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. PIC 18FXXXX 

. . . . I Microcontroller Architecture 
Q.1 Compare the different families of PIC microcontroller 

� [S,PPU: In Sem: Aug.-16, ?iarks 5] 
Ans. : Comparison of PIC families : The PIC microcontroller series has 

Harvard ·architecture and supports for RISC instruction set rather than 

CISC. It is single chip microcontrollet developed by microchip and 

specifically used · in embedded system development Most of the 

instructions us�d in PIC are either 2 or 4 bytes instead of 1 and 

3 bytes. 

The variation and comparison of various family members of PIC 
according to number of bits, manufactures and supporting components 
as RAM, ROM� ADC channels, ports is given in Table Q.1.1 and 

Q.1.2. 

Table Q.1.1 : Comparison of PIC 16 & 17 Family 

(4-1) 
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Table Q.1.2: Comparison of PIC18FXXX 

Q.2 Draw and explairi architecture of PIC 18FXXXX. 

ll<i" [SPPU: Dec-17, Marks 8, May-16, 15, 14, Marks 8) 

Ans. : It is CMOS flash-based 8-bit microcontroller developed by 
Microchip's and packed into 40 or 44-pin package and i.� upwards 
compatible with the PIC16C5X, PIC12CXXX, PIC16CXX and 
PIC l 7CXX with higher levels of hardware integration. It is high
performance, enhanced flash microcontrollers with CAN .. It uses 

· Harvard architectlire with RISC instruction �et architecture. The 
PIC l 8F4520 features a 'C' . compiler friendly development 
environment, 256 bytes of EEPROM, self-programming, art ICD, 2 
capture/compare/PWM functions, 8 channels of 10-bit Analog-to
Digital (AID) converter, the synchronous s�rial port can be configured 
as either 3-wire Serial Peripheral Interface (SPI) or the 2-wire Inter
Integrated Circuit (r2C) bus and Addressable Universal Asynchronous 
Receiver Transmitter (A USART). 
All of these features make it ideal for manufacturing e>1uipment, 
instrumentation and monitoring, data acquisition, power conditioning, 
environmental monitoring, tel,ecom and consumer audio/video 
applications. It also supports for pipelining functionality with 
increased . speed of operation. .It has powerful instruction set with 
limited addressing modes ? It works on the clock ranging from DC to 
40 MHz and requires only one cycles to execute the instructions .. 

. :.:·:::: .. :_,:::' A Guide/or F!!!(hweri11g Students 
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The generalized block diagram of each PIC microcontrollers are 
designed using the Harvard architecture as shown in Fig. Q.2.1 which 
includes: 

o Microprocessor unit (MPU) -- Accumulator along with general 
purpose register and file select registers 

o Program memory for instructions - ROM 
o Data memory for data-- RAM 
o I/O ports -- A, B, C, D, E 
o ·Support devices such as timers/counters, ADC, USART etc. 

Fig. Q.2.1 : General architec;ture of PIC 18FXXXX 

A. Microprocessor uriit (MPU) : It consists of working register 
(W) - 8 bit long, along with the status register. Instruction 
decoder to perform the operaticn on data and speed up the 
operation. In all PIC has 15 banks and accessed by use of Bank 

� A Guide/or E11gi11eeri11g Students 
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Sele�t Register (BSR). Data can be stored in the file register or 
working register. The control unit synchronizes the operation 
of ALU while 21 bit program counter is used to access the 
2 Mbytes of ROM. 

B. Program memory for instructions : 21 bit PC is used to 
access the program ROM and stores the 16 bits of the 
instructions. In general instructions used by PIC l:l.re of 2 or 
4 bytes long. 

C. Data memory
. 

for data : The ma�hine code for a PIC 18 
instruction has only · 8 bits for a data memory address which 
needs 12 bits. The Bank Select Register (BSR) supplies the 
other 4 b.its. The total data memory is organized into 15 banks 
with each of 256 bytes storage capacity. Upper 128 bytes of 
bank 15 and lower 128 bytes of bank 0, are used as access 
banks irrespective of bank selection. Data memory can be 
addressed directly or indirectly. 

D. 1/0 ports : 33 I/O lines amongst 5 ports: are used for 
communication with outside environment. These ports are 
A (6 - Bits), B, C and D (8 - Bits), E (3 - bits), they have direct 
locati.ons in the memory as SFRS. 

E. Support devices such as timers : Has four timers and PWM 
mode working on 8 or 16 bit and used for the application as 
delay generation. 

F. Support for serial communication: It has the USART port to 
receive and communicate the data serially. It is also supported 
by many other devices as 10 bit ADC, CCP modes and so on. 

The ALU plays important role in functionii:ig of PIC, according to 
Fig. Q.2.1,. The data from file register available in ROM is added with 
working register and may be stored in file or W register. The ;device 
can be reset by internal or external interrupt generated due to low 
voltage, in-sufficient clock, Power on reset circuit not providing 

� A Guide for Engineering St11dents 
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required delay or due to watch dog timers. The instruction register 
provk� the code to fetch the data from data memory or file register. 
The . PLL ci�cuit provides the option of mtdtiplying up the oscillator 
·frequency to speed up the overall operation. The watch dog timer can 
be used to restart the· controller under program crash or uneven 
execution of subroutines. The in-circuit ·debugger helps during 
program development to diagnostic data and communicate to 
processor. 

Q.3 State features of the PIC 18FXXXX. 

Qr [SPPU: May-22; Marks 6, May-17, Marks 3, In Sem: Aug.-16, Marks 5) 

Ans. : Features of PIC18FXX : The general features cf PIC 
18FXXX Microconttoller are as follows : 
• Data Bus : 8-bit CPU With RISC architecture 
• Clock : DC to 20 MHz 

• Instructions : 16 bits 
• . Memory : 2 Mbytes of program ROM [21 Address line] 

· 4 kbytes of data RAM [12 Address lines] 

.32 K flash ROM 

1536 bytes SRAM - Scratch Pad 

256 bytes - EEPROM - For storing critical information 
• I/O Ports : · 5 [A(6), B,C,D (8), E(3)] - 33 bidirecrional and 

individually addressable I/O lines. 
• Timers : Five timers with 8 and 16-bit operation 
• Has 15 bank registers with 256 entries 
• Has GPR [variable] and SFR [fixed locations]. · 

• Supports for USART operation 
• 10 bit, 8 channel ADC 
• CCP modules .. 
• 12C/SPI serial port 

� A Guide for Engineering St11de111s 
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• High current sink/source 25 mA/25 mA 

• 4x Phase Lock Loop (PLL) of primary oscillator 
• In-circuit debugger 
• · Max. PWM freq.@: 8-bit resolution= 156 kHz 

10-bit resolution= 39 kHz 

• Supports SPI anq I2C mode for serial communication 
• Power-on Reset (POR), Power-up Timer (PWRT) and Oscillator 

Start-up Timer (OST) 
• Wide operating voltage range (2.0 V to 5.5 V) 

Q.4 Explain with example functioning of ALU in PIC18 foi: transfer 

of data. Qr' [SPPU: May-22, Marks 6, May-18, 17, Marks 8) 

Ans.: Arithmetic and Logic Unit (ALU)': The-function of register is 
to support the functionality of ALU for perfonning various arithmetic 
and logical operations. It is a general-purpose register used for storing . 
intermediate results obtained during Arithmetic Logic Unit (ALU) : 
• WREG - Working register-Not addressable. 
• Status register that stores flags. , 
• Instruction decoder - when the instruction is fetched it goes into the 

ID. '· . 

• The function of the ALU is shown in the Fig. Q.4.1. While 
performing operation on ALU one of the operand is from. the · 

program data memory multiplexed with other input fr�m SFRS and 
other is working register (W). ·The result of operation may be 
stored either in working register or in file register according to the 
direction bit' d'. If d = 0, result will be stored in working register 
while d = 1, it will be stored in file register.· The sample is 
explained with example as, 
ADDWF F, d, a ; Add WREG to File (Data) Reg. 

; Sr.ve result in W if d = 0 

; Save result in F if d = 1 

.----·--."'!:" 
.)�( .J)'.' � '• ·----�-·--� A Guide fw E11f{i11eeri11g Swdents 
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d = 'O' or 

8 - bit literal 
(from instruction word) 

8-bit register value 

8 (from direct or indirect 
address of instruction) 

d bit, or from instruction 

d "''1' 

i..iteral instructions 

. Fig. Q.4.1 : ALU function 

Product: 16-bit Product of 8-bit by 8-bit Multiply: 

Register 
file 

• 8x8 hardware muitiplier .in ALU is used for Multiplication 
operatio·n and stores 16 bit result in product register pair( PRODH : 
PRODL) without affecting flags. 

· 

• The CPU fetches instructions from memory, decodes them and 
passes them to the ALU for execution. 

. ' 
• The Arithmetic Logic Unit (ALU) is responsible for adding, 

subtracting, shifting and performing logical operations. 
• The ALU operates in conjunction with :-

o A general purpose register called 'W' ·register. 
o And 'F' register that can be any location in data memory. 
o Literal embedded in the instruction code. 

Q.5 Explain the flag structure (PSW) of. PIC in detail 

� [ SPPU: Aug.-15, May-14, Marks 6, April-13, Marks 8] 

� A Guide for E11gi11eeri11g St1u/e11ts 



Microco11troller 4 - 8 PIC 18FXXXX Microco11troller Arcllitect11re 

Ans. : Program Status Word (PSW) : Flags are 1-bit registers used 
to store the result of program. The Program Status Word (PSW) 
contains status bits tha.t reflect the current CPU state after arithmetic 
and logical operations. PIC has 5 math flags (N, OV, Z, DC, and C). 
The general structure of PSW is as shown in Fig. Q.S. l. 

PSW Register of PIC 

87 86 BS 84 . 83 82 81 80 

Sign Zero 

Digit carry 

Fig. Q.5.1 : PSW of PIC 
. .  

• "N (Negative flag) : Used to indicate the result of an 
ar_ithmetic/logic operation.(B7 = 1 : result Negative, B7 = 0 result 
Positive) 

• OV (Overflow flag) :. Indicate the operation of sign magnitude 
numbers, set when goes beyond 7-bits res:ult of an operation of 
signed numbers. 

• Z (Zero flag) : Set when result of an arithmetic and logical 
operation is zero. 

• DC (Digit Curry flag) (Hal( Carry) : Set when carry generated 
from bit 3 to bit 4 in an arithmetic. operation. It is .used by BCD 
arithmetic instructions. 

• C (Carry flag) : Set when an addition of unsigned number 
generates a carry (ADDL W, ADDWF, SUBL W, apd SUBWF). 
For subtraction operation polarity is reversed and performed by 
adding 2' s complement of second operand. 

� A Guide for E11gineeri11g St11de11ts 
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Q.6 Explain data memory organization of PIC, comment on bank 

select register and access banks. 

W [SPPU: Dec.-1.7, Marks 8, May-19, Marks 6, Nov.-15, 

May-16,17, Marks 8, In Sem: 16, Marks 5; April 12, 13] 

Ans.: Data Memory Organization : The PIC 18F4550 has 4 KB of 
data memory organized in 16 .banks, the banks are access by Bank 
Select Regist�r (BSR) .. The data bus is. of 8 bit and will be stored in 
memory; as file register. The detailed data organization of data 
memory is shown in fig. Q.6.1. 
• Data memory up to 4 kbytes : Data register map - with 12-bit 

address bus 000-FFF .: 

• Divided into 16 banks each of 256-byte (FFF = 212 
= 16 x 256 = 

4096 = 4 K) 
• Half of bank 0 and half of bank 15 form a virtual bank that is 

accessible no matter which bank is selected 
• Data memory a�so known as register file, these registers are always 

accessible regardless of which bank is selected - acting as virtual 
memory. 

• BSR holds 4 bit bank address 0-F and remaining 8 bits points to 
256 locations in selected bank. 

• The BSR can be loaded directly by using the MOVLB instruction. 
• In the core PIC18 instruction set, only the MOVFF instruction 

fully specifies the 12-bit address of the source and target registers 
access bank. 

• While the use of the BSR, with an embedded 8-bit address, allows 
users to address the entire range of data memory, it also means that 
the user must always ensure that the _correct bank is selected. 
o To streamline access for the most commonly used data memory 

locations, the data memory is configured with an access bank, 
which allows users to access a mapped block of memory 
without specifying a BSR. 

� A. Gulde for Engl11eer/11g Students 
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o The access bank is used by core PIC 18 instructions that include 
the a<;cess RAM bit (the "a" parameter in the instruction). 

o When "a = l ", the instruction uses the BSR and the 8-bit 
address included in the opcode for the cata inemory address. 

o When "a = O'', the instruction is forced to use the access ·bank 
address map; the current value of the BSR is ignored entirely. 

FFFh 

F80h 
· F7Fr, 

FOOh 

EFFh 

EOOh 

DFF!1 

DOOh 

2FFi: 

200h 

'iFFh 

'IOOh 
OFFh 

080h 
07Fh 

OOOh 

��� 

Access.bank 
FFh 

80h 

?Fh 

OOh 

256 Bytes 

Fig. Q.6.1 : Data memory organization 
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Accessing data memory 

• The machine code for a PIC 18 instruction has only 8 bits for a dat8: 
memory address which n�eds 12 bits. The Bank Select Register 
(BSR) supplies the other 4 bits as shown in Fig. Q.6.2. 

PIC 18 instruction 

� 
Bank select register I 

I/ 
; . 

Bank 0 

Bank 1 

Bank 2 

I 
Bank 15 

OxOO 
Ox7F 
Ox80 

Ox FF 
OxOO 

OxFF 

OxOO 

OxFF 

• 
• 

OxOO 

Ox FF 

Fig. Q.6.2 : Use of BSR for bank selection 

• Memory can be addressed directly and indirectly as shown in 
Fig. Q.6.3 and Fig. Q.6.4. 

BSR<3:0> 7 ·From opcod1[3l O 
IW!l\i;j@W !I 1rnirn@l:iMf%!lWiil!iMM%lWN 
� '---� 

Bank select l Location select" ' t - OOh 0111 

Data memo1y(1l 

Banko Bank 1 

••• 

Fig. Q.6.3 : Memory addressing 

OEh OFh 

Ban:( 14 Bank 15 

� A Guide for £11gi11eeri11g Stude11ts 
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lr:struction 
:executed 

:t:!f Pfi��.?:��f t�:l:�faWK��t�$.$�lF! 

Oh 

FFFh 

11 6 7 0 ,,,,4"y+·:rnf' h\t•'•**''''''' tn 
\FSRnH I FSRnL ) 

Localion select 

l 
_....y12 ?Jf:t)\ F!ie address = :��1���i��� a:�;�;��ct Accessing INDFn/ I 

i 

\!l*al:!'Wi®J1'12 ·12 

I Instruction! -:(S 
fetcr.ed 1 

I@ PiMlW@tdfii:$1lM<# 
Fig. Q.6.4 : Indirect addressing · 

Data memory addressing .. Direct 

Data rnemoty 

• 8 bits ofthe 16-bit instruction specify any one·of256 locations. 

• The 91h bit specifies either the access bank(= 0) or one of the banks 
(= 1). 

Data memory addressing - Indirect 

• 3 File Select Registers (FSR) as a pointer to the data memory · 

location that is to be read or written. 

• Each FSR has an INDF register associated with it. 

• The INDFn register is not a physical register. Addressing INDFn 
actually addresses the register whose address is contained in the 
FSRn register. 

FSRO: Composed ofFSROH: FSROL 

FSRl : Composed ofFSRlH: FSRlL 

FSR2 : Composed of FSR2H : FSR2L 

Q.7 Draw and explain the program memory map and stack of PIC 
microcontroller. 

� [SPPU: May-,2, Marks 6, In Sern: Aug-22, Marks 5, Apri\-12] 

€3) A Guide for E11gi11eeri11g Students 
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Ans. : Program Memory Organization 
• PIC18 microcontrollers implement a '21-bit program counter, 

which is capable of addressing a 2-Mbyte program memory space. 
Accessing a location between the· upper boundary of the physically 
implemented memory and the 2-Mbyte address will return all 'O's 

(a NOP instruction). 

• PI Cl 8 devices have two interrupt vectors. The Reset vector address 
is at OOOO:H and the interrupt vector addresses are at 0008H and 
oo.� SH as shown in Fig. Q.7.1. 

• There m;iy be programming situations that require the creation of 
data structures, or look-up tables, in program memory. For PIC18 
devices, look-up tables can be implemented in two ways : 

1. Computed GOTO, 2. Table Reads. 

• The Program Counter (PC) specifies the address of the instruction 
to fetch for execution. 

• The PC is 21 bits wide and is contained in three separate 8-bit 
• 

registers; 

o The low byte, known as the PCL register, is both readel,Je and 
writable. 

o The high byte, or PCH register, contains the PC<15 : 8> bits; it 
is not directly readable or writable 

o The upper byte is called PCU. This register contains the 
PC<20 : 16> bits; it is also not directly readable or writable. 

� A Guide for E11g/11eerillg S111de11ts 
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T 

1 
\ 

\1/l \ t� 
1 � ' 
li 

r 

i 
. .!. 

Fig. Q.7.1 : Program mem.ory organization of PIC 

ST ACK : The stack operates as a 31-word by 21-bit RAM and a 5-bit 
Stack Pointer, STKPTR. The stack space is not part of either program 
or data space. The stack organization is shown in Fig. Q.7.2. 

Return address stack <20:0> 

1 1 1 1 1 

Top-of-stack registers 
1 1 1 1 0 
1 1 1 0 1 · Stack pointer 

TOSU 
hTioE11}! 
\. 

� 

TOSH · TOSL 
b'.MAfok) I 4'4hnl 

-..,..----) 

"-'C::: ....,... Top-of-stack 

STKPTR<4:0> 

• l!W.bmwl 
00011 J 
00010--

F•'j;<l"11'1"""'"·'"t''l 0 0 0 0 1 
ocooo 

Fig. Q.7.2: Stack indication 
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Q.8 Draw and explain the programming model of PIC 18FXXXX. 

� [SPPU : May-22, Marks 6] 
Ans. : Programming Model of PIC18FXX : It supports for the 
smooth functioning of the microcontroller, all components are the 
parts of programming model contribute directly or indirectly. The 
components of general ·programming model are ALU, PSW, Pointers, 
RAI\.1, Data and program ROM, Timers,, SFRS and ports as shown in 

· Fig. Q. 8.1. It also represent the internal architecture .of a 
microprocessor necessary to write assembly language programs. It has 
been divided into two groups as 
• Arithrrietic Logic Unit (ALU) and Registers from Microprocessor 

Unit(MPU). 
• . Special Function Registers (SFRs): From Data (File) Memory. 

MPlJ 

F 

'�� m) .. o 

1 FF fa.:-;·.-;:1�:; Bc::rik 
Ct) 
7F. 
1)0 
FF 

e: l:O perts 

J ii S:.:ppf;rt cievic% 
'j 

. Fig. Q.8.1 : Programming model of PIC 

Registers and Pointers 

" Working Register (W): 8 bit accumulator. 
• Program Counter (PC) : 21-bit register functions as a pointer to 

program �emory during program execution. 

� A Guide for E11gi11eeri11g Students 
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• Table Pointer : 21-bit register used as a memory pointer to copy 
bytes between program ni.erriory and data registers. 

• Stack pointer (SP) : 5�bit register used to point to the stack. 

• Stack : 31 registers used for temporary storage of memory 
addresses during execution of a program. 

• BSR : Bank Select Register (0 to F) : 4-bit register 

Provides upper 4-bits of 12-bit address of data memory. 

• FSR: File Select Registers: FSRO, FSRl and FSR2 
FSR: Composed of two 8-bit registers: FSRH and FSRL 
Used as pointers for data registers 
Holds 12-bit address of data register 

Special Function Registers 

These registers are used to control the operation of Timers/Counters, 
interrupts, serial interface and ports. The location of each SFR is fixed 
and accessed by use of direct addressing mode. Data registers 
associated with 1/0 · ports, support devices and . processes of data 
transfer. 
• 1/0 Ports (A to E) 
• EEPROM 

• Interrupts 
• Serial I/O 

• Timers • Capture/Compare/PWM (CCP) 
• . Analog-to-Digital (AID) converter 

Program and Data Memory 

• Data memory up to 4 kbytes : Data register map - with 12-bit 
address bus 000-FFF. The total memory 1s divided into 16 banks 
each of 256-byte (FFF = 212 = 16 x 256= 4096 = 4K) 

• PIC18 microcontrollers implement a 21-bit program counter, 
which.is capable of addressing a 2-Mbyte program memory space. 
Accessing a location between the upper boundary of the physically 
implemented memory and the 2-Mbyte address will return all 'O's 
(a NOP instruction). 
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Q.9 Enlist the steps in selection of PIC Microcontroller. 

Ans.: Seiection Criteria: 
The selection of each microcontroller used for specific application 
depends on following factors .. 

• Data handling capacity - Bits, Nibble bytes, words, double 
words, quad words etc .. 

• Speed - depends on clock. 
• Amount of RAM/ ROM/ EPROM/ flash/ static. 
• Number ofI/O pins, timers - All SFRS. 
• Power consumption - Based on the modes. 
• Pllckaging - 40 PIN DIP,/ QFP/ other - important - Space, 

., 

assembly, prototyping the end product 
• Added teatures like ADC/ DAC/ CCP, bus support like CAN, 

SPI, I2C, USB. 
• Watchdog timer, Timer modes, data EEPROM �tc. 
• Easy .to upgrade � Higher performances or · low power 

operations. 

Q.10 Draw the pin out diagram of PIC 18F4550 and explain 
function of each. 

Ans.: Pin Functions ofPIC 18F4550 

• It uses the dual 'in-line package with forty pins as shown in 
Fig. Q.1 o:i. The total forty pins and divided into different parts as 
port pins, reset, memory control and power supply; O,ut of 40 pins, 
33 pins are dedicated to 1/0 functions with five ports with alternate 
functions. Rest of the pins are VDD, GND, OSCl, OSC2, a:nd 
MCLR. 

,· 
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• Note : For more details of pin assignment please refer 
Fig. Q.l 0.1. Also according to device number pins are assigned 
with increased multiple functions. 

Kii"ct:R:vrP1RE3 ............. . 
RAOlANO-

RA11foM·
RA2iAN2/V1�c..,)CVRff -

RA:'.V.'\�3fV�Ef+ ....,._..... 

H.1\4!TOCK.1fG·10UT!RCV ..,..__... 

HA6tAN4!SStHLVt:!iN'C20i..IT -
RE01f,N6IC.K1SPP -
RE1iA.N5iCK2SPP ......... .... 

Rt:·.2/AN7/0ESPP . .,.. .... :.,... 
Voo___.... 
\I 
'"SS__.... 

0$C11CLK;
OSC21CLKOtRAG -

RCO/T'l0SO/T13GJ<: ..,.__,,.... 

RCJ.T1os;1ccP2';),DQE--
Rc2:ccP11P1A ............ . 

Vuss ·<If· .. ···-

RDOiSPPO-

HD1/S?P: � 

. ............ R87iK813!PGD 
_,,_. R86/KB12iPGC 

- RB5iKBJ11PGM 

........__.... R8-llAN1·1/KBlOiCSSPP 

...,.,___..... R83/AN9/CCP2
{·;j

/VPf) 

- R82!1;N8!!f·JT2NMO 
� R8�JAN·:Oi!NT·:rscK;SC';L 

� R80!AN12!1NTO!FLTG/SDiiSDA 

....,. ........... V;;.::.:i 
-�··········Vss 
----.... HD7!SPP7iP� {) 
.,...__..... f�!�i6JSPP!1fP·: C 
- F<D5!ilPP5lP111 
..,..__,.,.. RD4/SPP4 
.,.._..,. RC7!RX!OT.!SDO 

...._....._ RC6JTX!CV.: 

. ....... ,... R.C6!D+f'·!? 

•······�· HC4lf)-iV�..:1 
� f�D3tSPP:S 
....._... RD2/SPP2 

Fig. Q, 10.1 : Pin out diagram 
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Q.11 Explain with block schematic function of RESET In PIC 

18FXXXX. 

Q> [SPPU: May-22, Marks 8; May-18, Marks 8,Dec-17, Marks 8] 
Ans. : Reset Operation : The main function of reset

· 
is to initialize the 

operation. After reset the processor is initialized for the initial value 
. (by defauh, Like all ports are configured as input). 

• A n .. -;,;et puts tb.e PIC in ·a well-defined initial state so that the 
processor starts executing code from the first instnJction. 

• Reset will cause all current data to be lost. 

• Reset can results from : 

o Power-on Reset (POR) 

o MCLR reset during normal operation(Extemal reset by MCLR 
pulled down) 

o MCLR reset during power-managed modes 

o Watchdog Timer (WDT) reset (during execution Watchdog 
timer overflow) 

o Programmable Brown-out Reset (BOR) 

o RESET instruction 

o Stack full reset 

o Stack underflow reset 

o Reset on power supply brown-out 

o The detailed combination of reset operation along with 
functional diagram is shown in Fig. Q.11.1. 
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RESET 

' 
·� .. -�·· ...

.. _ .. �·· .. 

'• 

Enebla l'='WRT 

Enoble OST(l) 

�lg. Q.11.1 : Reset operational diagram 

• Reset can be of, 

1. Power-on Reset (POR) 

2. Power-up Timer (PWRT) 

3. Oscillator Start-up Timer (OST) 

RCON : Reset Control Register 

Device reset events are tracked through the RCON register as shown 
in Fig. Q.11.2. The lower five bits of the re&ister indicate tr,1t a 
specific reset event has occurred. In most cases, th�se bits can only be 
cleared by the event and must be set by the application after the event. 
The state of these flag bits, taken together, can be read to indicate the 
type of Reset that just occurred. The RCON register also has control 
bits for setting interrupt priority (IPEN) and software control of the 
BOR (SBOREN). 
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Fig. Q.11.2 : Reset control register 

• The MCLR pin provides a method for triggering an external reset 
of the device. 

