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| nstructions:

- Write your name and number on each page of the exam.

- Consider the PIC 16F84 Microcontroller running from8 MHz crystal frequency.
- Use the free space after each assignment for your answer .

- Write your answer readablein English.

Question 1. [25%]
Objectives: Basic concepts of Embedded Systems.

[A]. Choose the correct answer:
1. Thebaud rateis,
(@). thetotal number of bitsthat can be transmitted.
(b). the bandwidth of the serial interface.
(c). thetotal number of bits per unit time that can be transmitted.
2. CISC processors normally have;
(@). alargenumber of general-purpose registers.
(b). variableinstruction length.
(c). many addressing modes.
3. Each PIC instruction cycle takes
(). 2 clock periods. (b). 4 clock periods. (c). single clock period.
4. The RISC architecture executes most instructionsin
(a). oneclock cycle.
(b). two clock cycles.
(c). three or more clock cycles.
5. The program counter of the PIC 16F84 is
(a@). 10-bit wide. (b). 12-bit wide. (¢). 14-bit wide.
6. ThePIC 16F84 programisstoredina
(a). flash RAM at address 00C4.
(b). flash RAM at address 000.
(c). flash ROM at address 000.
7. To make PortB an output port, you must load register TRISB with

(a). 804 (b). 004 (©). FF4
8. Torest the microcontroller if itisever alowed to overflow use
(@). reset (b). dSeep (c). wdt
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[B]. Embedded systems can be implemented either using single chip microcontrollers or
field programmable chips (such as FPGA or FPAA). List the differences between

the following:
Using Micr ocontroller Using Field Programmable Chip
1
2
Using FPGA Using FPAA
1
2

[C]. The Harvard structure gives some clear advantages over conventional von Neumann
structure. Can you think of any disadvantages? Show that with the help of diagrams?

Harvard Structure

von Neumann structure

Diagram

Advantage

Disadvantage
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Question 2: [25%]
Objectives: Basic concepts of Embedded Systems.

[A]. Three microcontrollers (A, B & C) have maximum clock speeds 10MHz, 20MHz,
24MHz respectively. Microcontroller A dividesits clock by 4 to give one machine
cycle, microcontroller B by 8, and microcontroller C by 12. Microcontrollers A &
C take 2 machine cycles to perform an instruction, while microcontroller B takes
three cycles.

Place the microcontrollers in order of the speed in which they can perform that
instruction?

[B]. If the INTCON register is set to A8, then
1. Determine which interrupts are enabled?

2. Aninterrupt occurs, and the INTCON register isfound to have changed to A9y,
which interrupt source has called?

3. Which bit must the designer change before the end of the ISR, and why?

[C]. A small embedded system has an 8-bit microcontroller requires aregular interrupt
every 128 ps.
1. Show how this requirement can be achieved to the best accuracy possible?

716|543 |2|1]|0

OPTION Reg

INTCON Reg

2. How should the requirement be met if the interrupt isto occur every 500 us?
7[6[5[4[3[2]1]0

OPTION Reg

INTCON Reg

TMRO Reg
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Question 3: [20%]
Objectives. Microcontroller Programming
A]. Consider this program: start EQU 0365
A e subl EQU o79F | PC Contents
1. Givethe size of sub1? start: instruction
call subl
instruction
2. List the changes (Full the table) in the -
contents of the program counter between subl: instruction 1
the time of execution of the instruction instruction 2
before the call and the instruction instruction 3
following the call? instruction 4
instruction 5
return

[B]. Consider the following delay subroutine:
1. Calculatethe delay it actually introduces,
taking into account the time taken by every
instruction?

2. What number should be loaded into delay
register to make the generated delay as close
as possible to 500us?

loop:

delay: moviw fa

mowvf delayreg
nop

nop

decfsz delayreg,1
goto loop
return

3. Modify the given delay subroutine to introduce atime delay of 10 ms?

[C]. Outline the procedures of installing a program in the PIC microcontroller during

your project design?
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Question 4: [30%]
Objectives. Hardware and Software Design of an Embedded System

[A]. The counter/timer of the microcontroller is used to measure the speed of an object
falling through a column of water. When the object passes an upper sensor the
controller starts the counter from zero. When it passes the lower sensor, it stops the
counter and reads its value. The microcontroller is clocked from a 1.024 MHz
crystal oscillator, and the counter is required to increment every 1 ms. How should
be the OPTION register be set?

[B]. You have been asked to design an embedded
system to regulate glucose levels in the body
of someone with diabetes by continuously
measuring the level of glucose and dispensing
doses of insulin  based on those
measurements. The chemical glucose sensor
generates 4-bit digital signal. The insulin
infusion pump is controlled by a PWM
signa. The syssem has ON/OFF switch, |
RESET switch, alarm speaker and LCD for |
blood glucose monitoring.

