?'—pole rotor {showing only the
north poles) with one of the'f poles aligned with the initial B ficld. Then when the B field steps 45 degrees to its
next position, determine which north pole is closest to the new position of the B field, and hence is pulled into
alignment. Determine the angle through which it rotates, and determine its direction (CW or CCW),

c.  What is the best name for the four 1N4001 power diodes in this stepping motor circuit? {circle one)
1. kransient voltage suppression diodes 2. turn-on speedup diodes 3. turn-off speedup diodes
. load current limiter diodes

d. What is the best name for the gurpose of the 22-ohm resistor in this stepping motor circuit? (circle one)
1. turn-on speedup resistor @tum-off speedup resistor 3. load current limiter
4. voltage transient suppression resistor