• A reset is generated by holding the pin low. 
• These devices have a noise filter in the reset path which detects and 

ignores small pulse�. 
• The pin is not driven low by any internal resets, including the 

WDT. 

• In PIC18F2455/2550/4455/4550 devices, the MCLR input can be 
disabled with the MCLRE configuration bit. When MCLR is 
disabled, the pin becomes a digital input. 

Q.12 Explain POR, PWRT, BOD modes of RESET l.n PIC 18FXXXX. 

Ans. : Reset Modes : The reset operation is affected by the following 
mode� depending on the way of using parameters. 

A. Power-on Reset (POR) 

• A Power-on Reset pulse is generated on-chip when VDD rise is 
detected above threshold. The power on circuit is shown in 
Fig. Q.12.1. 

. 

• To take advantage. of the POR circuitry, just tie. the MCLR pin 
directly (or through a resistor of 1 kn. to 10 kn) to VDD. This will 
eliminate external RC components usually needed to create a 
power-on reset delay. 

- �  A G11i�e for E11gineeri11g Sflldents 
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• When the device starts 
normal operation (i.e., 
exits the RESET 
condition), device 
operating . parameters 
(like voltage, frequency, 
temperature, etc.) must 
be met. to ensure 
operation. If these 

Fig. Q.12.1 : Power on reset 

conditions are not met, the device must be held in RESET until the 
operating conditions are met. 

• POR events are captured by the POR bit (RCON<l>). The state of 
the bit is set to 'O' whenever a POR occurs; it does not change for 
any other reset event. POR is not reset to '1' by any hardware 
event. To capture multiple events, the user manually resets the bit 
to 'J' in software following any POR. 

• External power-on reset circuit is required only if the VDD power
up slope is too slow. 

• The diode D helps discharge the capacitor, quickly when VDD 
powers down. R < 40 kn.· is recommended to .make sure that the 
voltage drop across R does not violate the device's electrical 
specification. 

• Rl 2:: 1 k.'1 will limit any current flowing into MCLR from external 
capacitor C, in the event of MCLR/VPP pin breakdown, due to 
Electro - Static Discharge (ESD) orElectrical Overstress (EOS). · 

B. Power-up Timer (PWRT) 

• The power-up timer provides ·a fixed -nominal· time-out only on 
power-up from the POR. The power-up timer operates on an 
internal RC oscillator. 

• The chip is kept in RESET as long as the PWRT is active. 

• The PWRT's time delay allows VDD to rise to an acceptable level. 
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• A configuration bit is provided to enable/disable the PWRTEN. 
• The power-up time delay will vary from chip-to-chip due to VDD, 

· temperature and process variation. 
• The Oscillator Start-up Timer (OST) provides a 1024 oscillator 

cycle (from OSCl input) delay after the PWRT delay is over. 
• This ensures that the crystal oscillator or resonator has started and. 

stabilized. 
· · 

. . 

• The Oscillator Start-up Timer (OST) provides a 1024 oscillator 
9ycle (from OSCl input) delay after the PWRT delay is over. 

• This ensures that the crystal oscillator or resonator has started and· 
stabilized. 

• The Power-up Timer (PWRT) of the PIC18F2455/2550/4455/4550 
devices is an 11 �bit counter which uses the INTRC source as the 
clock input. This yie,lds an approximate .time interval of 
2048 x 32 µs = 65.6 ms. While the PWRT is counting, the device 
is held in reset. 

C. Brown Out Detect (RESET) 

• Mostly all microcontrollers have built in Browh-.out Detection 
(BOD) circuit, which monitors supply .voltage .level during 
operation. BOD circuit in Fig. Q.12.2 is nothing more than 
comparator, which compares supply voltage to a fixed trigger 
level. 

• The BOR is -controlled by· the BORVl:BORVO ancf'
BORENl :BORENO configuration bits in CONFIG 2 L register.: 
Ref (Microchip manual l 8F4550). 

.-...� .... .,..,.,....,, .... ,...........,,,,,...,.,,..,..,,,'J'-............... �--'"'"-y,WWWNMNN.Y. . 
l Dtn_1 

. 

L� .. � .. :;.,, .. :_ .... i. ... ,,-�_.,J .... ,,,"·'·-·�w_),,"�-.----.J��"""'··�-...1,,.,.,..,,,,,. __ �L-,.-.---: __ ,_,,,?��,,---.J 
• The BOR threshold is set by the BORV 1 :BOR VO bits. If BOR is 

enabled, any drop ofVDD below VBOR for greater than threshold 
. 
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will reset the device. A reset may or may not occur if VDD falls 
below VBOR for less than threshold. The chip will remain in 
Brown-out Reset until VDD rises above VBOR. 

o Overcon:ie the fluctuations in VDD brown on reset voltage 
provided. 

Vdd 

Vdd 

Vdd 

0.5 Vdd 

·· RS1' 

2.25V 

Fig. Q.12.2: Brown on detect 

o CONFIG 2L allows to set minimum VDD required, if falls 
below CPU goes into reset state. It is set according to oscillator 
frequency connected to OSC 1 and OSC2 pins. 

o For 40 MHz-VBOR=4.5 V 
2MHz-VBOR=2.0 V 

• If the power-up timer is enabled, it will be invoked after VDD rises 
above VBOR;. it'then will keep the chip in reset for an additional 
time delay, PWRT. 

• If VDD drops below VBOR while the power�up tinier is running, 
the chip ·,vill go back into a brown-out reset and the power-up timer 
will be initialized, Once VDD rises above VBOR, the power-up 
timer will execute the additional time delay . 
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• SOFTWARE ENABLED BOR: When BORENl;:BORENO =·01, 
the BOR can be enabled or disabled by the user in software. This is 
done with the control bit, SB OREN (RCON<6> ). Setting 
SBOREN enables the BOR to· function as previously described. 
Clearing SBOREN disables the BOR entirely. The SBOREN bit 
operates only in this mode; otherwise, it is read as 'O'. 

• Hardware BOR : When BOREN!: BORENO = 10, the BOR 
remains · under hardware control and operates as previously 
described. Whenever the device enters sleep mode, however, the 
BOR is automatically disabled. 

• When the device returns to any other operating mode, BOR is 
automatically re-enabled. 

Note : BOR and the Power-on Timer (PWRI) are independently 
configured. Enabling BOR reset does not automatically enable the 
PWRT. 

Q.13 Explain watch dog timer mode of RESET in PIC 18FXXXX. 

Ans. : Watchdog Timer 

• For PIC18F4550 devices, the WDT is driven by the INTRC 
source. · 

• The nominal wpT period is 4 ms and has the same stability as the 
INTRC oscillator. The period of the WDT is multiplied by a 16-bit 
postscaler. 

. • Any output of the WDT postscaler is se_lected by a multiplexer, 
controlled by bits in configuration register 2H shown below 

U • 0 U • 0 U • 0 U • 0 RIP · 1 RIP • 1 RIP - 1 R/P1 

• . Available periods range from 4 ms to 131.072 seconds 
(2.18 minutes). 

"'.:�® !��C0!7'!() 
'-._ �_, __ ,,_ - -· 
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. • The WDT and post scaler are cleared when any of the following 
events occur : a SLEEP or CLRWDT instruction is exec.uted, the 
·
IRCF bits (OSCCON<6:4>) are changed or a clock failure has 
occurred according to oscillator control bits. 

• The general block diagram of Watchdog timer is shown in 
Fig� Q.13.1. 

SWDTE.N�· F..r:3bia'NDT . INTRC counter WOTEN-- , 
! 

\..� · WOT coi.1nte.r 

INTRG s�urcr: 

Change on IRCF biis · 
CLRWOT 

t, 
WDTPS•:3.0> --·----------,,."'--·�·---. 

SLEEP �-�--�·----------

r
···-

;=o--- ... �\�������:d 

Reseti 

! --' 

WDT 
�i:?set 

Fig. Q.13.1 Watchdog timer 

Also the SFRS used for enabling the W atch<log timer are, 

Bit 0 SWDTEN : Software controlled Watchdog timer Enable bit : 
This bit has no effect if the .:onfiguration bit, WDTEN, is enabled in 
CONFIG 2H register 

1 = Watchdog timer is on 
0 = Watchdog timer is off 

1. The CLR WDT and SLEEP instructions clear the WDT and 
postscaler counts when exec.uted. 

2. Changing the setting of the IRCF bits (OSCCON<6:4>) clears the 
WDT and postscaler counts. 

3. When a CLRWDT instruction is executed, the postscaler count wiII 
be cleared. 
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Q.14 Explain different oscillator options with bit setting�. 

� [SPPU: May-19; Marks 8] 
Ans. : Oscillator options : Essentially, there are three clock sources 
for the PIC microcontroller to operate in different modes of operation : 

Primary oscillators : The primary oscillators include the external 
crystal and resonator modes, the external clock modes and the internal 
oscillator block. The particular mode is defined by the FOSC3 :POSCO 
configuration bits. 

·Secondary oscillators : The secondary oscillators are those external 
sources not connected to the OSC 1 or OSC2 pins. These sources may 
continue to operate even after the controller is placed in a power
managed mode. 

Internal oscillator block : In addition to being a primary clock 
source, the internal oscillator block is available as a power-managed 
mode clock source. The INTRC source is also used as the dock source 
for several special features, such as the WDT and Fail-Safe Clock 
Monitor. 

In short for the PIC 

• Four crystal modes, using crystals or ceramic resonators. 
• Two external clock modes, offering the option of using two pjns 

(oscillator input and a divide-by-4 clock output) or one pin 
( o�cillator input, with the s�cond pin reassigned as general I/O). 

• Two external RC oscillator modes with the same pin options as the 
external clock inodes. 

• The internal oscillator circuit is used to generate the device clock. 
The device clock is required for the device to execute instructions 
and for the peripherals to function. Four device clock periods ' 
generate one internal instruction clock (TCY) cycle. 

• An internal oscillator block which provides an 8 MHz clock and an 
INTRC source (approximately 31 kHz), as well as a range of 6 user 
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selectable clock frequencies, between 125 kHz to 4· :MI-Iz, for a 
total of 8' clock frequencies. This option gives the two oscillator 
pins for use as additional general purpose I/O. 

• A Phase Lock Loop (PLL) frequency multiplier, available to both 
the high-speed crystal and internal oscillator modes, which allows 
clock speeds of up to 40 MHz used with the internal oscillator, the 
PLL gives users a complete selection of clock speeds, from 31 kHz 
to 32 MHz - all without using an external crystal or clock circuit. 

Configuration Registers for Oscillator Options 

• Many . features of the PIC can be selected using the bits in 
,· 

configuration registers reducing the cost for external components. 
• These configuration registers are located at address 300000 H 

which is outside the 000000-lFFFFF H ( 4 MB) of range ROM. 
• The configuration register can be assessed from the user program 

using table read and writes. 
• Writing 8 bit values with CONFIG directive will be loaded in 

register. 
• Iricorrect programming of configuration register can cause system 

to fail. 
• Configuration registers are of reset, clock source and VDD source. 

Table Q.14.1 gives the addressed location with details. 

Table Q.14.1 : Address location of CONFIG registers 
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Configuration Bit Settings 

• The configuration bits can be programmed (read as '0'), or left un
programmed (read a.S 'l '), to select various device configurations. 
These bits are mapped starting at program memory location 
30.0000H. 

• The user will note that address 300000H is beyond the user 
program memory space. In fact, it belongs to the configuration 
memory space (300000H - 3FFFFFH), which can only be accessed 
using Table Reads and Table Writes. 

• Programming the configliration registers is done · in a ·manner 
similar to programming the FLASH memory.� The only difference 
is the configuration registers are written a byte at a time. The 
configuration bit settings are shown in Table Q.14.2; 

"'·""•'-'•W,_.,,.,,_......,,. ' 

______ ;J:Jt£<2lfil�7h 
boooooHl CONFIG7Hc> - lEBTRBi - ! - r-

I
' ·- . ., -!··�·�� .. -·--- -""'!""'---r-·--··r-· _,,_,,,, _ __,,, l ''. ; 1 ' ' ' j l 

13FFFFEHI DEVIDI > DE\"2 i DEVI I DEVO ! REV4 REV3 REV2 I REV! REVO ' """''�. l 1--·------+--+---+--+-L -------�----!�""-� 
!3FFFFFHI DEVJD2 ! DEVIO I DEV9 l DEV8. D�V7 i DEV6. I DEVS > DEV4 lDEV3 I �:::�. I 
..,,...,.,, ..... ,, ..... , ...... ..J. ................ �...,�-. .,..;.,., ..... ,�,!,,,.,-,.,..,.,,,..,..,...��-�L, .............. w.-.-�·�- WNJfHUo'h .... w.....\\wM ...... , ..... ,,w,.{· 

Table Q.14.2 : Configuration bit setting · 
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Q.15 Explain in detail oscillator control register OSCCON. 

Ans. : OSCCON : Oscillator Control register 

• The OSCCON register controls several aspects of the device 
clock's operation, both in full-power operation and in power
managed modes. The system clock select bits, SCS 1 :SCSO, select 
the clock source. The oscillator control register is shown in 
Fig. Q.15.1. 

• The available clock sources are the primary clock (defined by the 
FOSC3:FOSCO configuration bits in CONFIG lH register), the 
secondary clock (Timerl oscillator) and the internal oscillator 
block. 

• The internal oscillator frequency select bits, IRCF2 : IRCFO, select 
the ·frequency outp_ut of the internal oscillator block to drive the 
device clock. 

• When an output frequency of 31 kHz is selected 
(IRCF2:IRCFO = 000), users may choose which internal oscillator 
acts as the source . 

. RIW··1 RIW·1 RIW·O R/W-0 R R-0 R!W·O RIW-0 

Fig. Q.15.1 : Oscillator control register 

Bit 7 : IDLEN : Idle Enable bit 

1 = Device enters Idle mode on SLEEP instruction 

0 = Device enters Sleep mode on SLEEP instruction 

Bit 6-4 : IRCF2:IRCFO: Internal oscillator frequency select bits 

111 = 8MHi (INTOSC drives clock directly) 

110 = 4 :Mllz 

101=2MHz 

100 = 1 MHz(3) 
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011 = 500 kHz 

010 = 50 kHz 

001 = l25 kHz 
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000 = 31 kHz (from either INTOSC/256 or INTRC 

directly) 

Bit 3 : OSTS : Oscillator Start-up Time-out Status bit 

1 = Oscillator start-up timer time-out has expired; 
primary oscillator is running . 

0 = Oscillator start-up timer time-out is running; 
primary oscillator is not ready 

Bit 2 : IOFS : INTOSC Frequency Stable bit 

1 = INTOSC frequency is stable 

0 = INTOSC frequency is not stable 

Bit 1-0 : SCS 1 : SCSO : System Clock Select bits . 

Q.16 Explain various power down (Managed) modes of PIC18FXXX. 

IEW" [SPPU: May-22, Marks 6, May-18,19, Marks BJ 
Ans. : Power Managed (Down) Modes : 

• PIC18F2455/2550/4455/4550 devices offers total of seven 
operating modes for more efficient power management. 

• There are three categories of power-managed modes: 

o Run modes 

o Idle modes 

o Sleep mode. 

• These categories define which portions of the device are clocked 
and sometimes, what speed. 

............... ;;;;;; ........................................................................................................................ �.� 
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• The Run and Idle modes may use any of the three available clock 
sources (primary, secondary or internal oscillator block); the Sleep 
mode does not use a clock source. · · 

· 

• Selecting a power-managed mode requires two decisions: If the 
CPU is to be clocked or not and the selection of a clock source. 

• The IDLEN bit (OSCCON<7>) controls CPU clocking,_ while the 
SCS 1 : SCSO bits (OSCCON<l :O>) select the clock source. 

OSCCON : Oscillator Control Register 

RlW -.1 RNJ · 1 RJW • 0 RJW • 0 . R 

Selection of power down modes 

R·O R/W·O RNJ-0 

1. Selection of Clock Sources : Primary Clock OSC2 : OSCO, The 
secondary clock (the Timer 1 oscillator) and the internal oscillator 
block (for RC modes). 

2. Entering into power down modes : 

a. Switching from one power-managed mode to ai;.other begins by 
loading the OSCCON register. The SCS 1: SCSO bits select the 
clock source and determine which Run or Idle mode is to be 
used. Changing these bits causes an immediate switch to the 
new clock source, assuming that it is running. · 

b. Entry to the power-managed Idle or Sleep modes is triggered by 
the execution of a SLEEP instruction. The actual mode that 
results depends on the status of the ID LEN bit. 

c. Depending on the current mode and the mode· being switched 
to, a change to a power-managed mode does not always require 
setting all of these bits. 

d. Executing a. SLEEP instruction does not necessarily place the 
device into Sleep mode. It acts as the trigger to place the 
controller into either the Sleep mode, or one of the idle modes, 
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depending on the setting of the ID LEN bit.. . . . 

e. Available power managed modes is shown in Table Q.16.1. 

Table Q.16.1 : Power managed modes 

Q.17 Explain RUN power down (Managed) mode of PIC18FXXX. 

Q" [Marks 6] . 
Ans. : Run modes : In the run modes, clocks to both the· core and 
peripherals are active. The difference be1'veen these modes· is the 
clock source. 

A. PRI_RUN MODE : This is also the default mode: upon a device 
Reset. fr is the normal, fuli-power execution . mode · of the 
micr<:>controller. Depending on the primary clock source the IOFS 
bit may be set in oscilla�or control register. 

B. SEC RUN MODE : 

o The SEC _RUN mode is the compatible mode to the "clock 
switching" feature offered in other PIC 18 devices. 

o In this mode, the CPU and peripherals are clocked from the 
Timerl oscillator. 

o This gives users the option of lower power consumption while 
still using a high-accuracy clock sourc�. 

�
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o SEC_RUN mode is entered by setting the SCSl:SCSO bits to 

'01 ' . The device clock source is switched to the Timer 1 
oscillator and the primary oscillator is shut down. 

o On transitions from SEC_RUN mode to PRI_RUN, the 
· peripherals and CPU continue to be clocked from the Timer 1 
oscillator while the primary dock is started. 

· C. RC_RUN MODE : 

o In RC_RUN mode, the CPU and peripherals are clocked from 
the internal oscillator block using the INTOSC multiplexer; the 
primary clock is shut do"Wn. 

o When using the INTRC source, this mode provides the best 
power conservation of all the Run modes while still executing 
code. 

o It works well for user applications which are not highly timing 
sensitive or do not require high-speed clocks at all times. 

o If the primary clock source is the internal oscillator block 
(either INTRC or INTOSC), there are no distinguishable 
differences between the PRI.:..RUN and RC_RUN modes during 
execution. However, a clock switch delay will occur during 
entry to and exit from RC_ RUN mode. Therefore, if the 
primary clock source is the internal oscillator block, the use of 
RC_ RUN mode is not recommended .. 

· -

0 On transitions froin RC_RUN mode to PRl_RUN mode, the 
device continues to be clocked from the INTOSC multiplexer 
while the primary clock" is started. 

o The IDLEN and SCS bits are not affected by the switch. The 
INTRC source will continue to run if either the WDT or the 
Fail-Safe Clock Monitor is enabled. 

Q.18 Explain SLEEP power down (Managed) mode of PIC18FXXX. 

�[Marks 6] 
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Ans. : Sleep Modes 

• The power-managed Sleep mode 
PIC 18F2455/2550/4455/4550 devices is identical 
Sleep mode offered in all other PIC devices. 

in the 
to the legacy 

• It is entered by clearing the IDLEN bit (the default state on device 
Reset) and executing the SLEEP instruction. 

· • This shuts down the selected oscillator. All clock source status bits 
are cleared. · 

• Entering the Sleep mode from any other mode does not require a 
clock switch. 

This is because no clocks are needed once . the controller has entered 
Sleep. If the WDT is selected, the INTRC source will continue to 
operate. If the Timer 1 .. oscillator is enabled, it will also continue to 
run. 
• When a wake event occurs in Sleep mode (by interrupt, Reset or 

WDT time-out), the device will not be clocked until the clock 
source selected by the SCS 1 : SCSO bits becomes ready or· it will 
be clocked from the internal oscillator block if either the Two
Speed Start-up or the Fail-Safe Clock Monitor are enabled. 

• In either case, the OSTS bit is set when the primary clock is 
providing the device clocks. The IDLEN and SCS bits. are not 
affected by the wake-up. 

Q.19 Explain IDLE power down (Managed) mode of PIC18FXXX. 

�[Marks 6] 

Ans. : Idle Modes 

• The Idle modes allow the controller'!! CPU to be selectively shut 
down while the peripherals continue to operate. Selecting a 
particular idle mode allows users to further manage power 
cor.sumption. 
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• If the IDLEN bit is set to "1" when a SLEEP instruction is 
executed, the peripherals will be clocked from the clock source 
selected using the SCS 1: SCSO bits; however, the CPU will not be 
clocked. The clock source status bits are not affected. 

• Setting IDLEN and executing a SLEEP inst�uction provides a 
quick method of switching from a given Run mode to its 
corresponding idle mode. 

• If the WDT is selected, the INTRC source· will continue to operate. 
If the Timer 1 oscillator is enabled, it will also continue to run. 

• Since the CPU is not executing instructions, the only exits from 
any of the idle modes are by interrupt, WDT time-out or a Reset. 

• ·When a wake event occurs, CPU execution ·is <;ielayed by an 
interval of TCSD while it becomes ready to execute code. 

• When the CPU begins executing code, ·it resumes with the same 
clock source for the current idle mode. 

• The IDLEN and SCS bits are not affected by the wake-up. 
• While in any Idle mode or Sleep mode, a WDT time-out will result 

in a WDT wake-up to the Run mode currently specified by the 
SCS 1: SCSO bits. 

A. PRI_IDLE MODE : 

o It is unique among the three low-power Idle modes which does 
not disi:tble the primary device clock during timing sensitive 
applications, this allows for the fastest re<Jumption. of device 
operation, with its more accurate primary clock source. 

o PRI_IDLE mode is entered from PRI_RUN mode by setting the 
.IDLEN bit and executing a SLEEP instruction. 

o If the device is in another Run mode, set IDLEN first, then clear 
· the SCS bit3 and execute SLEEP. 
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o Although the CPU is disabled, the peripherals continue to be 
clocked from the primary clock source spedfied by the 
FOSC3:FOSCO configuration bits. The OSTS bit remains set. 

. 0 When a wake event occurs, the CPU is clocked from the 
primary clock source. A delay of interval TCSD is required 
between the wake event and when ·code execution starts. It is 
required to allow the CPU to become ready to execute 
instructions .. 

o After the wake-up, the OSTS. bit remains set. The IDLEN and 
SCS bits are not affected by the wake-up. 

B. SEC_IDLE MODE : 

o In this mode, the CPU is disabled but the peripherals continue 
to be clocked f�om the Timer 1 oscillator: This mode is entered 
from SEC_ RUN by setting the IDLEN bit and executing a 
SLEEP instruction. 

o If the revice is in another Run mode, set IDLEN first, then set 
SCS 1: SCSO to '01' and execute SLEEP. When the clock source 
is switched to the Timer 1 oscillator, the primary oscillator is 
shut down, the OSTS bit.is cleared and the TIRUN bit is set. 

o When a wake event occurs, the peripherals continue to be 
clocked from the Timer 1 oscillator. After an interval of TCSD 
following the wake event, the CPU begins executing code being 
clocked by the Timer 1 oscillator. 

o The ID LEN and SCS bits are not affected· by the wake-up; the 
Timer l oscillator continues to run. 

C. RC_IDLE MODE: 

o In RC_IDLE mode, the CPU is disabled but the peripherals 
continue to be clocked from the internal oscillator block using 

the INTOSC multiplexer. This mode allow� for controllable 
power conservation during Idle periods. 

-------·�-� 
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o From RC_ RUN, this mode is entered by setting the ID LEN bit 
and executing a SLEEP instruction. If the device is in another 
Run mode, first set IDLEN, then set the SCSI bit and execute 
SLEEP. Although its_ value is ignored, it is recommended that 
SCSO also be cleared; this is to maintain software compatibility 
with future devices. 

o The INTOSC multiplexer may be used to select a higher clock 
frequency by modifying the IRCF bits be:!'ore executing the 
SLEEP instruction. When the clock source is switched to the 
INTOSC multiplexer, the primary oscillator is shut down and 
the OSTS bit is cleared. 

o If the IRCF bits are set to any non-zero value, or the INTSRC 
bit is set, the INTOSC output is enabled. 

o If the IRCF bits were previously at a non-zero value, or 
INTSRC was set before the SLEEP instruction was executed 
and the INTOSC source was already stable, the IOFS bit will 
remain set. 

o If the IRCF bits and INTSRC are all clear, the INTOSC output 
will· not be enabled, the IOFS bit will remain clear and there 
will be no indication of the current clock rnurce. 

o When a wake event o�curs, the peripherals continue to be 
clocked from the INTOSC multiplexer. After a delay of TCSD 

. following the wake event, the CPU begins executing code being 
clocked by the INTOSC multiplexer. 

o · The IDLEN and SCS bits are not affected by the wake-up. The 
INTRC source will continue to run if either the WDT or the 
Fail-Safe Clock Monitor is enabled. 

Q.20 Explain with diagram peripheral support in .PIC18FXXX. 