Show the general layout of the required system?

Give the detailed hardware design of each unit in your design?

Draw aflowchart to demonstrate the operation of such a system?

If the microcontroller has no enough input/output lines, show how you can

interface the LCD serially?

PONPE
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= 14-Bil Opcode Staty ————™
';"m:::’ | Deseription Cycles * | Motes [=1 % E
pes ! MSh Lsp | Aflectsd v w EE £
& = o
BYTE-ORIENTED FILE REGISTER OPERATIONS rﬂ E E ';6
L [+
ADDWF f,d | AddWand! i oo 0111 atfe teee] COGZ | 1.2 3® = SEs
ANDWF Ld | AWD W with 1 1 B 0101 dfff fffE| 2 12
CLAF f Cloar f i o 0001 LEFE FELE z ] g
CLAW - (Clear W 1 Gl 0001 Oxmx wxxx z E
COMF f,d | Complement f i op 1001 Arfe feee| 2 12 =
DECF t.d | Decramantf 1 B 0011 dfff fEfE|  Z 12 z
DECFEE  4d  Decremantd, Skip ifo 14 | o0 1011 arre rree 123 o
INCF ,d | Incremeant | 1 B 1010 dfff ffff| 2 12 oz
INGFSZ f,d | Incrementd, Skipi 0 142 | 00 1111 afff feee 123 3‘
KIRWF d | Inclusive OF W with | 1 B 0100 dEff EfFE| 2 12 o
WOVF fd iHl,‘ch 1 o 1000 Arrr fLCr F 1,2 =
MOVWF | Move Wiet 1 00 0000 LEEE £EEE <
wOP - | Mo Operation 1 B0 0004 Oxx0 0000 - = P
ALF f,d | Foiale Lefifthrough Cemy 1 B 1101 dfff fEEE| O 12 |
ARE f.d | Rotate Right fshrough Garry 1 00 1100 arrt ftree| G 12 =
SUBWF f,d | Subirect W irom i 1 00 0010 AEff £EEf| GOCZ | 1.2 = =
SWAPF f,d | Swap nibblesinf 1 00 1110 AEFE EEEF 12 g3 @
KORWF f,d | Exclusive CF Wwith | | 00 0110 AEff fEEE| 2 12 E L
E D e )
BiT-ORIENTED FILE REGISTER OPERATIONS Sa ey
od
BCF LB Bit Clear 1 Bl 10 bitft ffft 1.2 o gz
BSF i,o | BiSeid 1 0l Olbk bEFE EEEE 12 ]
HTFSE f,b | Bit Test{, Skip # Clear 142 | 01 10ks BEEE PEEE 3 !
BTFSS f,b | Bil Testl, Skip il Sai 142) | 01 1ibb bEFE FEEE 3 /,——\
LITERAL AND CONTACL OPERATIONS = -
ADDLW k| Add ltral and W i 11 111x kkkk kkkk| COCZ |
ANDLW K | AND Weral with W 1 11 1601 kkkk kkk:| 2 -
CALL k Call subrouing 2 1o Ikkk Kxkk kKhkk o E
CLAWDT - | Cloar Walchdag Timer 1 By 0000 o0ito oiod| TOFD w
GOTO k Go o addross 2 1n 1kkE KEKE kkKE L — -l’.ol'J
KIRLW K| Inclushee R Ieral with W 1 11 1000 kkkk kkki| 2 X F
ML k Move Reral o'W 1 11 I0xx KEKE KHEER (=]
RETFIE - | Retum from intarrupt 2 | oo o800 oooo 100t =
RETLW k | Beturm wilth Becal in W 2 11 01xx Kkkk kKkkk E
RETURM - + Figtusm from Submoidine 2 GO 0000 oopo iod|
SLEEP - ',Enirﬂns.undb]rmn-de 1 [HE 2000 0110 DOLL TOFD
SUBLW k| Subfract W from iieral 1 11 120x kkkk kkkk | GOGZ
KORLW k| Exclusive OR Beral wilh W i 11 1010 kkkk kikk| Z
. U
AA2 18 RA1
] [le> GIE [EEIE (TOIE INTE [RBIE| TOIF|INTF|RBIF| [NTCON
RA3 4[] [l RA0
RAS 4 CLKIN
0 e IRP [RP1(RPO | TO |PD | Z |DC |C | STATUS
MCLR —»[] PIC [} cLxout
16FB4
Vss ﬂD Dd— Vdd
Ae +-»[] e o7 RBPU| INTES| TocS |TOSE| psa | PS2| Pst | pso| OFTION
A1 <] [Je»> RBs
RE2 <[] [le» RBs
RB3 <[] 9 10 [Je> RB4
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