· Ans: Brief Summary of Peripheral Support 
The PIC 18F452 has the following peripherals : As shown in 

Fig. Q.20.1. 
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Fig. Q.20.1: Peripheral support in PIC 

• Data ports : 

o A (7-bits) 

o B, C and D (8-bits) 

o E (4- bits) 

• Counter/Timer modules : 

o Modules 0,2 (8-bits) 

o Modules 1,3 ( 16-bits) 

• CCP modules : 

o I2C/SPI serial port. 

o USART port. 
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o ADC 10-bits with 13 Channel. 

o EEPROM 256 bytes 

a. Five 1/0 ports 

• PORT A through PORT E 

• Most IIO pins are multiplexed 

• Generally have eight 1/0 pins with a few exceptions' 

• Addre�ses already assigned to these ports in the ·design stage 

• Each port is identified by its assigned Special Function 
Registers (SFR) 

PORTA (address of F80) 

PORTB (address ofF81) 

-7 these are part of data memory or register file. 

b. Capture-Comp2lre-Pulse Width Modulation (CCP) 

• The compare mode can· cause an event like simply turning on 
the device when the contents of timer matches with CCP 
register. 

• In capture mode, an event at CCP pin will cause contents of 
timer to be loaded in CCP register. 

• Pulse width modulation feature allows to create pulses of 
variable duty cycle. 

• The main difference · between enhanced CCP module and 
standard CCP is that it allows four pins for implementation of H 

bridge or half H bridge for DC motor control. 1, 2 or 4 PWM 
outputs 

c. Timer module 

• The timer 0 module timer/counter which can work as timer I 

counter has the following features : 

�· A Guide for E11gi11eerillg Stmle11ts 
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• 8-bit or 16 bit timer/counter 
• 8-bit software programmable pre-scaler 
• Internal or external dock 
• Select interrupt on overflow from FFH to OOH 
• Edge select for external clock 
• Timer 1 is 16 bit .timer/counter and cannot be operated in 8 bit. 
• Timer 2 is an 8-bit timer with a pre-scaler. It can be used as the 

PWM time-base for the P� mode o°fthe CCP module(s). 
• Timer 3 is 16 bit timer/ counter and c.annot be operated in 8 bit. 

It also works in CCP mode. 

d. Mas�er Synchronous Serial Port (MSSP) module 

• The Master Synchronous Serial Port (MSSP) module is a serial 
interface useful for communicating with other peripheral or 
microcontroller devices. These peripheral devices may be serial 
EEFROMs, shift registers, display drivers, A/D converters, etc. 
The MSSP module can operate in one of two modes: 
1. Serial Peripheral Interface (SPI) 

2. Inter-Integrated Circuit (I2C). 

e. Enhanced universal synchronous asynchronous receiver 
transmitter 

• The EUSART can be configured in the following modes: 

1. Asynchronous (full duplex) with: 
o Auto-wake-up on charac�er reception' 
o Auto-baud calibration 
o 12-bit break character transmission. 

" 

· 2. Synchronous - Master (half duplex) with selectable dock 

polarity 
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3. Synchronous - Slave (haJf duplex) with selectable clock 
polarity 

f. Parallel slave port 
• In addition to its function as a general VO port, PORTD can also 

operate as an 8-bit wide Parallel Slave Port (PSP) or 
microprocessor port. 

• PSP operation is controlled by the four upper bits of the TRISE 
register. 

• Setting control bit, PSPMODE (TRISE<4>), enables PSP 
operation as long as the enhanced CCP module is not operating in 
dual output or quad output PWM mode. In slave mode, the port is 
asynchronously readablt: and writable by the external world. 

• The PSP can directly interface to an 8-bit microprocessor data bus. 

/ 

The external microprocessor can read qr write the PORTD latch �s 
an 8-bit latch. 

Important Points to Remember 

1. PIC uses Harvard architecture with RISC instruction set 
architecture 

2. Clock is DC- 40 MHz 

3. Has in build Timer/Counter, Serial port ADC, 

4. Instructions are of 2, 4 bytes long 

5. Families are not upward compatible. 

6. _Incorrect programmilig of Configuration register can cause 
system to fail 

7 . . 2f-bit address bus for program memory addressing capacity . 
2 MB of memory 

8. 12-bit address bus .for data memory addressing capacity: 4 KB· 

of memory 
� 
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9. Has 77 Instructions 

10. 16"bit instruction/data bus for program memory 
11. 8-bit data bus for data memory 
12. Has four tim�r,- timer 0 (8 and 16 bit) timer 1 and 3(16 bit), 

timer 2 and 4 (8 bits only) 
13. MCLR plays important role in reset operation of PIC 
14. Watchdog timer is used to force reset operation if anything 

goes wrong 
15. Prescalcr in timer is used to increase the time delay 
16. Sources of oscillator may be internal or external 
1 7. Internal oscillator clock frequency is divided by four 
18. OSC 1 and OSC2 pins are used to connect the crystal or 

. ceramic resonator, OSC2 pin can be used for alternate 
function as RA6 for I/O operation 

19. Has five ports with 35 I/0 pins [A (7), B, C, D (8), E (4), 
USB] 

20. Port B pins have alternate function of accessing the external 
interrupts 

21. Has various power managed modes (idle, sleep, run) which 
saves the power. 

22. Configuration registers are used to set the operational 
conditions of PIC as reset voltage decision, Watch dog timer, 
background debugger etc . 

23. Selection of supply voltage is important to avoid 
malfunctioning 

24. Timer 0, 16 bit, TMROH is loaded first then TMROL 
25. Highest delay will be generated when TMROH = TMROL = 

OOh 

END ... 25 
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Peripheral Support in 

PIC 18FXXXX 

Q.1 Draw and explain functional diagram of timer 0 of Pl __ C and 

differentiate between operating functions of timer 0, 1 and 2. 

Qj" [SPPU: May-17, Dec-17, Marks 8] 
Ans. : Timer 0 functional diagram : 

The main use. of timer is to generate the delay. Timer 0 is 8-bit or 
16-bit timer with 8-bit software programmable pres.caler. 

Timer 0 : 8 bit mode : 

o Timer 0 can operate as either a timer or a counter; the mode is 
selected by clearing the TOCS bit (TOCON<5> ). 

o In timer mode, the module increments on every clock by default 
unless a different prescaler value is selected. 

o If the TMRO register is written to, the increment is inhibited for 
. the foll?wing two instruction cycles. The user can work around 
this by writing an adjusted value to the TMRO register. 

o The general configuration of Timer 0 - 8 bit is shown in 
Fig. Q.1.1. 

I }3 P�A 
I TOPS2.TOPS1.TOPSO 

TOGS 
. 

Fig. Q.1.1 : Timer 0, 8-bit 

(5-1) 

Data Bus 

0 

l 
Set lnterrnpt 

Flag bit TMHOIF 
on Overflow 
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o The bock diagram is divided into three parts as 1. Selection of 
·Clock, 2. Use of Prescaler, 3. Loading the Timer and checking 
for the Flag. 

o The counter mode is selected by setting the TOCS bit (= 1 ). In 
counter mode, Timer 0 increments either on every rising or 
falling edge of pin RA4/TOCKI/C10UT/RCV. 

o The incrementing edge is determined by the Timer 0 Source 
Edge Select bit, TOSE (TOCON<4>); clearing this bit selects the 
rising edge. 

o Restrictions on the external clock input : An external clock 
source can be used to drive Timer O; however, it must meet 
certain requirements to ensure that the external clock can be 
synchronized with the internal phase clock (TOSC). There is a 
delay between synchronization and the onset of incrementing 
the timer/counter. 

o An 8-bit counter is available as a pre-�caler for the Timer 0 
module. The pre-scaler is not directly readable or writable; its 
value is set by the PSA and TOPS2:TOPSO bits (TOCON<3:0>) 
which determine the pre-scaler assignment and pre-scale ratio. 

o CJearing the PSA bit assigns the pre-scaler to the TimerO 
module. Whert it is assigned, pre'.'scale values from 1 :2 through 
1 :256, in power-of-2 increments, are selectable. 

o When assigned to the Timer 0 module, all i,nstructions writing 
to the TMRO register (e.g., CLRF TMRO, MOVWF TMRO, 
BSF TMRO, etc.) clear the pre-scaler count. 

o TMRO interrupt is generated when the TMRO register overflows 
from FFH to OOH in 8-bit mode, or from FFFFH to 000.0H in 
16-bit mode. This overflow sets the . TMROIF flag bit in 
INTCON ·register. The interrupt can be masked by clearing the . . 

TMROIE bit (INTCON<5> r Before re-enabling the interrupt, 
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the TMROIF bit must be cleared in software by the Interrupt 
Service Routine. 

Timer 0: 16 bit mode: 

o 16-bit timer, 0000 to FFFFH. 
o After loading TMROH and TMROL, the timer must be started. 
o Count up till it reaches FFFFH, then it rolls over to 0000 and 

activate TMROIF bit. 
o Then TMROH and TMROL must be reloaded with the original 

value and deactivate TMROIF bit. 
TM ROH TMROL 

r -- '.,/' -, 

1"1�1§;j;11•111�,1111�11,�1�111�1,l'.zl�r11;:;9m1:!:i�%l!�!l1j11:11!fl§wli12111��*11111;w¥il!1'w�1::1;;;gµ;.:1 

MOVWF TMROL : Loads 'W' register into TMROL 

MOVFF TMROL, PORTB : Loads TMROL value into PORT B. 

o TMROH is not the actual high byte of Timer 0 in 16-bit mode. It 
is actually a buffered version of the real high byte of TimerO 
which is not directly readable nor writable. 

'oc��4r;;;;:I 
TOSF.. 

I TOCS·---

TOPG2·TOPSO------' 

0PSA -· 

Se; 
..,... Ti't�R.oF: 

cm overflc.1w 

-ReadTMROL 

T n WritE:! TMRCL 

(Z:ZGEZ7i::::fil2tsz::(> =�t:1m�I dr::.=3 bus 

Fig. Q.1.2: Timer 0: 16 bit mode 

6 TMROH is updated with the contents of the high byte of Timer 
0 during a read of TMROL. This provides the ability to read all 
16 bits of Timer 0 without having to verify that the read of the 

� A G11idefor F•1gi11eeri11g S111de111s 

----,, 
i 



Microco11troller S-4 Periplleral S11pporti11PIC18FXXXX 

high and low byte were valid, due to a rollover between 
successive reads of the high and low byte. 

o Similarly, a write to the high byte of Timer 0 must also take 
place through the TMROH Buffer register. The high byte is 
updated with the contents of TMROH when a write occurs to 
TMROL. This allows all 16 bits of Timer 0 to be updated at 
once. 

Note: Load TIMEROH first and th�n TIMEROL since TIMEROH will 
. · be kept in temporary reg. to avoid the errors during counting if 
TIMEROON flag is set to high. 

Comparison of Timers used in PIC 

Table: Q.1.1 

Q.2 Draw and explain functional diagram of timer 1 of PIC and 
differentiate between operating functions of timer 0, 1 and 2. 

� [SPPU: May-22, Marks 9, Dec-18, May-17, Marks 8] 
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Ans.: Timerl : 16 bit operation 

The Timer 1 module incorporates following features 

1. Software•programmed i'n 16-bit mode only and does not support 
8-bit mode. 

2. It has 2 bytes named as TMRlL and RMRlH which are readable 
and writable [It can count up 65.535 pulses in a single cycle]. . . 

3. Selectable clock source (internal or external) with device Clock or 
Timer 1 oscillator internal options . 

4. Has four prescale values [1:1, 1:2,1:4,1:8]. 

5. It has SFR as TlCON and TMRlIF. 

6. The module incorporates its own low-power oscillator to provide 
an additional clocking option. 

7. Used as a low-power clock source for the microcontroller in 
power-managed operation. 

8. Interrupt: Generates an interrupt or sets a flag when it overflows. 

TMR.lIF: Flag must be cleared to start the timer again. 

9. Resetting timer l using CCP module, 

CCP 1 in the Compare mode 

timer 1 ·and CCP 1 compared a:t every cycle 

When a match is found, timer 1 is reset. 

o Timer TMRl has a completely separate prescaler which allows 
1, 2, 4 or 8 divisions of the clock input. The prescaler is not 
directly readabk or writable. However, the prescaler counter is 
automatically cleared upon write to the TMRlH or TMRlL 
register. A simplified block diagram of the timer 1 module is 
shown in Fig. Q.2.1. 
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CCP Special Event Trigger 

TMR10N 
on/off T1SYNC 

Fig. Q.2.1 : Timer 1 block diagram 

o Timer 1 has the prescaler option but only supports for 1: 1, 

1:2,1:4,1:8. 
o . The module incorporates its own low-power. oscillator to 

. provide an additional clocking· option. The timer 1 oscillator 
can also be used as a low-power clock source for 'the 
microcontroller in power-managed operation. 

o Timer 1 can also be used to provide Real-Time Clock (RTC) I 
functionality to application

. 

s with only ,a mini.mal addition of 

·J · external components and code overhead. 
o Timer 1 is controlled through the T 1 CON ''Control register , 

shown i�
. 
Fig. Q.19.1. I� als

.

o contains the

. . 

timer 1
. 

oscillator . . ( 
enable b1t (TlOSCEN). timer 1 can be enabled or disabled by 
setting or clearing control bit, TMRI ON (Tl CON<O> ). · 

For comparison of timer 0, 1 and 3 refer Table Q.1.1 , , 

Q,3 .Explain operation of TOCON and TlCON registers of PIC 
18FXXX. ' ll':i" [Nov.·15, Marks 8) 

•· 
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Ans. : TOCON Reg - Timer control Register-8 bit 
87 86 85 94 93 82 81 BO 

! 1 = Enables TimerO I I O = Stop� TlmerO ......J 

J 
111 = 'i :256 l 011 = 1 :16 
110" 1:128 '010" 1:8 

l = 8 - bit Tinier/Counter . 

0." 16 - bit Timer/Counter 
101 = 1 :64 001 = ·1 :4 
100 = 1:32 000=1:2 

1 = Falling Edge 1 1 = No Presca!er 

0 = Rising Edge ---' 0 = Prescaler /l.ssigned 

T1CON: Timer 1 Control Register 

1 = Enables Timer1 in 16-bit 
operation 

O = Enables Tlmer1 in two 8·bil 
operations 

11=1:8 
10 � 1:4 
01=1:2 
00 = 1:1 

82 

I 

! � = RE��oe:���C:K10;:1< i • I,.,  'l:V \I 

I (Ri$lng edge; 
! 0 = lntemai clock 
' 

80 

1 " No synchronizat:on of externa! c!ock !nput 
0 = Syric:hronlzaiion of exte�i1(il clock inp1.1t 

Q,4 Explain operation of timer 2 of PIC 18FXXX. 

. � [Nov.-15, Marks 8) 

Ans. : Timer 2 : 8 bit operation 

• It is an 8 bit register with 8-b'it period register (PR2)� Fixed value · 
· • TI\1R.2 and PR2 are readable and writable. 1' 

• TMR2 increments from 00 to the value equal to PR2. 

• TMR2IF flag from PIRl reg. is raised and TMR2 reset to 00. 

• The clock sourc·e f<;>r TMR2 is Fosc/4 for both prescaler and 
postscaler options. 

• There is no extem�l clock source, hence cannot be us� as counter. 

• Three prescale values (Bit 1 - Bit 0) and 16 postscale . values 
(Bit 6 - Bit 3) in T2CO'N register are used to calculate the delay. 
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• Flag (T:MR2IF) is set when T:MR2 matches PR2 : Can generate an 
interrupt. 

• A simplified block diagram of timer 2 is shown in Fig. Q.4.1. 

Note: When using the Tiv1R2 timer : one should know: 
1. Upon power-on, the PR2 register contains the value FFh; 
2. Both prescaler and postscaler are cleared by writing to the 

.. Tiv1R2 register; 

3. Both prescaler and postscaler are cleared by writing to the 
T2CON register; 

4. On any re.set, both prescaler and postscaler are cleared. 

Fig. Q.4.1 : Timer 2 block diagram 

• The module is controlled through the T2CON register Fig. Q.4.2, 
which enables or disables the timer and configures the prescaler 
and postscaler. Timer 2 ·can be shut off by clearing control bit, 
Tiv1R20N (T2CON<2> ), to minimize power consumption. A range 

. of 16 postscale options (from 1:1 through 1:16 inclusive) can be 
selected with the postscaler control bits,T20UTPS3:T20UTPSO 
(T2CON<6:3> ). 

� A Guide/or E11gi11eering St11de11ts 
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1111=1:16 
1110= 1:15 
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0001=1:2 
0000 = 1:1 
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83 82 B1 BO 

1X = 1:16 
01=1:4 
00 = 1 :1 

Fig . . Q.4.2 : Timer 2 control register 

• Timer 2 can also generate an optional device interrupt. The Timer2 
output signal (TMR.2 to PR2 match) provides the input for the 4-bit 
output counter/postscaler. This counter generates the T:MR2 match 
intermpt flag which is latched ·in TMR2IF (PIRl<l>). The 
interrupt is enabled by setting the Tiv1R2 Match Interrupt En;.;ble 
bit, TMR.2IE (PIEl<lO). 

• The unscaled output of TMR.2 is available primarily to the CCP 
modules, where it is used as a time base for operations in PWM 
mode. 

· · 

• Timer ·2 can be optionally used as the shift clock source for the 
MSSP module operating in SPI mode. 

Q.5 Write a C18 program to toggle all bits of port B continuously · 

with delay of 10 ms using timer 0, 16 bit and no presclar. 

� [SPPU: May-18, May-22, Marks 8] 
RIW·1 RNl/-1 RN�-1 RN\1·1 RNV-1 

Ans.: Calculation ofTMROH and TMROL values 

1. Assume that crystal frequency = 10 MHz 

2. Internal time delay= 4/ (10*106) = 0.4 µs 
3. N = 10 ms/0.4 µs = 25000 

� A Guide for E11gineering Students 
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4. Count= 65536-25000 = (40536)10 
5. H!!X value to be loaded= (9E 58)16 · 

6. Load T11R.OH = 9EH and T11R.OL = 58H 

Program 
#include <P18FXXXX.h> 
void TODelay(void); 
void main(void) 
{ 

TRISB=O; 
While(l) 

{ 
PORTB= Ox55; 
TODelay ( ); 
PORTE= OxAA; 
TCiDelay ( ); 

} 
} 

void TODelay ( ) 

{ 
TOCON=Ox08; 
TMROH=Ox9E; 
TMROL= Ox58; 
TOCONbits.TMROON=l; 

11 configure Port B as output . 

II Load bit patterns 

11 TimerO, 16 bit, .no prescaler 
11 Load Higher byte in TMROH 
I I Load Lower byte to TMROL 
11 Start the timer for upcount 

while (INTCONbits.TMROIF= =0}; II Check for overflow 

} 

TOCONbits.TMRGON=O; II Turnoff timer 
INTCONbits.TMROIF= =O; · II Clear. ihe TimreO flag 

Q .. 6 Write a C18 program to generate square wave of 50 Hz 

continuo.usly using timer 0, 16 bit and-no prescaler. 

Ans. : S(1uare wave has 50 % duty cycle i.e equal on and off period 

. 1. For 50 Hz frequency, T ot al time T = 1/ 501Iz = 20 ms 

i.e. T0n=Torr=:' 10 ms 

� 'oc ,_ ""= -· '-'·· A Guide for E11gi11eerl11g St11de11ts 
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2. The calculations used for program 1 are same hence 

T11R.OH = 9EH and T11ROL = 58 H 

#includ e <Pl8FXXXX.h> 

void TODelay(void); 

void main(void) 

{ 
TRISB=O; 

While(l) 

{ 

} 
} 

J:>OR TB bits.RB 1 = O; 

TODelay ( ); 

PORTBbits.RBI= l; 

TODelay ( ); 

void TODelay () 

{ 
TOCON = O x 08; . 
TMROH = 0 x 9E; 
TMROL= Ox58; 

TOCONbits.TMROON=l ; 

while(INTCONbits.TMROIF==O); 

TOCONbits.TMROON=O; 

INTCONbits.TMROIF=O; 

. 11 configure port B as output 

II set RB I bit high 

II TimerO, 16 bit, no prescaler 

II Load Higher byte in TMROH 

II Load Lower byte to TMROL 

11 Start the timer for upcount 

II Check for overflow 

II Turnoff timer 

II Clear the Timer 0 flag 

Q.7 Write a C18 program to generate frequency of 250 Hz on all 

PORTO lines continuously using Timer 0, 16 bit and no presclar .. 

Ans. : For 250 Hz frequency, Total time T = II 250 Hz ,; 0.004 s i.e .. 

. Ton= Torr= 0.002 S 

Calculation of TMROH and TMROL values 

1. Assume that Crystal frequency = 10 MHz 

� A Guide for E11gi11eerillg Stll(fents 
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2. Internal time delay= 4/(10*106) = 0.4 µs 

3. N = 0.00210.4 µs = 5000 

4. 5000/20 = 250 

5. Count= 65536-250 = (65286)10 

6. Hex value to be loaded= (FF 06)16 

7. Load TMROH = FFH and TMROL = 06 H 

#include <PlBFXXXX.h> 

void TODelay(void); 

void main(void) 

{ 
Unsigned char x; 

TRISD=O; 

PORTD=Ox55; 

While(f) 

11 configure Port D as output 

{ 
PORTD=:-PORTD; 

For(x=O; x<20; x+ +) 

TODelay·( ); 

11 Toggkle all bits of port D 

} 
} 

void TODelay ( ) 

{ 
· TOCON=Ox08; 

} 

TMROH�OxFF; 

TMROL= Ox06; 

TOCONbits.TMROON= 1; 

while(INTCONbits.TMROIF= =O ); 

TOCONbits.TMROON=O; 

INTCONbits.TMROIF= =O; 

· 11 TimerO, 16 bit, no prescaler 

11 Load Higher byte in TMROH 

11 Load Lower byte to TMROL 

11 Start the timer for upcount 

11 Check for overflow 

11 Turnoff timer 

11 clear the TimreO. flag 

' 

Note : If same program require to run with 1 :4 prescaler then valt.e for TMROH 

and TMROL are 

1. Assume that crystal frequency = 10 l\l1Hz 

� A Guide/or E11gi11eeri11g St11de11ts 
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2. Internal time delay= 4*4/(10*106) = 1.6 µs 

3. N = 0.002/1 :6 µs = l250 

4. Count= 65536 -1250= (64286)10 

5. Hex value to be loaded= (FB 1E)16 

6. Load TMROH = FB H and TMROL = lE H 

7. TOCON= Ol 

Q.8 Write a C18 program to generate frequency of 2500 Hz on all 
PORTC.2 c->nflnuously using timer 1 , 16 bit and no prescalar. 

Ans. : F or 2500 Hz frequency, Total time T = 1/ 2500 Hz= 400 µs 
i.e. T0n = T0rr= 200 µs 

T1CON 

RIW-0 R-0 RJW-o Rrvv:o 

1. Calculation ofTMR.lH and TMR.l L values, 

1. Assume that crystal frequency = 10 MHz 
2. Internal time delay = 4/(1 O*106) = 0.4 µs 
3. N = 200/0.4 µs = 500 

4. Count= 65536 -550 = (65036)10 
5. Hex value to be loaded= (FE l C)16 
. 6. Load TMRlH =FF H and TMRlL = 06 H 

2. Program: 
#include <PlBFXXXX.h> 

void T1Delay(void); 

#define mybit PORTCbits.RC2 

void main (void) 

{ 
TRISCbits. TRISC2 =O; 

While(l). 

{ 

'\. 

mybit" =1 

T1Delay ( ); 

� 
� A Guide for E11g/11eer/11g Stmle11ts 
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} 

void TlDelay ( ) 
{ 

} 

TlCON=OxOO; 
TMRlH=OxFE; 
TMRlL= Ox06; 
TlCONbits.TMRlON= 1; 
while(PIRlbits.TMRlIF= =0); 
TlCONbits.TMRlON=O; 
PIRlbits.TMRlIF= =O; 

II Timerl, 16 bit, no prescaler 
I I load Higher byte in TMRlH 
II Loaci Lower byte to TMR1L 
11 Start the timer for upcount 
11 Check for overflow 
11 Tl.lm off timer 
11 Clear the Timer 1 fl�g 

Q.9 Using pre scaler and post scaler, find the largest time delay 

that can be generated using timer 2. 

Ans.: Time delay using timer-2: 
U·O 

T2CON 

R··O .Rf.fJ .. o RIW··O 

#include <P18FXXXX.h> 
void TlDelay(void); 

. #define mybit PORTCbits.RC2 
void main (void) 

{ 

} 

TRISCbits.TRISC2=;:0; 
T2CON=OX7B; 
TMR2=0XOO; 
While(l) 

{ 
PB2=255; 

T2CbNbits.TMR20N= 1; 
While(PIR1bits.ThIR2IF= =O); 
mybit= -mybit; 

T2CONbits.TMR20N=O; 
PIR1bits.TMR2IF= =O; 

} 

� 

R/W'O RIW·O . RIW·O 

II Timer 2, prescale=post=16 

11 Load PR2 for highest value 
11 Start the timer 
11 Check for Timer 2 flag 
11 Toggle the bi:ts 
11 Tum off timer 
11 Clear the Time 1 flag 

A Guide for Engi11eeri11g Students 
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. Q.10 Draw and explain the interrupt structure of PIC18FXXX, what 

are peripheral Interrupts, IVT arid ISR. 

Q" [SPPU: May-22, Nov.-16, Marks 8] 
Ans. : Interrupt structure of PIC 

• An interrupt is a communication process to provide services to 
different internal and external devices by executing ISR (Interrupt . 
Service Routine). 

o A device 

o Requests the MPU. to stop processing 

o Internal or external. 

• TheMPU 

o Acknowledges the request 

o Attends to the request 

o Goes back to processing where it was interrupted. 

• Interrupts are -events that cause your program to stop what it is 
doing in order to run an Interrupt Service Routine which will 
handle the event by taking whatever action is required before 
finally returning control to your main program. 

• PIC 18 has two vectors : High priority Interrupt (0008 H) and Low 
priority (0018H) 

• Interrupts require special functions to service the events that cause 
them, 

Types of Interrupts 
The classification of interrupts in general is shown in Fig. Q.10.1. 

PIC18 Interrupt Sources 
• Interrupt Sources 

• 3 or 4 External Interrupts (INTO-INT3) 

o Edge triggered 

o Rising or falling selected in INTCON2 register. · 

� A <:;uidefor E11gi11eeri11g Studenrs 
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Interrupts 

r-
Hardware 

I 
i ·- -. 

Non-Maskable Maskable 

I 
• 

External 

sources 

I 

,l 
Internal 

sources 

Fig. Q.10.1 Interrupt types 

• PORTB interrupt on change (RB4 - RB7) 
• Timer rollover/overflow events 

• Comparator output change 

• AID conversion complete 

• Communication channel events 

• 

. 
Other peripheral events. 

t 
Software 

Interrupt Structure : The general block schematic of Interrupt 
structure is shown in Fig. Q.10.2. 

Repiicated for all ether maskable interrupts Other 

- - - - .. .. - -· - - _\. ··- - - - -
· 
- - - - - - - - � - ... ';�r:r���i: 31obal Interrupt Enable' 

Interrupt X 
s 

Interrupt X Enable·• 

i I I [, 
Q f.-9--1 ../ 

I 

I 
I 
I 
I 

(Reset by _g:� 
R I or program) · l.__ ----'-

Interrupt : 
flag· : 

I --------------------------------' 
Non-mas�k:_:a:::b::_:le:_ _______ _ __;:,._ ·-----interrupt 

• bits in a Special Function Register 

Fig. Q.10.2 General interrupt structure 

-- inputs to 

·
CPU 

) interrupt 
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According to the block schematic, the interrupt may occur due to reset 
by CPU or any other program execution used by different peripherals. 
The external interrupt on PORTB Lines (INT0-3) may be of high 
propriety and interrupts due to internal functions and peripherals are 
of low priority. When the CPU is interrupted either by external or 

internal interrupt; it sets the flag or theses interrupts are enabled by use 
of control registers. These interrupts are maskable interrupts. The 
vectored, internal or external interrupts causes the reset and a!! are 
enabled by use of Global interrupt enable bit in INCONO control 
registers. 

Q.11 Di'.lW and explain INTCON register used ln Interrupt of the 
PIC18F4550. 

Ans. : INTCON register 

The INTCON registers . are readable and writable registers, which 
contain various enable, priority and flag bits� 

,.-···:-··-··-�--··T·-·------··-�--·--····-�----·------·-·1·-·-----·-·c····--.,._,, ..... , ... ,. .. _ .. _,._ . ._T ... .,,, ....... .,.\ I RM-0 1 RM-0 I RM·O f W--0 R/W-0 1 R/W--0 I R/W--0 1RM-x ; 

r��!��:�(9J�Lµ��� I�IO,!.�=r�!-�l!��?>i�:J�!EI�fr1��if:J 
' . bit 7 ! . ! ! : ! l bit 0 : �.�� ____,,),__ --�--�--�--�••·•o••-•<·.�.·.om�wuN'•-·m,wmno,, 

• Bit 7 GIE/GIEH : Global Interrupt Enable bit, 

When IPEN = 0 : 

1 =Enables all unmasked interrupts 

0 =Disables. all interrupts 

When IPEN = 1 : 

1 = Enables all high priority interrupts' 

0 = Disables all high priority interrupts 

• Bit 6 PEIE/GIEL : Peripheral Interrupt Enable bit 

When IPEN = 0 : 

1 = Enabies all unmasked peripheral interrupts 

� A Guide for E11giueeri11g St11de11ts 
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0 = Disables all peripheral interrupts 

When !PEN= 1 : 
1 

· 
= Enables all low priority peripheral interrupts 

0 = Disables all low priority peripheral interrupts 

• Bit 5 TMROIE : TMRO Overflow Interrupt Enable bit 
1 = Enables. the TMRO overflow interrupt 

0 = Disables the TMRO overflow interrupt 

• Bit 4 INTOIE : INTO External Interrupt Enable bit 
1 = Enables the INTO external interrupt ' 

0 = Disables the INTO external interrupt 

• Bit 3 RBIE : RB Port Change Interrupt Enable bit 
1 = Enables the RB port change interrupt 

0 =Disables the RB port change interrupt 

• Bit 2 TMROIF : TMRO Overflow Interrupt Flag bit 

1 = TMR.0 register has overflowed (must be cleared 
in software) 

O = TMRO register did not overflow 

• Bit 1 INTOIF : INTO External Interrupt Flag bit 

1 = The INTO external interrupt occurred 

(must be cleared in software) 

0 = The INTO external interrupt did not occur 

• Bit 0 RBIF : RB Port Change Interrupt Flag bit 

� 

1 =At least one of the RB7:RB4 pins changed state· 
(must be cleared in software) 

I 

0 =None of the RB7:RB4 pins have changed state 

A G11idefor E11gineeri11gSt11dents 
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Q.12 Draw and explain PIRl register used In Interrupt of the 
PIC18F4550. 
Ans. : PIR Registers 
The PIR registers contain the individual flag bits for the peripheral 
interrupts. Due to the number of peripheral interrupt sources, there are 
two Peripheral Interrupt Flag Registers (PIRl, PIR2). 

PIR1 .: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 1 
R/W-0 R/W-0 R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0 

(ISPIF ! ADIFM_' ric�-:w���1"i�iE:�1�s!i�=�TTMR3:!.J������-��:J 
�1 �o 

• Bit 7 PSPIF(l) : Parallel slave port read/write interrupt flag bh 

1 = A read or a write operation has taken place 

0 = No read or write has occurred 

• Bit 6 ADIF : AID converter interrupt flag bit 

1 = An AID �onversion completed 
(must be cleared in software) 

0 = The ND conversion is not complete 
· 

• Bit 5 RCIF: USART receive interrupt flag bit 

1 = The USART receive buffer, RCREG, is full· 
(cleared when RCREG is read) 

0 = The USART receive buffer is empty 
• Bit 4 TXIF: USART transmit interrupt flag bit 

1 = The USART transmit buffer, TXREG, is empty 

(cleared whenTXREG is written) 

0 = The USART transmit buffer is full 
• Bit 3 SSPIF : Master synchronous serial port interrupt flag bit 

1 = The transmission/reception is complete 
(must be cleared in software) 

� A Guide for E11gineering St11dents 
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0 = Waiting to transmit/receive 

• Bit 2 CCPlIF: CCPl interrupt fl�g bit 

Capture mode : 

1 = A TNIRl register capture occurred 

(must be cleared in software) 

0 = No TMRl register capture occurred 

Compare mode : 
1 A TMRl register compare match occurred 

(must be cleared in software) 
0 No TMRl register compare match occurred 

PWM mode: 
Unused in this mode 

• Bit 1 TMR2IF : TMR2 to PR2 Match interrupt flag bit 

1 = TMR2 to PR2 match occurred 

(must be cleared in software) 

0 = No TMR2 to PR2 match oc.curred 

• Bit 0 TMRlIF : TMRl Overflow Interrupt Flag bit 

1 = TMRl registe:: overflowed 
(must be cleared in software) 

0 = MRl register did not overflow 

' 

Q.13 Draw and explain the legacy . and priority mode of PIC 
interrupts. Ba" [SPPU: May-18, Marks 8) 

Ans. : The PIC miCrocontroller has the two types of interrupts as 
High priority and low priority depending on the internal and external 
sources. 

� A G11ide for Engi11eel'i11g St11de11ts 
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Interrupt structure (legacy mode) (internal operations) 

1. Operates on the internal operations as reset (MCLR), data 
(RB7) and clock (RB6) signals. MCLR is used for device reset 
and RB6 for serial clock, RB7 for serial data. 

2. Even when the dedic::ited port is enabled, the ICSP functions 
remain available through the legacy port. When VIHH is seen 

. . 

on the MCLR/VPP/RE3 pin, the state of the ICRST/ICVPP pin 
is ignored. 

3. The ICPRT Configuration bit can only be programmed through 
the default ICSP port (MCLR/RB6/RB7). 

4. The power-managed Sleep mode in the 

PIC18F2455/2550/4455/4550 devices is identical to the legacy 
Sleep mode offered in all other PIC devices. 

Fig. Q.13.1 shows interrupt strucfure in legacy mode. 
TMROI 

TMROIE 

Other core 

Interrupts 

Other 
peripheral 
interrupts 

�-----Wakeup 

I to CPU 
I 

Vector to 
GIE 0 x 0008 

Fig. Q.13.1 Interrupt structure (legacy mode) 

Interrupt 
to CPU 

The CPU is interrupted by either by use of software interrupt as timer 
0 enabled by TOCON register of any other core i�terrupts. The other 
sources used TIMERl in: CCP modes will be· enabled by TMRlIE bit 

of TlCON register. Also the other internal peripherals such as ADC, 

� . A G11ide for E11gi11eeri11g 'Stmlents 
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USART and so on. These interrupt requires the authentication and will 

be enabled by uses of PEIE bit in INTONO. The 'CPU is interrupted 

only when GIE bit. of INCONO is set either for low priority. 

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-x 

L��:���1::..����:J��?.�-�T��.L�� ..... l����IF _l��] 
bit 7 bitO 

Interrupt structure (Priority mode) (External operath.:·n) 

The PIC l 8FXX2 devices have multiple interrupt sources and an 
interrupt priority feature that allows each interrupt source to be 
assigned a high priority level or a low priority level. The high priority 
interrupt vector is at 0008h and the low priority interrupt vector is at 
00 l 8h. High priority interrupt events will over-ride any low priority 
interrupts that may be in progress. The, general block diagram of 
Priority mode is shown in Fig. Q.13.2. 

· 

• 
• 
• 
• 
• 
• 
• 
.. 
• 

IP

IE � 
IF 

INTOIF-. r- INTOIE 

I 
GIEL 

Vector to O x 0008 

High priority 
interrupt CPU 

Wakeup to CPU 

· Low priority 
interrupt to CPU 

Vector to O < 0018 

Fig. Q.13.2 Interrupt structure (priority mode) 

�
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• Each interrupt source, except INTO, has three bits to control its 
operation. The functions of these bits are : 
1. Flag bit to indicate that an interrupt event occurred. 
2. Enable bit that allows program execution to branch to the 

interrupt vector address when the flag bit is set. 
3. Priority bit to select high priority or low priority. 

Interrupt handling steps : 

• The interrupt priority featur� is enabled by setting the IPEN bit 
(RCON<7> ). When interrupt priority is enabled, there are two bits 
which enable interrupts globally. 

• Setting the GIEH bit (INTCON<7>) enables all interrupts that have 
the priority bit. set. Setting the GIEL bit (INTCON<6>) enables all 
interrupts that have the priority bit cleared .. 

• · When the interrupt flag eriable bit and appropriate global interrupt 
enable bit are set, the interrupt will vector immediately to address 
000008h or 0000 l 8h, depending on the priority level. 

• Individual interrupts can be disabled through their corrt:sponding 
enable bits. 

• When the processor receives the interrupt request, it completes the 
current instruction before jumping to the interrupt vector. 
Instruction execution in the PIC microcontroller can be one or two 
cycles long and when added to the two-instruction delay for calling 
the interrupt handler, the total delay (which is known as interrupt 
latency) is three or four instruction cycles. 

Q.14 Write note on PORTB interrupt on Change. 

Ans. : PORTB Interrupt-on-Change 
• An input change on PORTB<7:4> sets flag bit, · RBIF 

(INTCON<O> ). The interrupt can be enabled/disabled by 
setting/clearing enable hit, RBIE (INTCON<3> ). Interrupt priority 

for PORTB interrupt-art-change is determined by the value 
contained in the interrupt priority bit, RBIP (INTCON2<0>). 

·� A G11idefor E11gineeri11g St11dents 
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• · External interrupts on the RBO/AN12/INTO/FLTO/SDI/SDA, 
RB1/AN10/INT1/SCK/SCL and RB2/AN8/INT2NMO pins are 
edge-triggered. If the corresponding INTEDGx bit in the 
INTCON2 register is set(= 1), the interrupt is tdggered by a rising 
edge; if the bit is clear, the trigger is on the falling edge. When a 
valid edge appears on the RBx!INTx pin, the corresponding flag 
bit, INTxIF, is set. This interrupt can be disabled by clearing the 
correspol).ding enable bit, INTxIE. Flag bit, INTxIF, must be 
cleared in software in the Interrupt Service Routine before re
enabling the interrupt. 

• All external . interrupts (INTO, INT 1 and INT2) can· wake-up the 
processor from the power-managed modes if bit, INTxIE, was set 
prior to going into the power-managed modes. If the Global 
Interrupt Enable bit, GIE, is set, the processor will branch to the , 
interrupt vector following wake-up. . 

• Interrupt priority for INTI and INT2 is determined by the value 
contained 1n the interrupt priority bits, ·INTlIP (INTCON3<6>) 
and INT2IP (INTCON3<7> ). There is no priority bit associated 
with INTO. It is always a high priority interrupt source. 

Q.15 Write an embedded C program to generate the delay of 100 
ms using Timer Interrupt Program for Fosc = 48 MHz .. 

Ans.: 

Step1 : CALCULATIONS of Delay (use Tmer 0 ,16 bit mode) 

*required delay= lOOms 

* TMR value = OxFFFF - [(required time)/(4*Tosc*Prescaler)] 

= OxFFFF • [(0.1 *48000000)1(4*256)] 

= OxFFFF - Ox124F 

* TMRO = OxEDBO 

* TMRH = OxED 

* TMRL = OxBO 

or 

Note : SFRS used - No need in the exam. 
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RCON Register 
r--�y-·-----r---�-,�-·-,---···-�·"·,-�--��-"y"·-�·····, 

f !PEN l SBOREN j - i RI 1 TO : PD : PqR l BOR : 
t..,..,..,,,,,.,,.,...,....,......,..,�""'bw.WNV.V.!'NN,,.,,,,,...,,,,,;...,,,...,L.,...,.,. .. ,,,.......,.........J._..,, . .,_.,....,.,..._.,.......,,....,;�,.,_,..........._...,�,....._,...,,.,,,.._.,.,.,._.,,__.,..._�._.,,w...,,,..,.,.,.,_...,,.,,,.,,._..,J,,._._,_.,._.,._.,,,.,, .. w..,,•,,_-,,,....J 

INT CON 

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-x 
r''"'-·---�, -�--�T·--"""'"'"']"�-•"w.w.-""T····-w---�""'"fw.,-,,"�""'�-···'T""'"""""""""T'"""".,,""""'"""'( 

l,?IE1::i:_�J::�IE_1:� .. �..?.':.. .!..:.:!.�_1:.,,L.��-�L.::::::�::J ... �.::�:: L�� ...... . : 
TOCON : Timer O control re9ister�8 bit 

87 

1 = Enables 1imer0 
O = Stops TimerO ·• 

86 

1 = 8 - bii Timer/Counter J 
O = 16 ·bit Timer/Counter 

85 

1 = Failing edge 
O = Rising edge 

Program: 
' 

void main(void) 

{ 
TRISB = OxOO; 

LATB = OxFF; 

RCONbits.IPEN = 1; 

INTCONbits.GIEH = 1; 

INTCONbits.GIEL = 1; 

INTCONbits.TMROIE = 1; 

INTCONbits.TMROIF = O; 

INTC0Ij2bits.TMRO-IP = O; 

TOCON = Ox07; 

TMROH = OxED; 

TMROL = OxBO; 

TOCONbits.TMROON = 1; 
while(1); 

� 

84 83 82 

1 " No Prescaler 
O =

· Prescaler Assigned 

II Port B as output 

11 Priority Enable 

// High priority Interrupt 

81 80 

011=1:16 
010=1:8 
001"1:4 
000 = 1:2 

11 Enable Low priority interrupts 

11 Enable Timer 0 interrupts 
11 Disable Timer flag 

11 Disable TierO Priority 

II Stop the timer, Run in 16-bit .node, 
//Use system clock, Use a 1:256 prescaler 

11 Load Timer 

11 Start the timer 
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} 
void interrupt low_priority timerinterrupt(void) 

{ 

} 
} 

if(TMROIF = = 1 )//If timer 0 interrupt flag is set ..... 
{ 

T.OCONbits.TMROON = O; II Stop the timer . 

INTCONbits.TMROIF = O; 

TMROH = OxED; 

TMROL = OxBO; 

LATB =-LATB; 
TOCONbits.TMROON = 1; II Start the timer 

Q.16 Explain the concept of CCP module with CCPX Control 
register in detail. 

Ans. : Captu.re, Compare and PWM (CCP) Modules : 

Each CCP (Capture/Compare/PWM) module contains a 16-bit register 
which can operate as a 16-bit Capture register, as a 16-bit Compare 
register or as a PWM Master/Slave Duty Cycle register. 
• Capture, Compare and Pulse Width Modulation (PWM) module is 

associated with a control register (CCPxCON) and a data register 
(CCPRx). 

• The data register in tum consists of two 8-bit register· : CCPRxL 
and CCPRxH. 

• The CCP modules utilize Timers 1, 2, 3, or 4, depending on the 
module selected. 

• CCPRlH (high) and CCPRlL (low) 

• 16-bit Capture register 

• 16-bit Compare register 
• Duty-cycle PWM register 

• Timer 1 used as clock for Capture and Compare 
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• Timer 2 used as clock for PWM 

· • The assignment of a particular timer to a module is determined by 
the bit 6 and bit 3 of the T3CON register 

• Following table shows the assignment of timers for CCP modes 

CCPxCON register 

7 6 5 4 -1 0 
!" � ? 

·�.....,.......-.,....,..,-, .. 'f"mmn.•.w,.....,....,_,t'""'.....,..,....,WNMN· ........ �,�,....., ... ...,_w . ...,... ....... w?-w. 

! - i - l ocxBt I oc:illo l cci>xM3 : ccPxM2 i · CCPxMI f cCPxMO �u,.,..,L.,.......,.J...., . ....,...,,.....,,.,,,....N.,w,, w,•ffMM'.WNh\�'=IYNN<o'NNM""...,..,VJ,. . ..,...,_..,,, . ..,.,,.,....,. , .,...,•,v.-,v.i.,.,._.,....,_.,..,__., ,...,.....,....,.,,J......._.,.,....w,,w . .,.,,....,,.• ..... 

value after 0 0 0 0 0 0 0 0 
reset 

DCxB 1 : DCxBO : PWM duty cycle bit 1 and bit 0 for CCP module x 

Capture mode : unused 

Compare mode : unused 

PWM mode : These two bits are the LSB's (bit 1 and bit 0) 
of the 10-bit PWM duty cycle. 

CCPxMJ: CCPxMO : CCP module x mode select bits 

0000 

0001 

0010 

0100 

0101 

0110 

�® 

Capture/compare/PWM disabled (resets CCPx module) 

Reserved 

Compare rnode, toggle output on match (CCPxIF bit is set) 

Capture .mode, every falling edge 

Capture mode, every rising edge 

Capture mode, every 4th rising edge 

.d r:11irlo f11r r:'11oi11ao1•i11a C:t1u/ouf!;;: 

''.-�' ·',·! .. ,·�· ;' 1 

''.. 
:.� :,: 
'. l�'' : 
:i 
" 

·: 

. ·i1f 
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0111 = Capture mode, every 161h rising edge 

1000 Compare mode, initialize CCP pin low, on compare match 

force CCP pin high (CCPxIF bit is set) 

1001 Compare mode, initialize CCP pin high, on compare match 

force CCP pin low (CCPxIF bit is set) 
1010 = Compare mode, generate software interrupt on compare 

match(CCP pin unaffected, CCPxIF bit is set). 
1011 = Compare mode, trigger special event (CCPxIF bit is set) 

For CCPl and CCP2 : Timer 1 or Timer 3 is reseton event 

For all otb.er modules : CCPx pin is unaffected and is configured as an 
I/O port. 

1 lxx = PWM mode 

Q.17 Explain in detail with block sch�matic capture mode of CCP 
module. � (SPPU: Dec-17, Marks 8, Nov-16, Marks 6] 
Ans. : CCP in the capture mode 

• CCPRl captures the 16-bit value of Timer 1 : When an event 
occurs on pin RC2/CCP1. 

• Interrupt request flag bit CCPlIF is set : Must be cleared for the 
next operation 

• To capture an event 
o Set up pin RC2/CCP1 of PORTC as the input 
o Initialize Timer 1 : Tl CON register 
o Initialize CCPl : CCPlCON register 

• 

· The PK18 event can be one of the following: 
1. Every falling edge 
2. Every rising edg7 
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3. Every-4th rising edge 
4. Every 16th rising edge 
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The.block diagram of CCP in capture mode is shown in Fig. Q.17.1 
Setflag bit 

CCPx!F 

O's CCPxCON<3:0> 
Fig. Q.17.1 Capture mode 

• When a capture is made, the interrupt flag bit, CCPxIF is set. 
[PIRl register] 

• The CCPxIF flag must be cleared by software. 
• In capture mode, the CCPx pin must be configured for input. 
• The t.!mer to be used with the capture mode must be running in 

timer mode or synchrono1:1s counter mode. 
• To prevent 'false interrupt, the user must disable the CCP module 

when switching pre-scaler. 
• The contents of TMR3H : TMR3L OR TMRlH : TMRlL are 

loaded into CCPRX register. 
• PI�l register 

y., ....... .....,......, ..... ,._.,,..,,,.,...,......,..,..,,.........,,,. __ �. __ ,,.,..,,. ... ,.,,,, ............. ...........,,,_.,,,.,,,,�,,_.,�,,,.,..,.,.,.....,,.,,w,..,....,........,.,..., .. ,,., .. ,._r...,,,.,...,,,.,.,·..,,....,.,,,.,..,,._w,............., ........ ..,,,w_•,•....,.·,., •. ..,,,,, 

! B7 i B6 i BS i B4 ·1 B3 : B2 i Bl . ! BO I 
f'"i>sprftii1-,-;.;;i,-i-Rcrr�t TXIF ·-·+-SS;ffi-ccP;IT-,�ThWff·-t rMi�rr-'i 
�,.,-.-,.·-•'•"W'-Lw.•�··••-.l--.•-'·"--·.Lwww,-� .• -t-w.·-w•"'•w.l�-·�--�.--J:"•"'""·"'"'"··�L,, . .,,•""'"'·-·"'···J 
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Q.18 Explain the compare mode of PIC in details 

S' [SPPU : May -18, Marks 8, Nov.-16, Marks 6) 

Ans. : CCP in compare mode 
· 

• In compare mode, the 16-bit. CCPRl {CCPR2) register value is 
constantly compared against· eit�er the TMRl register pair value, 
or the TMR3 register pair value. When a match occurs, the 
RC2/CCP1 (RC1/CCP2) pin is : 
1. Driven high 
2. Driven low 
3. Toggle output 
4. Remains unchanged [Interrupt flag bit CCPIIF is set). 

• The action on the pin is based on the value Of control bits 
CCP1M3:CCP1MO (CCP2M3:CCP2MO). At the same time, 
interrupt flag_bit CCPl IF (CCP2IF) is set. 

• Fig. Q.18.1 shows block diagram of CCP in compare mode. 

To set up CCP1 in compare mode 

I. Set up pin RC2/CCP1 of PORTC as output 

2. Initialize timer 1 or 3 and CCPl 

3. Stores the sum in the CCPRxH : CCPRxL register pair : Clear 
the flag CCPlIF. 

Special Event Trigger 

• The CCP 1 and CCP2 modules can also generate thi.s event to reset 
TMRl or TMR3 depending on which timer is the base timer. The 
basic difference between capture and compare mode is that, in 
capture mode event· is detected and then according to the flag 
contents of timer 1 or 3, is transferred to CCPRx register. But in 
compare mode the contents of timer 1 or 3 are compared with 
CCPRx regist�r and when match found flag is raised to detect the 
event on CCPx pin. 

.. �·- ·--......® 
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Fig. Q.18.1 CCP compare mode 

Q.19 Explain in detail with block schematic PWM mode in CCP 

module. .1(1" [SPPU: May-17, Nov.-15, Marks 8) 

Ans. : PWM mode 

• CCP in PWM mode uses the tmer 2 to generate a pulse wave form 

for a given frequency/duty cycle. Duty cycle is the key 

performance measurement factor. It uses the CCPRx and PR2 

register. PR2 is an 8-bit period register (PR2) whose value remains 

fixed. TMR2 increments from 00 to the value equal to PR2, 

TMR2IF flag from PIRI reg. is raised and TMR2 reset to 00.The 

clock source for TMR2 is Fosc/4 for both prescaler and postscaler · 

options. Fig. Q.19.1 shows block diagram for PWM mode. (Refer. 

Q.19.1 on next page) 
• To begin with the PWM mode the CCPx CON < 0:3> bits are set 

to 1 l:XX and Pin RC2/CCP1 of PORTC is set high. The required 
duty cycle is obtained using CCPxCON<4:5> bits according to the 
waveforms shown in Fig. Q.19.2. (Refer Q.19.2 on next page) 

� 
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"-' · 

f11Q I ·  

"CPxCOl\!<5:4" } ._,. ·n "1me 
111111 (dc<yoy<<o)� 

D"Ooycl• 
,--A--, 
I TMR2 = CCPRxH:2 
:LSB ! =r 

I Corresponding 
TRIS bit 

�:: I I 
I 
I 

TMR2"' PR2 
I 
I 

TMR2 = PR2 
, ____ __ 

Bits frorn 
Period 

jnternal Q clock _,-
or fro1n Prescalar __....----· 

----------} Period,..--

Fig. Q.19.1 PWM Mode 

50 % DC 
__fl_J - Ul_J 

75%[JC � 

100%DC _j 

Fig Q.19.2 Duty cycle variations (Need to draw) 

• The PWM mode uses timer 2 whose value is compared with the 
period register PR2 when match is found sets the FF and PWM 
wave is obtained on RC2 pin. At the same time it is set by match 
with contents of CCPRl register.· The PWM mode uses different 
SFRs as CCPxCON, T2CON, PIRl and TMR2 is cleared 
CCPRxL. The configuration of PWM mode follows the following 
steps. 
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Step 1 : Calculation of PR2 = [ Tpwm I * 4 * TOSC * N] -1 

N = Presale factor 2,4, 16 (if not mentioned by default 16 and 
TOSC=O.l µs]. Choose Pre scaler [TMR2PRE] to ensure that 
PR2 is in the range of 0 to 255 for . the desired PWM 
frequency. 

Step 2: Calculating the CCPRLl value (Lower 8 bits)=_% D * PR2 

Step 3_: PWM duty cycle = (CCPRxL:CCPxCON<5:4>) * TOSC * N 

DCpwm = %DC*Twpm = Desire.i-PWM Duty Cycle (time, not%) 

Step 4 : CCPxCON<5:4> for duty cycle bits to be set i_n CCPxCON 
register 

Q.20 Write an embedded C program for 2.5 kHz and 75 % duty 
cycle PWM generation with N = 4 

Ans. : PWM Generation 

Assume that Fosc = 10 MHz 

Step 1: Find value of PR2 

Q' [SPPU: Dec-18, Marks 8, Dec-1'7, Marks 8] 

�R2= [fosc/fpwm*4�N] -1=[10 MHz/2.5 kHz*4*4] -1 =249; 

- Step 2: Find yalue of CCPRlL 

CCPRxV= PR2*DC= 249*0.75= 186.75-186; 
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87 86 85 84 83 B2 Bl 

1111=1:16 
1110=1:15 

I 
0001 = 1 :2 
0000=1:1 

Step 3 : Set 'the TMR2 pre-scaler value, then enable TMR2 by writing 
toT2CON • 

T2CON=Ox01;(pre-scaler=4 00-1:1, 01-1:4; and lX-1:16) 00000001 

Step 4 : Configure the CCPx module for PWM mode set DC 1B2 and 
DClBl (or decimal portion of the duty cycle. 

CCP1CON=Ox3C;(CCPxCON<5:4> =11for75% DC&l lXX--PWM) 
87 86 85 84 63 82 

Program: 
#include <Pl8F458.h> 
Void main (void) 

{ 
CCPlCON=O; 
PR2=249; 
CCPR1L�l86; 
TRISCbits.TRISC2=0; 
T2CON=Ox01; 
CCP!CON=Ox3C; 

TMR2=0; 
T2C0Nbits.TIMER20N= 1; 

While (1) 
{ 

� 

//clear the Reg 
11 load the PR2 value 
II 10% DC 
/I make PWM pin output · 

. II Timer 2, 4 prescalar, no post scalar 
II PWM mode 11 for DC1Bl:DC1BO for 

. // 75% duty cycle 
// Clear timer 2 
11 START TIMER 2 

// Check for the timer fiag 
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PIR1bits.TMR2IF=O; 
While (PIR1bits.TMR2IF= =O); 

} 
} 
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// clear timer 2 flag. 
//wait for end of period 

Q.21 Write an embedded C program for 1 kHz and 10 3 duty cycle 
PWM generation. Qr [SPPU : May-22, Marks 8,M?_v-15,16, Marks 8) 

Ans. : PWM Generation 

Assume that F osc = 10 MHz, If presclar is not giwn then N = 16 
Step 1 : Find value of PR2 

PR2 = [fosc/fpwm*4*N]-1= [10 MHz/1kHz* 4 * 16] -1 =156; 
Step 2: Find value ofCCPRlL · 

CCPRxL = PR2*DC= 155*0.1= 15.6-16; 
Step 3 : Set the TMR2 pre-scaler value, then enable TMR2 by 
writing to T2CON 

T2CON = Ox02; �pre-scaler=16 00- 1:1,01-1:4; 
and 1X-1:16)0000001x 

Step 4 : Configure the. CCPx module for PWM mode set DC 1 B2 and 
DC 1B 1 for decimal po1tion of the duty cycle. 
CCPlCON = OxOC; (CCPxCON<5:4> = 00for 10% DC 

and 1 lXX-PWM) 
Program: 

#include <P18F458.h> 
Void main (void) 

{ 
CCPlCON=O; 
PR2=155; 
CCPR1L=16; 
TRISCbits. TRISC2 = O; 
T2CON=Ox02; 
CCPlCON=OxOC; 

TMR2=0; 

T2CONbits.TIMER20N = 1; 
While (1) 

'{ 

,-� � 

// clear the Reg 
// load the PR2 value 
// 10 %DC 
·'I make PWM pin output 
II Timer2, 16 prescalar, no post scalar 
// PWM mode 00 for DC1Bl:DC1BO for 
II 10 % duty cycle 
// Clear timer2 

//START TIMER2 

11 Check for the timer fl;,,_g 
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PIR1bits.TMR2IF=O; 

While (PIR1bits.TMR2IF= =O); 

} 
} 
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// clear timer2 flag. 

//wait for end of period 

Q.22 Explain various techniques to interface the DC motor for 

speed control with PIC controller. 

Ans. : Speed control of DC motor 
PWM (Pulse Width Modulation) : 
• The speed of the motor depends on three factors; load, voltage and 

current. For a given fixed load we can maintain a steady speed by 
using a method called Pulse Width Modulation (PWM). By 
changing the width of the pulse applied to the DC motor we can 
increase or decrease the amount of power provided to the motor, 
thereby increasing or decreasing the speed. 

• Pulse-Width Modulation (PWM) or duty-cycle variation methods 
are commonly used in speed control of DC motors. The duty cycle 
is defined as the percentage of digital 'high' to digital 'low' plus 
digital 'high' pulse-width during a PWM period. Fig. Q.22.1 shows 
the 5 V pulses with 0 % through 50 % duty cycle. 

- + 5 Volts 

0 Volts 111111 ·11111 
Duty cyc!e {% 50 % 

Fig. Q.22.1 Pulses with O % th�ough 50 % duty cycle 

• The average DC voltage value for 0 % duty cycle is zero; with 
25 % duty cycle the average value is 1.25 V (25 % of 5 V). With 
50 % duty cycle the average value is 2.5 V _and if the duty cycle is 
75 %, the average voltage is 3.75 V and so on. The maximum duty 
cycle can be 100 %, which is equivalent to a DC waveform. Thus 
by varying the pulse-width, we can vary the average voltage across 
a DC motor and hence its speed. The speed of DC motor can be 
controlled using variety of methods as shown in Fig. Q.22.2 to 
Fig. Q.22.4, out of which H-bridge is mostly preferred. 
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• NPN transistor speed control : When motor js off, parallel diode 
acts as freewheeling for dissipation of energy. 

+5V 

D 

Pulse o----/\.f\Mr--1-1 

Fig. Q.22.2 NPN transistor speed control 

• Low value register to contJiol the speed : The series resistance 
controls the drop and effective flow of current. 

• Fig. Q.22.3 Low value register to .control the speed 

� 

Zener diode 
ADC·voltage 

reference 

Motor power 

t 
·- { Low value 

resislor 

-=: 

Fig. Q.22.3 : Tr�nsistor control 
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• H- bridge speed control 
Motor power 

-- I 
·1, . l 

2 

3 

_, r 
Fig. Q.22.4 H-brldge control 

• In this application a fairly complex control application is used 
which allows forward and reverse, as well as speed control, of a de 
motor using the full H-bridge circuit as shown in Fig. Q.22.4. 

Q.23 Explain various steps used in PWM control of DC motor 
interfaced with PIC using H bridge 

Ans.: Setup for PWM DC motor control 
• The following steps should be taken when configuring the CCP 

module for PWM operation : 

1. Set the PWM period by writing to the PR2 register. 

2. Set the PWM duty cycle by writing to the CCPRlL register a?-d 
CCP1CON<5:4> bits. 

3. Make the CCPl pin an output by clearing the T RISC<2> bit. 
4. Set the TMR2 prescale value and enable timer 2 by writing to 

T2CON. 

5 . .  configure the CCPI module for PWM operation 
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• Usually H-bridge is preferred way of interfacing a DC motor. 
These days many IC manufacturers have H-bridge motor drivers 
available in the market like L293D is most used H-Pridge driver 
IC. H-bridge can also be made. with the help of transistors and 

· MOSFETs etc. rather of being cheap, they only increase the size of . 
the design board, which is sometimes not required so using a small 
16 pin IC is preferred for this purpose. 

Working theory of H-bridge : 

• The name "H-bridge" is derived from the actual shape of the 
switching circuit which controls the motion of the motor .. It is also 
known as "full bridge". Basically there are four switching elements 
in the H-bridge as shown.in the Fig. Q.23. L 

··Motor power(+) i 
I 

-+�-
Low side 1 Motor 1 Low side 

<••l y "''"" 
Motor ground (-) 

High side 
(left} 

Low side 
(left) 

Motor pqwer (+) 

·I 
l o'/ High side 

(right) 
I 

·� l Motor Mb L�w s1�e 

Yir; (right) 

�u Current flow when 
I;) both high side left 
·· and low side right 

Motor ground (-} are switched "ON" 

· Fig. Q.23.1 H bridge PWM speed control 

• As can seen in the Fig: Q.23. 1. there are four switching elements 
named as "high side left", "high side right", "low side right", "low 

· 
side left". When these switches are turned on in pairs, motor 
changes its direction accordingly. Like, if we switch on high side 
left and Low side right then motor rotate in forward direction, as. 
cu�ent flows from ·power supply through the motor coil goes to 
ground via switch low side right. When you switch on low side left 
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and high side right, the current flows in opposite direction and. 
motor rotates in backward direction. This is the basic working of 
H-bridge. 

Uses the PWM mode to control the speed 

• Uses the timer 2 with increased frequency either internal or 
external. The transistorized speed control is shown in Fig. Q.23.2. 

Vod 

SPDT 

t 1 

.. -.. ·-- -· i 0�1 T. 
.
..

.......
..... .-1�. 

j !;.I- \ 
\ \ 
! I l 

-;:, 

VrJd • 

'J 10 f?\l, .. � ........ ..... ,,\,�v·� iN9!4 
l 2No90.S ! I 
<l i 

r··· .. ······1····· 

1()0 _Li/\ l. 
v'vV1r 

� �N'.>14 

VcM 

' ·11J\) l Vl/v\--i1 i' 
6.0V 

··
.':." 

1 
ZN3S04 r---: ;;.NJS(l4 1 I 

_ _Jj I ·=�======::::::;==:::::::. L·--····-- -· 

Fig. Q.23.2 PWM speed control 

Q.24 Draw an interfacing diagram to interface the DC motor with 
PIC 18FXXX for speed control using PWM, ·Also. write an 

, embedded C program for increasing and decreasing speed with 
interrupt using key. � [SPPU: May-15, Marks 8] 
Ans. : Interfacing of DC motor with PIC. 

, The interfacing diagram of DC motor with speed control using PWM 
mode of-CCP is shown in Fig Q.24.1. 
Program: 
Assume that .Fosc = 10 :MHz, Use presclar N = 4, Duty cycle = 10% 
PWM frequency = 2.5 kHz 

� ' 
Step 1 : Find value of PR2 

PR2= [fosc/fpwm*4*N] -1= (10 MHz/2.5 kHz * 4 * 4)- 1 
= 249 or 
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OxF9; 

""4-:..�l 
' 

wo rn·� 
! 

'�® 

�r 

?IC16F4!50 

''i<\ .. 
, ... �:�L ....... : 

,:J'J" 

<\<;'.:'. .. , 

,'ci:�o 

t�! "'�-.�.::�.� .. . .. . . .. . .. . . .... ........ ! , 
I 

\ I l.<;iiSf> 

i .. .
. r . . i 
� 

; .. �:.(0 -'-----+-:<i ........, 

Fig. Q.24.1 DC motor PWM speed control using IC 293 

Step 2 : Find value of CCPRlL 

CCPRxL= PR2*DC= 249*0.1= 24.9=24 or Ox18. 

Step 3 : Set the TMR2 pre-scaler value, then ena ble TMR2 by 

writing to T2CON 

T2CON = OxO 1; (pre-scaler= oo .. 1 : 1, 01-1 :4; 

and lX- 1:16)] OOOOOOlx 

�J . .r.�:..:·� 
�;:. -: 

Step 4 : Configure the CCPx module for PWM mode set DC 1B2 

and 

DClBl for decimal portion of the duty cycle. 

CCPlCO�'IJ"=OxOC; (CCPxCON<5:4> =00 for 10% DC and. 

llXX--PWM) 

·1 
#include<p18f4550.h> 
unsigned char count=O; 
bit TIMER,SPEED UP; ., - ·  
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void intemipt timer interrupt(void) 

{ 
if (INTlIF) 

do ..... 

{ 
INTlIF = O; 
if(SPEED_UP) 

{ 
if(count < 8) 

{ 
count++; 

II If the external interrupt flag is 1, 

I I Reset the external interrupt flag 

CCPRlL = OxlB + (count* 25); //Increment duty cycle 

} 
els� SPEED_ UP = O; 

} 
else 

{ 
if(count > 0) 

{ 
count--; 
CCPRlL = OxlB + (count* 25); //Decrement duty cycle 

} 
else SPEED_UP = 1; 

} 
} 

} 
void main(void) 

{ 
TRISBbits:TRISBl = 1; 
TRISCbita.TRISC2 = O; 
CCPlCON = Ob00001100; 
CCPRlL = OxlB; 

T2CON = ObOOOOOOOl; 
PR2 = OxF9; 

INT1IE ,.; 1; 

�., -� 

11 interrupt pin as input 
//CCP1 pin as output 
//Select PWM mode 
//Duty cycle 10 % 

//Prescalar = 4; timer 2 -OFF 
//Period Register 

//Enable external interrupt INT1 
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} 

INTEDG1 = O; 

GIE; = 1; 
SPEED_UP = 1; 
TMR20N = 1; 
while (1); 

//Intern:.pt on falling edge 
I I Enable global interrupt 

//Timer 2 ON 
I /L9op forever 

Q.25 Draw and explain the block schematic of ADC in PIC 

18FXXXX with features 

U..- [SPPU: May-22, Marks 9, Dec.-17,18, Marks 8] 
Ans.: Features of ADC in PIC 18F4550 

• It has 10 bit ADC ( Resolution - 10 bit) 

• The ADC module can 12 channels associated with port A,E,B 

• The converted binary output data is held in two registers ADRESL 
andADRESH 

• Vdd- can be used as source for Vref or conn�cting to external 
device source 

• The conversion time is decided by Fosc- cannot be shorter than 
1.6 ms (40 :MHz) 

• It allows the differentiation of Vref +and Vref -

• All the features are programmed by ADCONO, ADCON 1 and 
ADCON2 

• The ND allows conversion of an analog input signal to a 
corresponding 10-bit digital number. 

• The ND module has five registers. 

ND Result High Register (ADRESH) 

iVD Result Low Register (ADRESL) 

AID Control Register 0 (ADCONO) 

ND Control Register 1 (ADCONl) 

ND Control Register 2 (ADCON2) 
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• The AID converter has a unique feature of being able to operate 
while the. device is in SLEEP mode. To operate in SLEEP, the AID 
conversion clock must be derived from the A/D's internal RC 
oscillator. 

• The output of the sample and hold is the input into the converter, 
which generates the result via. successive approximation. 

• The functional diagram of ADC in PIC is as shown in Fig. Q.25. l 
CHS3:CHSO 

� _ _ _  UJL _ .. , 
: r--""" 1100 i [8J AN12 t=='� 1011 : ""f2J AN11 

""" 1010: [8J AN10 I � ''o-:!001 : IZJ AN9 �""" 1000 : . IZJ AN8 i--., � 0.111 : . IZJ AN/11 
I ., 0110 I I!) ........ o ...,___;.-....... ____ JV'! AN6 , I � 
t--<. � AN5(1l 
1 � o·oo' 

I VAIN : t---" ' ·. : � AN4 
....._., ...... 0011 I .IV'! ' N.? (Input voltage) 

VCFG 1 :VCFGO I 

- - J L VD0'2J 

T - � . -·� '� � : h '·, 001b I AN2 : L - ' 0001 I : r 1 AN1 
: 1...-o 0000 I ANO 

� ... ::xoJ 
VREF -: ;,.-

0 "".°'��i�===--------
1 •v 0 '7ox 

I 

- - - - - _, 
1 
"'::- r2·1 vss· · 

Fig. Q.25.1 ADC functional diagram 
• A device RESET forces all registers to their RESET state .. This 

forces the AID module to be turned off and any conversion is 
aborted. 
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• Each port pin assoCiated with the A/D converter �an be configured 
as an analog input (RA3 can also be a voltage reference) or as a 
digital IIO. 

• The AD RESH and ADRESL registers contain the result of the AID 
conversion. When the AID conversion is complete, the result is 
loaded into the ADRESH I ADRESL registers, the GO/DONE bit 
(ADCON0<2>) is cleared, and AID interrupt flag bit, ADIF is set. 

• Channels are selected by use of '<'.:HS2:CHSO of DADCONO 
register 

• After the AID module has been configured as desired, the selected 
channel must be acquired before the conversion is started. The 
analog input channels must have their corresponding TRIS bits 
selected as an input. 

• An acquisition time can be programmed to occur between setting 
the GO/DONE bit and the actual start of the conversion . 

Q.26 Explain various registers used by ADC in PIC 18.FXXXX. 
Ans.: Various registers of ADC: 

1. ADCONO : AID control register 0 

The ADCONO register controls the operation of ·the· AID module. 
ADCONO register is used to set the conversion time and select the 
channels. For power saving ADC feature is turned off when power up . 
And turned on with ADON bit when required. GO/DOWN bit is used 
for start and monitor the end of conversion. 

U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 RIW·O R/W-0 

CHS3 I CHS2 I CHS! I CHSO. I GO/DONE I ADON 

bit 7 bit 0 

ADC ·control register 0 
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2. ADCON1 : AID control register 1 

The ADCONl register, configures the functions of the port pins. 
It is used to set the reference voltages. 

U-0 U-0 R/W-0 RIW-0 RJW.0'11 Riw'll Riw'll R!w'll 

- I- lvcFGI I VCFGO I PCFG3 I PCFG2 I PCFG I I PCFGO 

bit 7 bitO 

ADC control register 1 

3. ADCON2 : AID control register 2 

The ADCON2 register, configures the ND clock source, 
programmed acquisition time and justification. After conversion data 
in the ADRESL and AD RESH is right or left justified by ADFM bit 

R/W-0 

ADFM 

bit 7 

U-0 R/W-0 

I ... I ACQT2 

R/W-0 Riw-o R/W-0 

I ACQTI I ACQTO I ADCS2 

ADC control register 2 

Block schematic of ADC in PIC 18F4550 

R/W-0 R/W-0 

I ADCSI I ADCSO 

bit 0 

• The analog reference voltage is software selectable to either the 

device's positive or negative supply voltage (VDD and VSS), or 
' . 

the voltage level on the RA3/AN3/ · VREF+ pin and 

RA2/ AN2/VREF - pin. 

Q.27 Explain the block schematic of ADC result register In PIC 
18FXXXX with features 

J�ns. : ADC result register 

• The ADRESH : ADRESL register pair is the location where the 
10-bit ND result is loaded at the completion of the ND 
conversion. This register pair is 16-bits wide. 

� , __ _ 
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• The ND module gives the flexibility to left or right justify the 
10-bit result in the 16-bit result register. The AID format select bit 
(ADFM) controls this justification. 

• The operation of the ND result justification. The extra bits· are 
loaded, with 'O's. When an AID result will not overwrite these 
locations (ND disable), these registers may be used as tWo general 
purpose 8-bit registers. 

• Result registers are shown. in Fig. Q.27� 1 

ADFM•11 
,..----A--., 

7 2107 0 
I 0000 oo :1,�111rn1wim111.:miil 
'--y---1 '----..,,.-� 

ADRESH ADRESL 
� 

10-bit result 

Right justified 

' 

. ]ADFM = 0 
t 

,..----A--., 
7 0765 0 

. l!!Wiiirnr;:J!MJrH!Ii 0000 00 I 
� '--y---' 

ADRESH ADRESL 
� 

10-bit resu It 

Left justified 

Fig. Q.27.1 ADC result register 

Q.28 Expl�ln the use of PIC ADC to interface the temp sensor for 
m�a�uring temperature of room and display on LCD 

� [SPPU: May-17, Marks 8] 

Or Draw an interfacing diagram to Interface ADC and write an 
embedded C program to accept data on any channel. 

� [SPPU: Nov.-15, Marks 8] 

Or Draw an interfacing of temp sensor to PIC using serial ADC and 
lndicate excess temperature when exceeds the set point by LED. 

W [SPPU: May·16, Marks SJ 
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Note : Solution problem statements modified --- Interfacing diagram 
will change. 
Ans. : Sensor interface to ADC 

LM35 sensor is used for measurement of temperature. It is a precision 
integrated-circuit temperature sensor, whose output voltage is linearly 
proportional to the Celsius (Centigrade) temperature, It also gives the 

. I 
linearity of +10 mV/°C change in temperature. The LM35 does not 
require any external calibration or trimming to provide typical 
accuracies of ±1.4°C at room temperature. It can be used with single 
power supplies of 4 V to 30 V. It has very low self-heating as it draws 
only 60 µA from its supply. The LM35 is rated to operate over a 
- 55 °C to +150 °C temperature range. Normal temperature of cabin is 
as good as room temperature. 

The interfacing ofLM 35 with PIC is shown in Fig. Q.28.1 

•.j. "..:.\.�:���-

0,, 
. 

H;;I.' 

L-u---1 
: ·fi;; ?<,�:--i� : 

)::).';.µ�·) .... 
, ............. ! 

+ :""··········+ 

Om 

Pi('.�6�$77.4 

Fig. Q.28.1 (a) Interface with LCD display · 
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Set to 
2.56 v 

LM35 or 

LM 34 

<,. . 
S 2.5 K 

,------

10 K 
LM336 

Fig. Q.28.1 (b) Sensor Interface to PIC 

Program 
#include <p18f4550.h> 
#include <stdio.h> · 

#include "LCD_SIT.h" 
const unsigned char LCD_Datal[ ]={"ADC Value="}; 
void DisplayResult(unsigned short hexVal); 

void main() 
{ 

· unsigned char z=O,hexVal; 
TRISEbits.RAO,., l; 
TRISEbits.RAl = 1: 
Init_LCD(); 

APCONl=OxOE; 

// ADC channel 6 input 
// ADC channel. 7 input 

// Voltage Reference Configuration bit? 
// VSS, AID 
// Port Configuration Control bits -

11 DDDDAAAAAAAA 
APCON2=0xAE; //AID Result Format Select bit -

·//Right justified, 
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} 

//AID Acquisition Time Salect bits - 12 
//TAD, ADC conversion Clock Select bits· 
//FOSC/64 

Lcdcmd (Ox80); 
MSdelay (50); 
for (z=O·;z<10;z++) 
{ 
lcddata(LCD _Datal[z]); 

. MSdelay(50); · 

} 
while (1) 

{ 
ADCONObits.ADON = 1; 
ADCONObits.CHS = OxOO; 

ADCONObits.GODONE = 1; 

//AID On bit- on 
//Analog Channel Select bits? 
II ch n0-7(ADC1) 
//AID Conversion Status bit ... 
//conversion in progress 

while(ADCONObits.GO_DONE == 1 ); 
ADCONObits.ADON = O; //AID On bit· off 
DisplayResult(ADRES); 

} 

void DisplayRasult(unsigned short hexVal) 

{ 
unsignad chnr i,text[l6]; 
unsigned short tempv; 

tempv = hexVal; 

hexVal = (5200/1024)*tempv; 
· lcdcmd(OxBA); 
MSdelay(50); 
sprintf(text, "%04dmv'' ,hexV al); 
for(i=O;i <6;i + +) 

{ 
lcddata(text[i]); 
MSdelay(50); } 

lcdcmd(OxCO); 
MSdelay(50); 
for(i=O;i < 10;i + +) 
{ 
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if(tempv & Ox200) 
{ 
lcddata('1'); 
MSdelay(50); 

} 
else 

{ 
lcddata('O'); 
MSdelay(50); 

} 
tempv<<=l; 

} 
}--�������������������--�� 

Important Points to Remember 

1. PIC 18F has 4 timers, timer 0 : 8 or 16 bit, timer 1 and 3 : 16 
bits, timer 2 : 8 bit 

2. Each ti�er has its control register TCONx 

3. Timer is used to find the time delay. 

4. To increase the required delay pre and post scaling is used. 

5. Timer 0, 16 bit, TMROH is loaded first then TMROL 

6. Highest delay will be generated when TMROH=TMROL= OOh 

7. PIC18F4550 has 3 External Interrupts (INT0-2) 

8. Interrupts are categorized as Jow priority and high priority 

9. Interrupts can be edge or level triggered. 

10. INTCON is used to �nable or disable the interrupts globi:tllY 

11. Port B bits (RB0-2) are specifically used for detect any 
interrupt. change. 

12. Capture : The CCP pin can be set as an input to record the 
arrival time of a pulse. In this CCP module may use either 
timer 1 or timer 3 w operate. 

13. Compare : The CCP pin is set as an output anq at a given 

count, it can be driven low, high or toggled 
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14. Pulse Width Modulation (PWM) : Th� CCP pin is set as an 
output and the duty cycle of a pulse can be varied. In PWM 
mode, either timer 2 or timer 4 may be used 

15. The speed of the motor depends on three factors; load, voltage 
and current. For a given fixed load we can maintain a steady 
speed by using a method called Pulse Width Modulation 
(PWM). 

16. PIC 18F4550 has 10 bit resolution and 13 channels [Port A, B 
and E]. 

i 7. ADFM bit of ADCON2 is used to display the results in 
AD RESH : ADRESL. Left justified or right justified 

18. Required reference voltages are obtained using ADCON 1. 
19. ADC ONO is used to select the required channel. 

20. Sensors can be interfaced to PIC 18F4550 using ADC. 

Registers and SFRS used 
Special function registers for interrupts 
The INTCON Registers are readable and writable registers, which 
contain various enable, priority and flag bits. 

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-x 

c�i�;;���:1:·�i��;9·;�zJ�-i��i��.r;i�;�J:.�;����.I:����;�::L�i;,i�]::;:;i::J 
bit 7 bitO 

INTCON2 Register 

R/W-1 R/W-1 R/W-1 U-0 R/W-1 U-0 R/W-1 

: :·:.:�!;���J���P.q\:�I:�;P.9�·:J::··;·.]:::���;-I:�:�:::::L��;::·, 
ITCON3 Register 

R/W-1 R/W-1 U-0 R/W-0 R/W-0 U-0 R/W-0 R/W-0 

'--��1:.::[·�.:.'.:�--I�-��:.I:����I��-�-�::L���:.:I�"i���Iiiii�.�-�:J 
\. bit 7 bitO 

= ·=�F"'-""""""""' ______ ..__....,....,..., _____ �;.;�;... 
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PIR Registers 
The PIR registers· contain the individual flag bits for the peripheral 

interrupts. Due to the number of peripheral interrupt sources, there 

are two Peripheral Interrupt Flag Registers (PIRl, PIR2). 

PIR1 : PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 1 
R/W-0 R/W-0 R-0 R·O R/W-0 R/W-0 R/W-0 R/W-0 

C�����·��I�i_]���]���]. __ ��;�]��;;·1 .. ;·Ii��]-���-��.J 
bit7 bitO· 

IR2: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 2 

U-0 U-0 U-0 R/W-0 RIW-0 R/W-0 R/W-0 R/W-0 
f ................. ,.,.,.,,.""1""""'·,...,,,""T"''..,,.� ..... .....,,.....,�-r"""'..,..,.....,.._.,,....,,....,....,f.......,""· ..... ....,.,..,_,��--.--....,.,, ..... ,.� .. ...,..,.,.,.,."',.,,,,,,,._.,........., ..... '\: 

il _ j - ! EEIF !; BCLIF ! LVDlF ( TM.R3IF \ CCP2IF j 
·' w-.�•�-'-w"-""'.,J,,,._�,·.-wm'-'�'"·'"·-·"'-L""=-w--.wJ,._"""-'�·•-"""'"''·'·"""'·''"""""'"" 

bit 7 bit 0 

IE1 : PERIPHERAL INTERRUPT ENABLE REGISTER 1 

. R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 
�,...,,.,,,.,...,....,,_,.,,,.,.,w.w'�"·"-''..,"'·"'""'�M•'·"f'""''.w.•,•,............,..-... ,...,1,...,.,_., ..... w .. w .... ·,.,...,.,...,t,..,.•"'·....,�.-.w.•,..·1wNn ... ....-..,.....,.,w,• ...... ,.....1 ..... ,....wu . ...,·.w;N,'.w.w.•.-.•Tw .. w,v,w.•'·'"'.-.'•'"''•""'""'°"'1 
i\ PSPIE111 \ ADIE \ RCIE j TXIE \ ssPJE \ cc

_
P1IE \ T!v1R2IE \ TMRllE \ 

.... ., .... ..... ,.,, ••••• ,..,. • .,_ ... h . ...... ........... .,, ..... ... .... ,. . ... .. .... ,. ••• .,,..,.,., .,,.,.., .... ., • ., •• ,.,.,., .. ._,)..,.,,., .... . . .  ., •• ., •• ., •• ,. •• , ... ., •••••••• ,,., .. . ,  .... , ....... ., ........... ., .. . .. . .  .,  ••.•••.•••• , ..••••• .,.'" ...... ,.,, ••. " 

bit 7 bitO 

RCON REGISTER : 

R/W-0 U-0 U-O· R/W-1 R-1 R-1 R/W-0 R/W-0 

[�� .. ��=��I- -�I����=I�;I��·'·[���:�r:_;;] 
bit 7 bit 0 
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ADCONO : AID control register O 

The ADCONO register controls the operation of the AID module. 
ADCONO register is used to set the conversion time and select the 
channels. For power saving ADC feature is turned off when power 
up. and turned on with ADON bit when required. GO/DOWN bit is 
used for start and monitor the End of conversion, r··-·--·-·--·..,----······- .... -···-------��----·-·-·-··-:--·----· ·-,. .. ·1 
1.:::�-T��-�--;�-O R/W-0 t RIW-0 l R/W-0 

. 
R/W-� . , . ';J , I f 

i - l ---1 CHS3 l CHS2 CHS! l CHSO l GO/ !JONE ADON r--··-'--L .. --1- --··l_ ____ L_ ·--· ·-· ·-·-! 
��-- . -·-·-·-· 

bit 0 J 
ADCON1 : A/D control register 1 
The Al)CONl register configures the

.
functions of the port pins. It 

is used to set the reference voltages. r-�-�----·------··---�·-: 
. U-0 U-0 R/W-0 R/W-0 R/W-0111 RJW'11 RJW'11 RJW'11 ! t:-e--- 1 -; - 1-

. 
VCFG I i YCFGO � PCFG3 . I PCFG2 PCFGI PCFGO 

. ! 
r.�-:-·· . --·---

-

L_7_______ ······················· 

bitO 

ADCON2 : AID control register 2 
The �CON2 register configures the AID . clock source, 
programmed acquisition time and justification. After conversion 
data in the ADRESL and ADRESH is right or left justified by 
ADFMbit 
·r-�·-------- ------·· __ .,._,_,,,,. ___ ·�----, 

l R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 i,::_ i 
1 T.:: -------· -l �FM i --- l AC�T2 ACQTI j ACQTO ! ADC52 · ! ADCSI J 

i bit 7 
t .......... _ .............................. , 

END .. ,g 
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Real Word Interfacing 
with PIC18FXXXX 

Q.1 Draw and explain port structure of PIC18 microcontroller with 
different registers used in programming 

Q" [SPPU: May-22, Marks 9, May-16,17, Dec-17, Marks 8] 
Ans. : Port structure of PIC 
The PIC18 family has five ports Port A (6), B (8), C (8), D (8), E (3) 
with 33 1/0 lines. These lines can be used for data transfer between 
working register 'W' and peripherals and vice a versa. Each port can 
be configured as input or output. All Ports are .bidirectional ports. 
Eacr. port has some other functions such as timer, ADC, interrupts and 
serial communication. Port pins are assigned with multiple task and 
one of them will be available arid active at a time. All the functions 
cannot be active simultaneously. 

• Some ports have 8 bits, while others may not. 

• Each port has three registers for its operation 

• TRISx register (Data direction register) : For most ports, the 1/0 
pin's direciion (input or output) is controlled by the data direction 
register TRISx (x = A,B,C,D,E) : a. '1' in the TRIS bit corresponds 
to that pin being an input, while a '0 ' corresponds to that pin being 
an output. 

• 
. PORT register : The PORTx register is the latch for the data to be 
output. Reading PORTx register read the status of the pins, 
whereas writing to it will write to the port latch .. 

• LAT register (Output latch) : The data latch register is useful for 
read-modify-write operations on the . value that the I/O pins are 

. 
driving. 
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Upon reset all ports are configured as input-TRISx register has 
OFFh. 

The detailed structure of PIC port is shown in Fig. Q.1.1 with SFR's 
used for data and direction control. 

Reild/Write· 
__, 

/ 
, 

I 

I I 
I ;I ;I' 

1Dat:a SFR' / / ,/ ,. 

I I I I I I I J<l_,,/ 
I I I I I I ( (]. 

'i)irection' SFR 

Read po1t 

Fig. Q.1.1 Input I Output combined port structure 

Each port in the PIC has three internal D flip-flops (latches) 

• Data latch to hold the output data 

• TRIS latch to setup data direction (Read or Write into or from the 
pin) 

• · Input latch for input data 
• The Port can be configured for write operation according to the 

setting of Direction Control register Called as TRISx = OxOO i.e. 
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port is configured as output. (Data transfer from data latch to port). 
The data written may be 0 or 1. 

• The . Port can be configured for read operation according to the 
setting of Direction. Control register Called as TRISx = OxFF i.e. 
port is configured as input. (Data transfer from port to data lat. h). 
The data read may be 0 or 1. 

• During port read operation : TRISx = OxFF, RIW�l, 
Port select = 1, input buffer activated. by read port line signal, 
write port and output buffer is disabled, Data from port pin either 0, 

1 is placed on data line and stores in input data latch. 
• During port write operation : TRISx = OxOO, R/W-0, 

Port select = 1, input buffer deactivated by read port line signal, 
write port and output buffer is enabled, Data from input buffer is 
placed on port pin either 0, 1. 

Q.2 Draw and explain the port structure of . PIC 18FXXXX for 

writing 0, l to port pi�s. 

Aris. : Port structure for reading writing data 

The PIC18 family has five ports Port A (6), B (8), C (8), D (8), E (3) 
with 33 VO lines. These lines can be used for data transfer between 
working register 'W' and peripherals and vice a versa. Each port can 
be configured as input or output. Each port has three registers for its 
operation: 

• TRISx register (Data direction register) : For most ports, the I/O 
pin's direction (input or output) is controlled by the data direction 
register TRISx (x = A,B,C,D,E) : a IQ' corresponds 'to that pin 

being an output. 

• PORT register : The PORTx register is the latch for the data to be 
output. Reading PORTx register read the status of the pins, 
whereas writing to it will \\'f.ite to the port latch. 
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• LAT register (output latch) : The data latch register is useful for 
read-modify-write operations on the value that the 110 pins are 
driving. 

• Upon reset all ports are configured as input-TRISx register has 

OFFh. 

• · Each port in the PIC has three intemal_D flip-flops (latches) 

o Data latch to hold the output data 

. 0 TRIS' latch to setup data direction 

o Input latch for input data 

The configuration of port for writing l or 0 to port pin is shown in 
Fig. Q.2.1 and Q.2·.2. 

, Writing 0 to Port pin 

TRISx = 0 x 00 port is configured as output. 

Data latch output : Data bus = 0, Write port pin used to clock the 

data, Q = 0, Q = 1, OR gate= 1, P Gate= OFF, Port pin= 0 

TRIS latch output : Data bus = 0, Write TRIS pin used to clock the 

data, Q = 0, Q = 1, AND gate= 1, N Gate= ON, Port pin= 0 

Writing 1 to Port pin 

TRISx = 0 x 00 port is configured as output. 
" 

Data latch output : Data bus = 1, Write port pin used to clock the 
data, Q = 1, Q = 0, OR gate= 0, P Gate= ON, Port pin= 1 

TRIS Latch output : Data bus = 1, Write TRIS pin used to clock the 
data, Q = 0, Q = 1, AND gate= 0, N Gate= OFF port pin= 0 
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Vrn:i 

N 
ON 

Zero 

r-·-

TTt.CJ' 
SCHMITT 
trigger 

RD port l t> __, 

-
.1 Data bus 

WP� 

TRIS= 0 

Fig. Q.2.1 Output 'O' to pin in the PIC [writing] 
r-RDLAT 

p 
'oN L 

Y
i TTLor 

SCHMITT 
tngger 

' ' 

RD port 

Fig. Q.2.2 Output '1' -to pin in the PIC [writin�] 
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Q.3 , Draw and explain the port structure of PIC 18FXXXX for 
reading 0, l ·from port pins 

Ans. : Reading from port pin : The PIC 18 family has five ports Port 
A (6), B (8), C (8), D (8), E.(3) with 33 I/O lines. These lines can be 
used for data transfer between working register 'W' and peripherals 
and vice a versa. Each port can be configured ·as input or output. Each 
port has three registers for its operation : 

• TRISx register (Data direction register) : For most ports, the I/O 

pin's direction (input or output) is controlled by the data direction 

register TRISx (x = A,B,C,D,E): a 'l' in the TRJS bit corresponds 

to that pin being an input. 

• PORT register : The PORTx register is the latch for rhe da:a to be 

output. Reading POR Tx register read the status of the pins; 

whereas writing to it will write to the port latch. 

• LAT register (output latch) : The data latch register is useful for 

read-modify-write operations on the value that the 1/0 pins are 

driving. 

• Upon reset all ports are configured as input-TRISx register has 

OFFh. 

• Each port in the PIC has three internal D flip-flops (latches) 

o Data latch to hold the output data 

o TRJS latch to setup data direction 

o Input latch for input data 

• The configuration of port for reading 1 or 0 from port-pin is shown 

in Fig. Q.3. 1 and Q.3.2. 

Reading 0 from port pin 

TR1Sx = 0 x FF port is configured as input 
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Data latch oi..tput : Data bus = 0, Write port pin used to clock the 

data, Q == X, Q = X, OR gate= 1, P Gate= OFF. 

TRIS latch output : Data bus = 0, Write TRJS pin used to clock the 

data, Q "".' 1, Q = 0, AND gate= 0, NGate =OFF. �--<5=RD Vil 

I 
_\ 

x I o� i WRPOfil 
Data latch 

p 
OFF 

0 Zero 

O�F fl 
.1 . 

TRIS = 1 • · 1 n1..., '�'-..,H OJC 
�RDTRIS 

v,, y 
0 . . 

0 

RD port 

Fig. Q.�.1 Input 'O' to pin in the PIC [reading] 

Reading 1 from Port pin 

TRlSx=OxFF port is configured as input. 

; 

Data latch output : Data bus.= 1, Write port pin used to clock the 

data, Q = X, Q = X, OR gate= l, P Gate= OFF. 

TRIS latch output : Data bus = 1, Write TRJS pin used to clock .the 

data, Q = 1, Q = 0, AND gate= 0, N Gate= OFF, 

Both the gates are off, hence data available on Port iine (0, 1) is 

passed through the schmitt trigger and input latch. 
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The input buff er is enabled by RI W = 1, pin and data is placed on the 
data line. 

-

1� 

'. 

TRIS= 1 

RD port 

Vop 

p 
OFF 

N 
OFF' 

Fig. Q.3�2 Input '1' to pin in the PIC [reading] 

Port Programming: 1/0 Port Programming In PIC 

In 'C' program ports are configured as I/P and O/P as : 

Direction 

Latch 

TRISB = 0 X 00 - output 

TRISB = 0 X FF - input 

TRISBbits.RBO = 1; 
LATB = O; 

LATBbits.LATBO = 0; 
Port PORTx = 0 

PORTBbits.RBO; 

·. ' 

One 

TILor 
SCHMITT 
trigger 

Q.4 Draw an interfacing diagram of LED with PIClSF and write an 
embedded C program for flashing of LEDs. 

Q" [SPPU: May-22, Mark& 9, Dec-18, Marks 8] 
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Ans. : Interfacing of LED 
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The interfacing diagram for LED to port C is shown in Fig. Q.4.1. 

+SV 

,x:,,+--f .w, 

R2 S20kn 

-=-

C1 

33 pF I -=-
-=-

-::-
-=-

Fig. Q.4.1 LED Interfacing 

Program: 
#include <P18F458.h> 
void MSDelay (unsigned int); 

Void main(void) 

{ 
TRISB=O; 

While(1) 
{ 
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} 
} 

PORTB=Ox55; 
MSDelay(250); 
PORTB=OxAA; 
MSDelay(250); 

void MSDelay(unsigned int itime) 

{ 
unsigned int i; tinsigned char j; 
for (i=O; i<itime;i++) 
for (j=O;j<lOO;j++); 

} 

6 -10 Re(1/ Word Interfacl11g witlt PICJ8FXXXX · 

Q.5 Write an embedded C program· to read status of SW connected 

at RDO and RDl. If RDO = 0 then Sl = 0 and RDl =. 0 the S2 = 1 

then: (a) If Sl = 0 then Relay on buzzer·off and LED wlll glow LSB 

to MSB continuously. ,(b) If S2= 0 then Relay off buzzer on .and 

LED will glow MSB to LSB. 

Ans. : Interfacing Diagram : The interfacing diagram for Switch, 

LED, Relay and Buzzer is shown in Fig. Q.5.1. 

Program: 

#inc!Ude<P18F4550.h> 
void delay(void); 
void main() 

{ 
unsigned char i, Sl,52; 
TRISB = OxOO; //LED pins as output 

. LA.TB = OxOO; 
TRISDbits.TRISDO = 1; //set RDO as input 
TRISDbits.TRISDl = 1; //set RDl as input 
TRISDbits.TRISD2 = O; //set buzwr pin RD2 as· output 
TRISAbits.TRISA.4 = O; //set relay pin RA.4 as ou,tput 
while(l) 

{ 
LATDbits.LDO "':" 1; 
LATDbits.LDl = 1; 
if(PORTDbits.RDO "'= 0) 
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-5V 

rl c; l ri sw1 0.11,FT' � 
I 

C1 .L .L. C2 
a3pF+ l33pF 

�5V. 

':" 

VCC 
T Lo•cl 

�· 1 G.1.y Diocl•d t:1:1oct 

!R!'JI�)' 
. : coil 

fOK -ONPN .,,"fir . . --
! GNDC::-

�
· 

� '. '. 3  

RS 01 "{W.. BC5•7 AL 
3300 

2 

R11 
��rnE 

Spaa.ker 

0 O<w hrn . .... • 

Fig. Q.5.1 Interfacing of switch, LED, relay and buzzer 

Sl =O; 
if(PORTDbits.RDl = = 0) 
S2 =1; 
if(Sl == 0) 
{ // loop for relay on , Buzzer OFF, LED R-L 

{ 

} 

� 

LATAbits.LATA.4 = 1; 
LATDbits.LATD2 = 1; 
for(i=O;i <B;i+ +) 

LA.TB = OXOl < <i; 
delay(); 
LA.TB = OxOO; 
delay(); 
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} 
if(S2 =''-" 0) 

{ I I loop for relay OFF , Buzzer ON, LED L-R 

} 
} 

} 

'LATAbits.LATA4 = O; 
LATDbits.LATD2 = Q;. 
for(i=O;i<S;i+ +) 
{ 
LATB = OX80>>i; 
delay(); 
LATB. = OxOO; 
delay(); 

} 

void delay() 

{ 
unsigned int j,k; 
for(j =O;j < = lO;j + +) 
for(k=O;k<=3000;k++); 

} 

Q.6 Draw an interfacing diagram of LED with Pl.C18F and write 

program embedded C program for ring counter. 

Ans. : Interfacing of l.ED : 

For interfacing refer Fig. Q.5. L 
Program: 

#include<P18F4550.h> 
void delay(void); 
void main() 

{ 
unsigned char i, 
TRISB = OxOO; //LED pins as output 
LATB = OxOO; 

while(l) 

{ 

€� 

Q- [SPPU: Dec-18, Marks 8] 
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for(i=O;i <S;i + +) 

{ 

} 
} 

} 
void delay() 

{ 

LATB = OXOl<<i; 
delay(); 
LATB = OxOO; 
delay(); 

unsigned int j,k; 
for(j =O;j < = lO;j + +) 
for(k=O;k< =3000;k+ + ); 

} 

6-13 Real Word lnterfacillg witll P/CJBFXXXX 

Q,7 Draw a neat interfacing diagram to display 'SPPU' on 4th 

position in line one and 'UNIVERSITY' at 5th position on second 

line, write an embedded C program. 

S" [SPPU: May-22, marks 9,May-17, Marks 8) 

U..- Note : Similar Question is asked every Semester of the year 

Ans. : LCD Interfacing 8 bit mode : The interfacing diagram of 

16 x 2 Character LCD module with PIC18Fxx microcontroller is 

shown in Fig. Q.7.1. 

Program: 

#include <p18f4550.h> 
#define en LATCbits.LCl 
#define rs LATCbits.LCO 
#define LCDPORT LATB 
const unsigned char LCD_Datal[]={" SPP'C'"}; 
const unsigned char LCD_ Data2 (]={"UNIVERSITY"}; 
void lcdcmd(unsigned char value); 
void lcddata(unsigned char value); 
void MSdelay(unsigned int itime); 

void main() 
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+ sv i 

A _L 
I -

c3 Dsw� o.1�1F T 4 0 i 

R2120 kOh� 

"::'" 

C1 

33pFI 
- -

5V 

10 kOhm 
RI 

Fig. Q.7.1 LCD interfacing 8 bit mode 
{ 

unsigned char.z=O; 

TRISB=O; 
TRISC=O; 

en=O; 

MSdelay(50); 

lcdcmd(Ox38); //2lins and 5X7 matrix 

MSdelay(50); 

lcdcmd(OxOe); //Displ�y on, Cursor blinking 

MSdelay(50); 
lcdcmd(Ox01); //Clear display screen 

MSdelay(50); 

lcdcmd(Ox06); //Shiftcursor.to right 

MSdelay(50); 
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} 

while(t) 

{ 

} 

lcdcm.:i(Ox84); 
MSdelay(50); 

for (z=O;z<4;z++ ) 
.{ 

lcddata(LCD _Datal [z] ); 
MSdelay(50); 

} 
lcdcmd(OxC5); 
·�ASdelay(50); 
for (z=O;z<10;z++). 
{ 

. 

} 

lcddata(LCD _ Data2 [z]); 
MSdelay(50); 

void lcdcmd(unsigned char value) 
{ 

} 

LCDPORT = value; 
rs= O; 
en= 1; 
MSdelay(l); 
en= O; 
return; 

I I Routine for Command word 

void lcddata(unsigned char value) 
{ // Routine for Command word 

LCDPORT = v3.lue; 
rs = 1; 
en= 1; 
MSdelay(l); 
en= O; 
return; 

} 
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void MSdelay(unsigned. int itime) 

{ 
unsigned int i,j; 

• for(i=O;i<itime;i++) 
· for(i=O;j<1200;j++); 

} 
Note : According to problem st�tement, change the interfacing 
diagram and do changes in the program. 

Q.8 Write an embedded C program for interfacing of 4 x 4 matrix 
keyboard and display the number of key closed· on LCD. 

q" [SPPU ·: May-22, Marks 9, May-18, Marks 8, Dec.-17, Marks 8) 
Ans. : Keyboard interfacing : The interfacing diag.;arn of 4x4 matrix 
keyboard ,is shown in Fig. Q.8.1. The microcontroller a�.cesses both 
rows and columns through the port D. 

G:l J .. �.f v 
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1--���-���---t i j ! icu11 C�l� jCol3 

. $W1 I $W..=. $'A'3 I SW4 
............ �E�.L .... 

�::�--J=Ej·

-
· .
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·Ci?=i· 

.. c,� .... 
..c:::::l..! ...c:::J... �I .....; ,.... ........ .....; 

d \ SW1� j 
,.....0-=-� 
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Fig. Q.8.1 Keyboard interfacing 
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Program: 
#include <p18f4550.h> 
#include "LCD_SIT.h" 
canst unsigned char LCD_Datal[J={"KEY="}; 
canst unsigned char KeyLookupTbl[]= {'0','4','8','C', 

•11/51/9'/D', 
121,16111A1,1E'1 
131,17111B1,'F1}; 

unsigned char get_keyval(unsigned char col, unsigned ch& row); 
void main(void) 
{ 

unsigned char z=O,row,val; 
TRISD = OxFO; //rows as inputs and cols as output 
LATD = OxFF; 
lnit_LCD(); 
lcdcmd(Ox80); 
MSdelay(50); 
for (z=O;z<4;z++) 
{ 

} 

lcddata(LCD _Data 1 [z]); 
MSdelay(50); 

while(l) 
{ 

LATD = OxFO; 
MSdelay(5); 
row= PORTO; 
row >>=4; 
if((row & OxOF)I= OxOF) 
{ 

LATDbits.LATDO = O; 
MSdelay(5); 

� 

row= PORTO; 
row >>=4; 

if((row & OxOF)!= OxOF) 
{ 

val= get_keyval(O,row); 
LATDbits.LDO = 1; 
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.} 

} 

} 
LATDbits.LATDl = 0; 
MSsielay(S); 

row= PORTD; 
row >>=4; 

if((row & OxOF)I= OxOF) 

{ 

} 
val = get_keyval(4,row); 

LATDbits.LDl = 1; 

LATDbits.LATD2 = O; 
MSde!ay(S); 
row= PORTD; 

row >>=4; 
if((row & OxOF)I= OxOF) 

{ 

} ' 

val = get_keyval(B,row); 
LATDbits.LD2 = 1; 

LATDbits.LATD3 = O; 
MSdelay(S); 

row = PORTD; 
row >>=4; 
if((row & OxOF)I= OxOF) 

{ 

} 

val = get_keyval(12,row); 
LATDbits.LD3 = 1; 

MSdelay(lO); 
lcdcmd(Qx84); 
MSdelay(lO); 
lcddata(val ); 

MSdelay(lO); 

/*finds the value of the key• I 
unsigned char get_keyval(unsigned char col , unsigned char row) 

{ 
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} 

unsigned int i=O; 
for(i=O;i<4;i + + ) 

{ 

} 

if((row & OxOl)I= OxOl) 

{ 
return(KeyLookupTbl[(col)+i]); 

} 
else 

row >>=1; 

Q.9 What ls the use of motion sensor ? Explain with classifications. 

Ans. : Motion sensors : 

• Motion sensors are commonly used in security systems. They work 
. based on a wide variety of principles and are used in- a wide �ariety 

of applicat.:0ns. 

• Typical usage could be in the exterior doorways or windows of a 
building· for monitoring the area around the building. Upon 
detecting motion, they generate an electrical signal based on which 
some actions are taken. So.me operate in much the same way as a 

military ra�ar scanner, while others work based on vibration, 
infrared radiation and, even sound. 

• All of these different types of sensors have different strengths
. 
and 

weaknesses, which are important to take into account when making 

a decision to choose a particle motion detection sensor. 

Classifications of Motion.Sensors 
Active detectors : 

• Active detectors are also known as radar - based motion sensors. 
The active detector sensors emit the radio waves I microwaves 
across a room or other place, which strike on nearby objects and 

reflect it back to the sensor detector. 
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• When an object moves ·in motion sensor controlled area at this 
time, the sensor looks for a doppler (frequency) shift in the wave 
when it returns to the sensor detector, which would indicate that the 

. wave has hit a moving object. 
• Active motion sensors are not best suitable for outdoor lighting or 

similar applications as a movement of random objects such as 
windblown things, smaller animals and even larger insects can be 
detected by the active sensor and lightning will be :riggered. 

Passive detectors : 

• Passive motion sensors are opposite to active sensors, they do not 
send out anything, but it simply detects the infrared energy. 
Infrared (heat)· energy levels are sensed by passive detectors. 
Passive sensors scan the room or area, it is installed for infrared 
heat that is radiated from living beings. 

· • These sensors would not be effective if they could get activated by 
a small animal or insect that moves in the detection range, 
however, most passive sensors can be adj'Jsted to pick up the 
motion of an object with a certain level of emitted heat, for 
example adjusting the sensor to pick up movement only by 
humans. 

Combined or Hybrid detectors : 

• Combined or hybrid technology motion sensor is a combination of 
both active and passive sensors. It activates light or lilarm only in 
such a case when motion is detected by both active and passive 
sensors. Combined sensors are useful for alarm systems to reduce 
the possibility of false alarm triggers. 

• However, this technology also has its disadvantages. It cannot 
.• provide the same level of safety as separate PIR and microwave 

sensors because
· 

the alann is triggered only when motion is 
detected by both sensors .. 
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• However, this technology also has its disadvantages. It cannot 
provide the same level of safety as separate PIR anci microwave 
sensors . because the alarm is triggered only when motion is 
detected by both sensors . 

• The motion sensors come in different shapes and sizes. Here we are 
explaining below a couple of examples 

Passive Infrared Detectors (PIR) : 

• These are one of the widely used sensors nowadays and can be 
found in many home security 
systems. Passive infrared 
detectors are looking the 
changes of infrared energy 
level that caused by 
movement of objects (human, 
pets ... etc.). 

• PIR motion detector is very 
easily obstructed by the 
variability of heat sources and 
sunlight, so PIR motion 
detector is more suitable for 
the indoor movement 

/ 1
·· 

GND I \ 
OUT 

VCC ( +5 V) 

Fig. Q.9.1 : Passive Infrared 

Detectors (PIR) 

detection within the closed environment. 

• The top view of passive infrared detector is shown in Fig. Q.9.1 

Active Infrared Detectors : 

• Active infrared detectors use a dual beam transmission as structure, 
one side of a transmitter for t:mitting infrared ray and the other side 
with a receiver for receiving the IR, it is suitable for the outdoor 

·point to point interruption detection. 
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• Active infra-red beam motion sensors are mainly installed outside, 
due to it adopts transmitter and r.eceiver theory for detection. It is 
important that the beam must go through the detection area and 
reach the receiver. 

Ultrasonic Detectors : 

• :-hese motion sensors are available ·in both active and passive 
types. -1n theory, an ultrasonic detector sends out high-frequency 
sound waves that are reflected back to the sensor. If any 
interruption occurs in the sound waves, the active ultrasonic sensor 
may sound the alarm .. The mini ultrasonic motion detector is shown 
in Fig. Q.9.2. 

Fig. Q.9.2 Mini ultrasonic motion detector 

Q.10 Draw an Interfacing diagram of PIR sensor with PIC 18F4550 

and write the embedded C program to detect the motion. 

Ans. : Interfacing of PIR Sensor 

• The PIC 18F4550 considers any voltage between 2 and 5 Vat its 
port pin as HIGH and any voltage between 0 to 0.8 Vas LOW. 
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• Since the output of the PIR sensor module has .only two stages 
(HIGH (3.3 V) and LOW (0 V)), it can be directly interfaced to the 
PIC 18F4550 microcontroller. 

• The circuit diagram for interfacing PIR sensor to PIC l 8F4550 

microcontroller is shown in Fig. Q. l 0.1. 

+5 v 

o�:J rW1 
., 

R2 � 20 kOhni 

I 
-..L 

XTR1 

C1 l t::-;H_z ____, 

33p�I I 33pF - -- -

-=-

S R4 
�10K 

• 

+5 v 
0 

� R3 
<3300 

I 
I 

MD1 
�LED 
// 

Fig. Q.10.1 Interfacing of ultrasonic motion detector 

• The cfrcuit shown in Fig. Q.10.1 will read the status 'Of the output 

of the PIR sensor and switch ON the LED when �here is a motion 
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detected and switch OFF the LED when there is no motion 
detected. 

• Output pin of the PIR sensor is connected to port RD2 pin of the 
PIC 18F4550. Resistor RI, capacitor Cl and_pus� button switch SI 
forms the reset circuit. Capacitors C3, C4 and crystal Xl are 
associated with the oscillator circuit. C2 is just a" decoupling 
capacitor. 

• LED is connected through port 2.0 of the microcontroller. 
Transistor QI is used for switching the LED. R2 limits the base 
current of the transistor and R3 limits the current through the LED. 

Program 

#include <P18F4550.h> 

#define _XTAL_FREQ 20000000 llSpecifythe XTAL crystal FREQ 
#define PIR RD2 
#define LED RA4 

void TO'.:lelay(void); 
void main(void) 

{ 

$eco<•1'f 

TRISA=OXOO; 
TRISD=OXFF 
TRISA=OXOO; 

w�1ile(1) 

{ 
If (PIR==l) 

{ 

{ 

} 

LED=l; 
delay (); 

} 
else 

LED=O; 

delay();. 

II Make all output of RA4 low 
11 get into infinite loop 

/I wait for some time 

11 wait for some time 
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{ 

} 
} 

void TODelay ( ) 

TOCON=Ox08; 
TMROH:=Ox9E; 
'l'MROL= Ox58; 
TOCONbits.TMROON=l; 

II TimerO, 16 bit, no prescaler 

II load Higher byte in TMROH 
11 Load Lower byte to TMROL 

I I start the timer for up count 

while(INTCONbits.TMROIF=-=O); II Checkfor overflow 
TOCONbits.TMROON=O; II Tum off timer 

INTCONbits.TMROIF= =0; 11 clear the TimreO flag 

} 

Q.11 State features of MQ-2 gas sensors. Draw an interfacing 

diagram ·and embedded C code 

Ans. : Features of MQ-2 Gas Sensor : 

• Operating voltage is +5 V 

• Can be used to measure or detect LPG, Alcohol, Propane, 
Hydrogen, CO and even methane 

• Analog output voltage : 0 V to 5 V 

• Digital output voltage : 0 V or 5 V (TTL Logic) 

• Preheat duration 20 seconds 

• Can be used as a digital or analog sensor 

• The sensitivity of digital pin can be varied using the potentiometer 

Program 

#include<P18F4550.h> 
#define _XTAL_FREQ 20000000 //Specify the XTAL crystal FREQ 

#define GAS RD2 

#define LED RA4 

void delay (void); 
void main (void)· 

� A Guide for E11gineeri11g S111de11ts 



,·. 

J, 
1 , , 
fl.:· 

rl: 
' 
1" 

it 
\'; 
" 
u 

:,; 

\i. 
t 
fl 
i;:i 
t.i'! 
1i1,, 

1lficroco11troller 

{ 
TRISA=OXOO; 

TRISD=OXFF 

6 • 26 Re"! Word I11teif"ci11g with PIC18FXXXX 

TRISA=OXOO;. II Make all output of RA4 low 

while(l) II get into infinite loop 

C3 ·� 1;rnrn1n1;rnmrnm;rn;mrn +5V 

0.1 pFT SW1 

I ; 
\ 

i 
I 

R2 � 20 kOhm 

J_ 

C1 
33pF

I 
-=-

16 MHz 

C2 

T 33pF 

-=-

� R3 
1 f 330Cl 

201 � R< 
10K LED 

II 

-::-

Fig. Q.11.1 Interfacing of MQ-2 Gas Sensor 

{ 

� 

If(GAS==l) 

{ 
LED=l; 
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} 

delay (); 11 wait for some time 

else 

{ 
LED=O; 

delay(); 11 wait for some time 

} 

} 
} 
void delay() 

{ 

} 

unsigned int j,k; 

for(j =O;j < = lO;j + +) 

for(k=O;k< =3000;k+ + ); 

Q.12 Explain use of IR sensor with various applications. 

Ans. : IR sensors : 

• IR sensor is an electronic device that emits the light in order to 
sense some object of the surroundings. An IR sensor can measure 
the heat of an object as well as detects the motion. Usually, in the 
infrared spe::trum, · all the 

objects radiate some form of 
thermal radiation. These 
types of radiations are 
invisible to our eyes, but 
'infrared sensor can detect 
these radiations. 

• The emitter is simply an IR 

LED (Light Emitting Diode) 
and the detector is simply an 
IR photodiode . Photodiode is 

� 

Fig. Q.12. 1 IR sensor 
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sensitive to IR light of the same wavelength v> hich is emitted by 
the IR LED. When IR light falls on the pbotodiode, t�e resistances 
and the output voltages will change in proportion to the magnitude 
of the IR light received. 

• There a�e five basic elements used in a typical infrared detection 
system : An infrared source, a transmission. medium, optical 
component, infrared detectors or receivers and signal processing. 
Infrared lasers and Infrared LED's of specific wavelength used as 
infrared sources. · 

· •. The three main types of media used for infrared transmission are 
vacuum, atmosphere and optical fibers. Optical components are 
used to focus the infrared radiation or to limit the spectral response. 

Applications : 

Night Vision Devices, Radiation Thermometers, Infra-red tracing, IT 
image Devising. Other key application areas that use infrared sensors 
include: 

• Climatology • Meteorology 

• Photobiomodulation • Flame monitors 

• Oas detectors • Water analysis 

• Moisture analyze:s • Anesthesiology testing 

• Petroleum exploration • Rail safety 

• Gas analyzers 

Q.13 Design a PIC 18 FXXXX based to tevt the LED, Buzzer and 

relay connected to ports with control using keys. 

Q" [SPPU : May-22, Marks 9) 

Ans. : Design of PIC test Board : Fig. Q.13.2 shows the design of 

PIC test board for verifying the LED connected to port B, with 
switches and buzzer to p9rt D, with relay interface for Port A. 
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Step 1 : Design of power supply : · 

ThP. microcontroller selected is PIC 18F4550 which works on the 
frequency of oscillator ranging from 0 to 20 MHz and requires power 
supply of± 5 or ±12 V. A simple circuit design for +5 V is shown in 
Fig. Q.13.1 

��c11 

O_vd � 05 

l!4 
'!805 

SVA�!N -:;:- J>---.. L co---r 
.. : ................. _.!.'.�.�.] 

flndg�+ 4. 7 K 

D3 

. ' . T6BµF *.Ro 

�LED 

J_ 

VfC 
r-------- - -- 1 

c·g J.. C10 _L Ci1 

T 100µF T 0.1 pF T0.11:F 

Fig. Q.13.1 Sample for 9ower supply design 

Step 2 : Design of clock circuit : 

The Quartz crystal is connected to OSC 1 and OSC2 pin in order to 
synchronize the operation of all components c9nnected with internal 
and external means. The values for C 1 and C2 are selected according 
to the crystal frequency for stabilizing the oscillator pulses. In general 
with quartz crystal 22 - 33 µF is preferred. 

Step 3 : Design of reset circuit : 

The RC high pass filter with C = O.lµF along with 20 kn register is 
connected to MCLR pin. When high pulse appear on it, resets the 
contents of friter registers and SFRS to initial value. 

Step 4 : Configuration of port : 

PIC has 33 l/O lines which can be configured as input and output 

using TRISX register as 

if TRISX = 0 - Ports (A-E) are configured as output ports 

ifTRISX = 1 ·Ports (A·E) are configured as input ports. 

.... 
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Step 5 : Connection diagram 

+5V 
* !'"''"''"'''"l 

C3 .l_ M SW1 
o 1 f'F·T 4 .,____, ___ _ 

R2 �20 kOhm 

Crystal i 
'1-
1 ! 
j C' ' ' __._ 33pFT 

-=-

(";2 .I33 pF 

�5 v 

• 
Rell/ Word b1te1fllci11g witfl PIC18FXXXX 

� 
-=-

�Speaker 

-=-

Fig. Q.13.2 Minimum component test system 
Step 6 : Algorithm 

Step 1 : Initialize TRIS SFR for direction control 

Step 2 : Check status of switch 

Step 3 : If closed, load bit pattern to-glow LED, switch on buzzer 
and energizes the relay. 

Step 4 : Otherwise wait till closer 
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Step 5 : Transfer content to port register 

Step 6: Wait for some time i.e. delay 

Step 7 : Load same or different data sequence of LED glowing 

Step 8 : Continue Go to step 2 
Step 7 : Program : 

#include<P18F4550.h> 

void delay(void); 

void main() 

{ 
unsigned char i, key; 

TRISB = OxOO; 

LATB = OxOO; 

I /LED pins as output 

TRISDbits.TRISDO = 1; //set RDO as input 

TRISDbits.TRISDl = 1; //set RDl as input· 

TRISDbits.TRISD2 = O; //set buzzer pin RD2 as output 

TRISAbits.TRISA4 = O; //set relay pin RA4 as output· 

while{1) 

{ 
LATDbits.LDO = 1; 

LATDbits.LDl = 1; 

if(PORTDbits.RDO = '= 0) 

key =O; 

if(PORTDbits.RDl = = 0) 

key =1; 

if(key == 0) 

' { 
I,ATAbits.LATA4 = 1; 

LATDbits.LATD2 = O; 

for(i=O;i<B;i+ +) 

{ 
LATB ,,; OX01 < <i; 

delay(); 

LATB= OxOO; 

·delay(); 

} 
-1111!!!1!1-!Ja------------------------==--· '·=� A Guide/or E11gi11eeri11g St11de11ts 
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} 
if(key == 1) 

{ 

} 
} 
} 

LATAbits.LATA4 = O; 

LATDbits.LATD2 = 1; 

for(i=O;i<Bii+ +) 

{ 
LATB = OXBO > >i; 

delay(); 

LATB = OxOO,: 

delay(); 

} 

void delay()· 

{ 
unsigned int j ,k; 

for(j =O;j < = 10;j + +) 
· for(k=O;k<:=3000;k++); 

} 

" 
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Q.14 Design Home protection system for · indicating various 

parameters lil<e temperature, door open I closed, internal apparatus 

on, which will give alert by indicator, display and sounding alarm if 

exceed the set point. Also make provision to store few current 

records in the serial memory for analysis. Q' [SPPU: 10 to 12 Marks] 
Ans. : Design of home protection system 
• The microcontrollcr selected is PlC 18F4550 which works on the 

frequency of oscillator ranging from 0 to 20 MHz and requires 

power supply of± 5 or ±12 V. A sample circuit design for +5 Vis 

shown in Fig. Q.14.1. 
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• The Quartz crystal is connected to OSC 1 and OSC2 pin in order to 

synchronize the operation ·of all components connected with 

internal and external means. The values for C 1 and C2 are selected 

according to the crystal frequency for stabilizing. the oscillator 

pulses. In general with quartz crystal 22 - 33 µF is preferred. ................. i .. .. ·r;c-;· � 05 
� . . 

-' 

r- · · ce 
[L + h�, �.'(, av ACl 8r.ag".J.. �· · " 

�1 

00 

IJ4 
7805 

�LEIJ 

Cf! ··r 100 �1F 

v_r:y 

_L c1�1 
·T· 0.1 µF *g;i,,F 

Fig. Q.14.1 Sample for power supply design 

• Reset: The RC high pass filter with C = 0.lµF along with 20 kn 

register is· connected to MCLR pin. When high pulse appear on it, 

resets the contents of inter registers and SFRS to initial value. 

• PIC has 33 I/O lines which can be configured as input and output 

using TRISX register. 

General block diagram 
• The general block diagram of any security system without in built 

ADC is shown in Fig. Q.14.2 Some of the modern processor like 

PIC has the in-build ADC and require only signal conditioning 

circuit. The sample signal conditioning circuit is shown in 

Fig.Q.14.3 The signal conditioning circuit for any analog signal 

varies from signal to signal. For any low level signals an 

Instrumentation amplifier is be�t choice. 
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Fig. Q.14.2 The general block diagram 

�
f 
�I
D-f 

-::-

Fig. Q.14.3 Signal conditioning circuit 

Rl,;,, R3 = 2.2 K, R2 = 220, R4 = RTD, OPAJv!P LM324 

Algorithm: 

1. Initialize the PIC ports, LCD etc. 

2. Provide set points for various controlling actions 

3. Accept the signals (Analog or digital) on ADC pins. 

4. Check the set conditions 

To CH 1 

5. If not met or exceed get the indication by beep, display on LCD 
and making devices on and Off 
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6. Store the current records 

7. If everything is set right, continues from step 3. 

Flowchart : The general flowchart for the above problem statement is 
shown in Fig. Q.14.4 

Fig. Q.14.4 Flow chart to access the information 
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Microco11troller 

" 

6- 36 Reul Wordb1terfucing wit/1 PICIBFXXXX 

Complete schematic : The complete schematic diagram is shown in 
Fig Q.14.5 
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Fig. Q.14.5 Complete schematic for home protection system 
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Important Points to Remember 

1. Before interfacing any input/output device to microcontroller 
refer to their specifications listed in data. sheets by the 
manufacturers to fulfil the optimum wo!:"king conditions. 

2. List the hardware and software requirements depends on type 
of device to be interfaced. 

3. Study the port structure of microcontroller to avoid damage to 
its port pins. Refer to the Fan in and out conditions carefully. 

4. Pull up resistors are required to avoid damage to port pins. 
5. PIC18F4550 has Five port 9A,B,C,D,E - 35 I/O lines)' and 

USB 
6. Port B is m)ed for the external interrupts 

Each port has multiplexed for many functions and some pins 
are exclusively used as digital Input 

7. By default on power on reset all ports are configured as input. 
8. LEDs are most popularly used indication device. T.ake its 

forward voltage into consideration which depends on its 
colour compos"ition and calculate the value of current limiting 
resistor using simply Ohm's law. 

9. LEDs can be connected in common anode or common cathode 
configuration. 

10.LCD is useful display device to display alphanumeric 
characters with reduced power consumption. 

11.RS- register select R/W read/write and EN are the important 
control signal of LCD along with data lines referred while 
interfacing to microcontroller. 

12. The busy flag DB7 gives updates about current status of LCD. 
13.The LCD can be interfaGed in two possible ways 4 �it and 

8 bit mode. The 4 bit mode saves 4 I/O lines but increases the 
execution time as nibble by nibble the data is send to LCD. 

14.Keys when connected in matrix form reduces number of I/O 

lines used. 

..... 
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15 .Keyboard matrix even saves space and make it compact. 

16.Key debounce - a state before key settles can be taken care 
either in hardware by using SR flip-flops or. in software by 
introducing suitable delay. 

17.Key detection can be taken care by using look-up table 
approach. 

18.Motion detectors are type of PIR sensors 

19.Gas sensors are used in home protection system 

20. Wh1le designing any system make sure of VCC, GND, Reset 
and clock is connected 

Reference for LCD Command words 
LCD commands framing 

. , ... op,w,... ... ·-::·M···""'""''i'"'".,..., ..
.
..... _._.,...'{,...'"""'""0..::•'""'""'"'"'<"''M.,...,..,W�-.......... �.,,......-.w.-,�........,, ...... "'0.....,......,,M'i!'''"'·...,,.."""'{_·"'"""""'""·"" ..... .,.,,.,,...,....w,...,,,,,.,.,.,.,(YY""'""" ......... ...,.,"""''W·V.W.V.'"""i. 

BIT \ RS \ R/W \ D7 i D6 � D5 ! D4 \ D3 \ D2 I Dl l DO i . Function· \ 
+�·-l"·��+---+,---+--+"·-+�-�{-·-"-�f--}---}--�··-----

-·--·----·----·-�--j ; I 0 I 0 i 0 I 0 I 0 l 0 i 0 I 0 j 0 ! 1 I Clear LCD and memory, home l 
i ' 1 i \ \ 1 : l I ! t cursor · ! 
1-··- -t-·'""t 

·-···-
t
·�-1-···-

t
·-··1--.�

·:
�t--···l

-"
l·
"·"'""t-""--·-�-----·---�·

·--·�---·-: 
� l 0 j 0 j 0 j 0 l 0 \ 0 \ 0 l 0 ' 1 l 0 � Clear and home cursor only I 
;
------

r
-·;-··-T

--t·-·-r .... -r-.. ·�---+--+--r--,,r----·--,,·----,---·�-,,--1 
j · ! 0 ; 0 ; 0 ! 0 ! 0 j 0 0 l I ; 110 ! S !' Screen action as display ; � � � . .� � { l � ) . � \ ! \ ! j ! \ i \ ; 1 character wntt�n l i l : l i 1 1 ! ! l \ . 

l ; \ l : i ; 1 ) j ; l S = 110 : Shift screen/cursor 1 
� � � � � �; � � j � • � i i ' � l ' i

· 1 l ii' \ I VO= 110: CursorR/L, j � � < � :  ! � � } � : � � l � � l � � screen L/R i f ... w ..... w.•,• .... � ,, ....... wr ... , .... ,... M 1" u. .......
.. 

� ... ..., .......... r,.., ....... ]''M>" .w ('<'-W" """·� , .... '" ...... ,..,,,�, .... , ........ ,T .................. JI ... .: ,.. .... w,...,, .. ,w.-. .... ,w.WYNNNJ,,.,...,_WWWNM ,.,,,.....,,,,.....,,..,,..,,_.,, ... .,, � 

\ ! 0 i 0 l 0 ) 0 j 0 ! 0 t 1 ! D ! C ! B , D = 110 : Screen on/off 
� � .. � '  � � ' �  . -� � i � - � : � I j ! � C = 110 : Cursor on/off 

i I' i i 
. , . . . . ! l ! B = 1/0 : Cursor ! � }  � � � 1 :  � � j � . •  � : l. ' ; \ \ . , i I t ' Bhnk I Noblmk ( ., . .,.. ....... wo.•MWMN.,· . .  · . .-w.·.,-...• _,,,,,.,. .. , .. .,.,, ... ,,.,. .. ,_.w,,.•., .. wwo ·-� -""'""""" ---.. "'"''"'_"} '""'�""""--·--""·-·� ""' "'-'"""' 
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rmm.w-N•WN�y"='"'""'•""'"""r-r""""'�-"'"'1-WMW•r'"·"'�""�'-'"r
.
"''""'-·-·""'"'""'""""."'"'W>oMn'"'"'"-'w·''. 

l ! l ! ' ! � ! i l ! • ' \ I io 10 jO j o io 11 \S/C\R!L\O \ o !stC=l/O:Screen / Cursor j 

L-�J_J. __ r_Lt--f1 i .. J. 
��L ... i_ ... ,,,.l .-J ... _.L�.=-��.:-���ft-��7-��:_:, RIL ... J 

� ·� 1 ! � � . i � . : 
; I 0 \ 0 I 0 I 0 j 1 I DL N I F I 0 I 0 I DL = 110 : 8/4 Bits per l 

i I � � � � l.. > � � \ 

l ! I l ; , l l ' character ; 
i \ ! ' \ < l : ' 

· ; ! l ; ! ! 'j \ j \ N = 1/0: 2/1 Rows of , � � � ' � j 
( 

; ! l ! 1 ; ' l I ! I 
; ; i l I \ 11 ! '; l ! characters ! ; · l ! i ! , I . 

� '  � � � .  1 � � i 
; l ! l ; l l 1 I ; ! F = 110; 5 x 10/5 x 7 j 
j ' \ l . I l ! ' j \ I \ 
L- .. i--t; �-l---i-�L--l ____ _j __ j__�-i�-�-!?�t,S}_��a_r�c:::_�--" " ...... � 
; � ' ! ' l l ! 

\ l 0 i 0 j 0 \ I , Character address l Write to character RAM · i 
, -� l 

- ; L 
, . . 

\ . . , ... 
,

,,.LJr. "'"·'"'"J,., .. � .. 11·"-'" ··· �-·�·-""··---·-·�-"-'"'"""""··--···---L��::5.5.,.�.�t!:_�-�::.���-��: .. . , .. ,J 
' l ' l . ! ' 

l i 0 j 0 i 1 j' Display data address ! Write to display RAM address i 
; l ' i i t 
l j I . 1 ' 

l after the commands ! 

1··,.·······'··1··�·-
··i'·�-"

.

T"���L.��=nt a::��,,. 
.
. ,, ... -, .. ,,,.,._ 

.. ,., ......... , ..... --+.-� .. �-���·;·�':·�;';·���·:�:�· ·····'""'·\· 
. 

i · ·····""····f""•'"""! .. --
·
--·--+----- ,,,,_ �- -=· , --�,,----�l-......... .._,. .................. 

,,., . ... .
.
.

.
.. .. ,, .... ,, ...

........

.

.. 

, 

.
. . ; 

l \ :i 
. I i 

l!-,--��� _ . 
C�ara���----�.---·--l·'!!_rite-���?,.��;-�.:�::!�, .... ! 

' ' . l ' 
j ! 1 l 1 Character byte ! Read byte from last RAM l 
\ l i \ . l ! 
\ ; \ l i l chosen · \ t,.�,.............,�-��t_�.,..YN-YN.YN�,..,.,.....w.-.vw,..,.,.,,,,.,.,...,..,.,....,,....,.,.,,,,,.,.,..,,. .... ,,v.-......J....M..,�.,.,.,...,..., ..... .,,.,.,.,.,.,.,.,.,...,,,.,,,..,...,.,....,,..,.,..,,.,.,.,. ... , .... ._,,.,....,,_...,....,,.,.,.J. 

END ... ilS 
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Q.1 Stat.e features o( RS232 with signal characteristics and frame 
format Bai" [SPPU : Marks 8) 
Ans. : RS232 serial port : RS232 is an asynchronous serial 
communication protocol widely used in computers and digital 
systems. - It is called asynchronous because there is no separate 
synchronizing clock signal as there are in other serial protocols like 
SPI and I2C. The protocol is such that it automatically synchronize 
itself. It has following features 

• Developed by Electronic Industry Association (EIA) in 1960 and 
updated in 1969 

• Most widely used serial l/O interface standard asynchronous 
communication [TxD , RxD and GND] 

• Accepted to transfer characters over short di&tances of 50 feet. 

• Low data rates - kbps 

• Input and output voltage levels are not TTL compatible. 

• Logic l : -3 to -25 volt - Negative logic. 

• Logic 0 : 3 to 25 volt 

• Can operate in a full duplex manner, supporting concurrent data 
flow in both directions. 

• MAX 232 IC is normally termed as line drivers. 

• It is designed around transmission of characters (of 7 bits of 
length). Sends each bit in exactly the same length of time 

(7-1) 

'\ 
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• PC standard baud rate (see hyper terminal configuration) 

150, 300, 600, 1200, 2400, 4800, 9600, 14400,. 19200, 2_8800, 

33600,57600 

- - ---- -liitertace-ca'bie- - - - ---
------------------------

Fig. Q.1.1 Serial communication 

• It uses DB9 or DB25 connector to interface the PC serial port with 

external devices as Data Terminal Equipment (DTE) and Data 

Communication Equipment (DCE). 

• The RS-232 interface works in combination with UART universal 

asynchron�us receiver/transmitter. It is a piece of integrated circuit 

integrated inside the processor or controller. It takes bytes and 

transmits the -individual bits in a sequential fashion in a frame as 

shown in Fig. Q .1.1. 

Signal characteristics of RS232: This is the equivalent circuit for an 

EJA232 signal line and applies to signals originating at either the DTE 

or DCE side of the connection. "Co" is not specified in the standard, 

but is assumed to be small and to consist of parasitic elements only. 

"Ro" and "Vo" are chosen so that the short-circuit current does not 

exceed 500 mA. The cable length is not specified in the standard; 

acceptable operation is experienced with cables that are less than 25 

feet in length as shown in Fig. Q.1.2. 
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Vo 
< ± 25 v' -

Interface points 
3 • 7 kohms <50 Ohms / -u  \.w RL Ro -�------- • ! . N' 

' . 
' ' T <· · 

_LcL 
F -=-< .. ·�v C c ble l · 

OT -- · I"< 2500 p 

J 
.� 

�-- - �----.....:Gl) ! Pin 7, Ground Pin 7. Ground 
Generator Receiver 

Information flow __,... 

Fig. Q.1.2 Signal characteristics of RS232 

The frame format used for communication is shown in Fig. Q.1.3. 

The transmission rate of serial devices is called baud. It is the number 
of changes in the signal per second - Baud rate is the important 
property of any serial communication. 

!die state 
Receiver samples data i11 ce11ter of bit time 

L
_J __ J __ J __ J __ J __ J __ J __ J__ !die state 
: !' I 1 I I .. I 1 I 
:._ .. � _; ·- _2_ .. : __ 3 __ : _ _4_ .. : __ 5_ _; __ e __ : __ 1 __ ; __ a __ : Start bit ._ Data bits Minimum of . 

Bit time = 1. one stop bit 
r t-

Fig. Q.1.3 Asynchronous frame format 

Asynchronous serial transmission is widely used for the character 

oriented transmission. It has the speed limitations due to the fact that 

RS-232 is analog, therefore it is slo� (in computing terms). The 

Computer-baud rates : 110, 300,600, 1200, 2400, 4800, 9600, 19200 

etc 

Q.2 State features of RS485 with network topology used in 
communication. � [SPPU: May-19, Marks SJ 

� A G11i<le for E11gi11'eeri11g St11de11ts 
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. Ans. : RS485 Protocol : 

Silent features 

1. Uses balanced differential configuration with Multi-drop. 

2. Has 32 line drivers and receivers, can extend up to 256. 

3. High data speed: 35 Mbit/s up to 10 m and 100 Kbit/s at 1200 m. 

• RS-485, is a standard defining the electrical characteristics of 

drivers and receivers for use in balanced digital multipoint 

systems. 

• The standard is published by the ANSI Telecommunication 
Industry Association/Electronic Industries Alliance (TIA/EIA). 

• Digital communications networks implementing the EIA-485 

standard can be used effectively over long distances and in 

electrically noisy environments. 

• Multiple receivers may be connected to such a network in a 
linear, multi-drop configur�tion. These characteristics make 
such networks useful in industrial environments. and similar 
applications. 

• EIA-485 enables the configuration of inexpensive local 

networks and multi-drop communications links. It specifies 

electrical characteristics of the driver and the receiver. It does 

not specify or recommend any data .Protocol. 

• It offers high data transmission speeds (35 Mbit/s up to 10 m 

and 100 kbit/s at 1200' m). 

• Since it uses a differential balanced line over twisted pair it can 

span relatively large distances (up to 4000 feet or just over 

1200 meters). 

� . A G11idefor £11gi11eeri11g St11dents 
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• EIA-485 drivers need to be put in transmit mode explicitly by 

asserting a signal to the driver. 

• The equipment located along a set of EIA-485 · wires are 

interchangeably called nodes, stations and devices. The network 

topology used by EIA 485 is shown in Fig. Q.2.1. . 

• The RS485 network must be designed as one line with multiple 

drops, not as a star. Although total cable length may be shorter 

in a star · configuration, adequate tennination is not possible 

anymore and signal quality may degrade significantly. 

Node 1 NodeN 

•••• 

Node 2 Node N-1 

Fig . . Q.2.1 Network topology of EIA485 

• RS485 is. currently a widely used communication interface in data 
acquisition and control applications where multiple nodes 
communicate with each other. The communication media used is 
twisted pai.r of wires · to reduce the effects of noise and avoid 
malfunctioning in selection of node as shown in Fig. Q.2.2. 

0 

';<J_txL���� �-, -1 -,-'--t: ', 
Twisted pair cabie 

___.,.. Magnetic field 
- Induced noise current 

Fig. Q.2.2 Data communication In RS485 
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• Network topology is probably the reason why RS48� is now the 
favourite of the four mentioned interfaces in data acquisition and 
control applications. 

• RS485 repeaters are also available which make it possible to 
increase the .·number of ·nodes to several thousands, spanning 
multiple kilometers. 

• .And that with an interface which does not require intelligent 
network hardware: the implementation on the software side is not 
much more difficult than with RS232. 

• It is the reason why RS485 is so popular with computers, PLCs, 
micro controllers and intelligent sensors in scientific and technical 
applications. 

Q.3 Differentiate between RS232 and RS.485 serial communication 

protocols. Q' [ SPPU: May-16, 17, Marks 6] 

Ans. : Comparison between RS232 and RS485 : The comparison 
between RS232 and RS485 is given in Table Q.3.1. 

Table Q.3.1 Comparison 
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Q.4 Explain in depth use of 12C protocol with features 

Qt [SPPU: May-17, Marks 6) 

Ans. : Inter Integrated Circuit (12C) : • I2C is a synchronous serial 
bus protocol uses two wires, serial data (SDA) and serial clock (SCL) 
to carry information between the devices connected to the bus. 

• Each device is recognized by a unique address and can operate as 
either a transmitter (Master) or receiver (Slave). 

• A master is the device which initiates a data transfer on the bu3 and 
generates the clock signals to permit that transfer. At that time, any 
device addressed is considered a slave. 

• Both SDA and SCL are bi-directional lines and connected to a 
positive supply voltage via a current-source or pull-up resistor. 

• W�en the bus is free, both lines are ffiGH. 

• Devices-connected to the b:Js must have an open drain or open 
collector output for serial clock and data. 

� A Guide for Engi11eeri11g St11de11ts 
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• It is typically used for attaching low"·r-speed peripheral !Cs to 
processors and microcontrollers in short-distance, intra-board 
communication as shown in Fig._ Q.4.1. 

SCL 

SDA kw1Jwll�I� Wi%''"'�:�%%: 

--:;-

Fig. Q.4.1 Connection to serial devices on 12C bus 

Features: 

• A 2 wire serial protocol with data and control bus (SDA and SCL) 

• Unique start and stop conditions with bi-directional data.transfer. 

• Acknowledgement after each byte transfen-ed. 

• No limit on the number of bytes transferred 

• Has clock synchronization. 

• Transmission speed : Normal : 100 kHz, Fast mode: 400 kHz and 
HS-mode: 3400 kHz. 

• Maximum bus length of 4 meters. 

• Maximum drive capacity of 400 pf. 

• Real multi-master capability. 

• Compatible with most IC technologies (TTL, CMOS, etc.). 

• Has arbitration procedure. 

• I2C is a synchronous serial bus protocol 

� A Guide for E11gineeri11g S1111ients 
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• Two wires, serial data (SDA) and serial clock (SCL), carry 
information between the devices connected to the bus. 

• Each device is recognized by a unique address and can operate as 
either-a transmitter (Master) or receiver (Slave). 

• A master is tpe device which initiates a data transfer on the bus and 
generates the clock signals to pennit that transfer. At that time, any 
device addressed is considered a slave. 

• Both SDA and SCL are bi-directional lines, 
• Connected to a positive supply voltage via· a current-source or 

pull-up resistor. 
• When the bus is free, both lines are IIlGH 
• DeviCes connected to the bus must have an open drain or open 

collec�or output for serial Clock and data 

Q.5 · Explain Operation of 12C protocol with Start, Stop, data valid 
condition etc. and device addressing for data transfer . 

Ans. : 12C operation for Data Transfer : 
• Data transfer can be initiated only when the bus is not busy. 
• During data transfer, the data iine must remain stable whene:ver the 

clock .line is IIlGH. 
• Changes in the data !foe while the clock line is high will be 

interpreted as control signals .. 
• ·Accordingly, the following bus conditions have been defined : 

� Bus not busy: Both data and clock lines remain IIlGH. 
• START data transfer: A change in the state of the data line, from 

HIGH to LOW, while the clock is HIGH, defines a. START 
condition 

(':: :· �- �·_;;' A Guide j 'E11gi11et:(i11g St11tle11ts 
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• STOP data transfer : A change in the state of the data line, from 
LOW to IIlGH, while the clock line is IIlGH, defines the STOP 
condition. 

• Data valid : The state of the data line represents valid data when, 
after a START condition, the data line is stable for the duration of 
the IIlGH period of the clock signal. The data on the line must be 
changed during the LOW period of the clock signal. There is one 
clock pulse per bit of data. 

• The data on the line must be changed during the LOW period of 
the clock signal. There is one clock pulse per bit of data. 
o Each data transfer is initiated with a START condition and 

terminated with a STOP condition. 
o The number of data byte� transferred between START and 

STOP conditions is not limited, arid is determined by the master 
device. 

o The information is transferred byte-wise and each receiver 
acknowledges with a ninth bit. 

o Within the I2C bus specificatjons a standard mode (100 kHz 
clock rate) and a fast mode ( 400 kHz clock rate) are defined. 

• Acknowledge : The acknowledge-related clock pulse is generated 
by the master. The transmitter releases the SDA line (IIlGH) 
during the acknowledge clock pulse. The receiver must pull down 
the SDA line during the acknowledge clock pulse so that it remains 
stable LOW during the HIGH period of this clock pulse. Each 
receiving device, when addressed, is obliged to· generate an 
acknowledgement after the reception of each byte. 

� The master device must generate an extra clock pulse whieh is 
associated with this acknowledge bit. 

• A device that acknowledges must pull down the SDA line during 
the acknowledge clock pulse in such a way that the SDA line is 
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stable LOW during the HIGH period of acknowledge related clock 
pulse. 

• N number of data can be transferred. between start and stop 
conditions. 

• The detailed sequence of data transfer and initial conditions are 
shoWI1 in Fig. Q.5.1, Q.5.2 and Fig. Q.5.3. 

Start: 
SCL·Higl1 
SDA· H-L 

Stop: 
SCI.· High· 
SDA· L·H 

Start 
condition 

� 

Ack : Recipient 
drives i>DA low 

. Data valid : 
when S�L is high 

Fig. Q.5.1 Start, Stop, ACK and data valid condition 

__ mJ�-----

---�-3�8 
ACK 

Fig. Q.5.2 Data transfer frame in 12C 

Write data 

<n data bytes> 

Read data 

<n data bytes> last data byte 

Fig. Q.5.3 Data �ransfer format 

Stop 
condition 

A G11frle for E11gineerilig St1ule11ts 
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S = Start Condition, RJW = Read I Write, A = Acknowledgement, 
P =Stop 

Q.6 Compare SPI
'
, 12C and USART protocols. 

Ila" [SPPU: Nov.-15, May-16, Marks 8] 
Ans. : Comparison between 12C and SPI : The comp�rison between 
synchronous and asynchronous protocol is given in Table Q.6.1. 

Table Q.6.1 SPI, 12C and USART protocol comparison 

� A Guide for E11gilleeri11g St11de11ts 
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Q.7 Draw' and explain the block diagram of MSSP, SPI mode in 
detail. S" [SPPU: May-16,17, Dec-17, Nov.-15,16, Marks 8, 

May-22, 9 Marks ] 
Ans. : Master Serial Synchronous Port (MSSP) - SPI bus : 
• The Master Synchronous Serial Port (MSSP) module is a serial · 

interface useful for communicating with other peripheral or 
microcontroller devices. These peripheral devices may be serial 
EEPROMs, shift registers, display drivers, ND converters, etc. 

• The SPI mode allows 8-bits of data to be synchronously 
transmitted and received, simultaneously. 

• To accomplish communication, typically three pins are used: 

Serial Data Out (SDO) - RCS/SDO 

Serial Data In (SDI) - RC4/SDI/SDA 

Serial Clock (SCK) - RC3/SCK/SCL/L VDIN 
• Slave Select (SS) - RAS/SS/ AN4 (Additionally, a fourth pin may 

be used when in a Slave mode of operation) 

• The MSSP module has four regi_sters for SPI mode operation. 
These are: 

1. MSSP Control Register! (SSPCONl) - read and write, used to 
select the oscillator frequency, enable operation, and check for 
JOw and high level of clock. 

R/W-0 RJW-0 RJW-0 R/W-0 RIW�O RJW-0 RJW-0 R/W-0 

[wco�· ! SSPOV i -�-SPENTCKP'T SSPM3 JM SSPMlrSsPMlfSSPMO i 
�7 �o 
2 ... MSSP Status Register (SSPSTAT) - used for SPI and I2C 

modes with checking of edge for clocking·· and check for 
transfer of receive the data. 

RJW-0 RJW-0 R-0 R-0· R-0 R-0 R•O R-0 

I SMP I CKE I DIA I p I s I FJW. I UA I filJ 
bit 7 ., bit 0 

;·,._.,,,,._.�-------------------------------
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3. Serial Receive/Transmit Buffer (SSPBUF) - Utilized which 
data bytes are written to or read from controller. 

4. MSSP Shift Register (SSPSR) - Not directly accessible : 
SSPSR is the shift register used for shifting data in or out. 

• In receive operations, SSPSR and SSPBUF together create a 
double buffered receiver. When SSPSR receives a complete byte, it 
is transferred to SSPB� and the SSPIF interrupt is set. 

• During transmission, the SSPBUF is not double buffered. A write 
to SSPBUF will write to both SSPBUF and SSPSR. 

• The block diagram of MSSP - SPI ii shown in Fig. Q.7.1. The 
block diagram is divided into three parts 1. Data bus for 
communication along with SSPBUF and SSPSR register, 2.Data 
and clock selection for Master and Slave (DI, DO, and SS pin and 
3. Clock for shifting the data in and out. 

• The detailed explanation is summarized as 

1. When initializing the SPI, several options need to be specified. 
This is done by programming the· appropriate control bits 
(SSPCON1<5:0>) and SSPSTAT<7:6>. These control bits 

allow the following to be specified : 

o
. 

Master mode (SCK is the clock output) 

o Slave mode (SCK is the clock input) 

o Clock polarity (IDLE state of SCK) 

o Data i�t sample phase (middle or end of data output time) 

o Clock edge (output data on risi.ng I falling edge of SCK) 

o Clock rate (Master mode only) 

o Slave select mode (Slave mode only) 
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Fig. Q.7.1 MSSP SPI Mode 

2. The MSSP consists of a transmit I receive shift register 
(SSPSR) and a buffer register (SSPBUF). The SSPSR shifts the 
data in and out of the device, MSB first. 

3. The SSPBUF holds the data that was written to the SSPSR, 
until the rec.eived data is ready. Once the 8 bits of data have 
been received, that byte is moved to the SSPBUF register. Then 
the buffer full detect bit, BF (SSPSTAT<O>) and the interrupt 
flag bit, SSPIF are set. 

' 
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4. This double buffering of the received data (SSPBUF) allows the 
next byte to start reception before reading the data that was just 
received. 

5. Any write . to the SSPBUF register dur,ing 
transmission/reception of data will be ignored, and the write 
collision detect bit, WCOL (SSPCONl <7> ), will be set. 

6. User software must clear the WCOL bit so that it can be 
determined if the following write(s) to the SSPBUF register 

completed successfully. 

7. The SSPSR is not directly readable or writable and can only be 
accessed by addressing the SSPBUF register. 

· 8 ... Additionally, the MSSP Status register (SSPSTAT) indicates 
the various status conditions. 

Q.8 Explain function of MSSP, 12C mode with registers. 

Ans. : MSSP structure 12C BUS 

• The MSSP module in I2C mode fully .implements an
· 
master and 

slave functions arid provides interrupts on start and stop bits in 
hardware to determine a free bus (multi-master function). 

• The MSSP module implements the standard mode specifications, 
as well as 7-bit and 10-bit addressing. 

• Two pins are used for data transfer : 

Serial clock (SCL) -RBl/ANlO/INTl/SCK/SCL 

Serial data (SDA) -RBO/AN12/1NTO/FLTO/SDI/SDA 

• The user must configure these pins as inputs by setting the 
associated TRIS bits. 

• The I2C protocol supports either a 7-bit addressing mode, or a 
10-bit addressing mode, permitting 128 or 1024 physical devices to 
be on the bus. 

� A Guide for £11gineeri11g St11<1ents 
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• According to the I2C specification, all changes on the SDA line 
must occur while the SCL line is low. Th!� restriction allows two 
maique conditions to be detected on the bus; Start and Stop 

• ·A START sequence occurs when the master device pulls the SDA 
line low while the SCL line is high. 

• The I2C protocol also permits a Repeated Start condition (RS), 
which allows the master device to execute a ST ART sequence 
without preceding it with a STOP·sequence 

A. 12C Bus registers 

• The MSSP module has six registers for I2C operation these are : 
• MSSP Cont�ol Registerl (SSPCONl) 

R/W-0 R/W-0 R/W-0 R/W-0 R/W-C 

WCOL . SSPOV SSPEN CKP SSPM3 

bit 7 

• MSSP Control Register2 (SSPCON2) 

R/W-0 R/W-0 R/W-0 

SSPM2 SSPMI SSPMO 

bitO 

, _R!W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 

I 
GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN 

�7 �o 

• MSSP Status Register (SSPSTAT) 
R/W-0 R/W-0 R-0 R-0 R-0 R-0 R-0 R-0 

I SMP CKE DIA p s R/\'/12·31 UA BF I 
bit 7 

• Serial Receive/Transmit Buffer (SSPBtJF) 
bitO 

• MSSP Shift Register (SSPSR) - Not directly accessiJJle 
• MSSP Address Register (SSP ADD) 
• SSPCONl , SSPCON2 and SSPSTAT are the control and status 

registers in I2C mode operation. The SSPCONl and SSPCON2 
registers are readable and writable. 

(��� ---·- . ---"'·-· A Guide.for E11gineeri11g Students 
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· • The lower 6 bits of the SSPSTAT are read only. The upper two bits 
of the SSPSTAT are read/write. 

• SSPSR is the shift register used for shifting data in or out. SSPBUF 
is the buffer register to which data bytes are written . to or read 
from. 

• SSP ADD register holds the slave device address when the SSP is 
· configured in I2C slave mode. 

• When the SSP is configured in master mode, the lower seven bits 
of SSPADD act as the baud rate generator reload value. 

• In r�ceive operations, SSPSR and SSPBUF together, create a 
double buffered receiver. When SSPSR receives a complete byte, it 
is transferred to SSPBUF and the SSPIF interrupt is set. 

• During transmission, the SSPBUF is not double buffered. A write 
to SSPBUF will write to both SSPBUF and SSPSR. 

Q.9 Draw and explain the block diagram of MSSP, 12C slave mode 

in detail. Qi" [SPPU: May-22, Marks 9, May-18,19, Nov.-18, Marks 8] 

Ans. : MSSP 12C Slave Mode 

• The MSSP module in I2C mode fully implements all master and 
slave ±Unctions and provides interrupts. on start and stop bi.ts in 
hardware to determine a free bus (multi-master function). 

• The MSSP module implements the standard mode specifications, 
as well as 7-bit and 10-bit addressing. 

• Two pins are used for data transfer : 
Serial clock (SCL) - RB l/ANlO/INTl/SCK/SCL 

Serial data (SDA)- RBO/AN12/1NTO/ FLTO/SDVSDA 
• The MSSP module functions are enabled by setting MSSP Enable 

bit, SSPEN (SSPCON1<5>). The SSPCONl register allows 
. control of the I2C operation. Four mode selection ·bits 
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.(SSPCONl <3:0>) allow one of the following I2C modes to be 
selected: 

o I2C Master mode, clock 

o I2C Slave mode (7··bit address) 

o I2C Slave mode (10-bit address) 

o I2C Slave mode (7-bit address) with start and stop bit interrupts 
enabled 

o I2C Slave mode (10-bit address) with start and stop bit 
interrupts enabled 

_,/'•"''""..,'•""''.'''""·'"'....,•"'•'•WMW . ...,w.w,•,,.,,.w,,.,,.,.........,.,.,.,�w...,.,._.,,...,.,..,"'w.'" ........ ..,.WhY..,.W . ...,w,.,...,w ... .,.....,. __ w,,\ 

$W7rmm= lnt�1 nal diiita bt..<.1\ 

Ad:-.;tr ff:<-W�h 

bit;{�����-� �g; 
'<.,,

,,.,,.,._._...,._w.-.-.w,.-.-,.,..,..,,.,._,.,.,.,.,,_,,.,,.,,., .. , .... ,,.....,,...�,.,._,, ............ ....., ...... ,, 
.
... ,., .... ,,.,.,,,, 

. 
.-,w,--.,..,,..,..,.,.,.,,...,_...,"<W;.-.w,..._,,_,..,,,...,

.,,,,_HW''' 

Fig. Q.9.1 12C block diagram slave mode 

• I2C Finnware controlled master mode, slave is Idle Selection of 
any I2C mode with the SSPEN bit set forces the SCL and SDA 
pins to be open-drain, provided these pins are programmed as 
inputs by setting the appropriate TRISC or TRISD bits. To ensure 
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proper operation of the module, pull-up resistors must be provided 

externally to the SCL and SDA pins. A simplified block diagram 

ofl2C mode is shown in Fig. Q.9.1. . 

• In Slave mode, the SCL and SDA pins must be configured as 
inputs (TRISC<4:3> set). The MSSP moduie will override the 
input state with the output data when required (slave-transmitter). 

• The I2C Slave mode hardware will always generate an interrupt on 

an address match. Address masking will allow the hardwar� to 

generate an inten·upt for more than one address (up to 31 ih 7-bit 

addressing and up to 63 in 10-bit addressing). 

• Through the mode select bits, the user can also choos� to interrupt 

on start and stop bits. When an address is matched, or the data 

transfer after an address match is received,. the ·hardware 

. automatically wiil generate the Acknowledge (ACK) pulse and 
load the SSPBUF register with the received value currently in the 
SSPSR register. 

• Any combination of the following conditions will cause the MSSP 
module not to give this ACK pulse : 

• The Buffer Full bit, BF (SSPSTAT<O>), was set before the transfer 
was received. 

• The overflow bit, SSPOV (SSPCON 1 <6> ), was ser before the 
transfer was received. 

• In this case, the SSPSR register value is not loaded into the 
SSPBUF, but a bi.t, SSPIF, is set. The BF bit is cleared by reading 
the SSPBUF register, while bit, SSPOV, is cleared through 
software. 

• Once the MSSP module has been enabled, it waits for a start 
· condition to occur. Following the start condition, tbe 8 bits are 

shifted into the SSPSR register. All incoming bits are sampled with 
·the rising edge of the clock (SCL) line. The value of register 

SSPSR<7:1> is compared to the value of the SSPADD register. 
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• The address is compared on the falling edge of the eighth clock 
(SCL) pulse. If the addresses match and the BF and SS.POV bits 
are clear, the following events occur : 

1. The SSPSR register value is loaded into the SSPBUF register. 

2. The Buffer Full bit, BF, is set. 

3. An ACK pulse is generated. 

4. The MSSP Interrupt Flag bit, SSPIF, is set (and interrupt is 
generated, if enabled) on ·the falling edge of the ninth SCL 
pulse. 

• Reception : When the R/W bit of the address byte is clear and an 
address ·match occurs, the R/W bit of the SSPSTAT register is 
cleared. The received address .is loaded into the SSPBUF register 
and the SDA line is held low (ACK). 

• Transmission:· When the R/W bit of the incoming address byte is 
'set and an address match occurs, the R/W bit of the SSPSTAT 
register is set. The received address is loaded into the SSPBUF 

' . 

register. The ACK pulse will be sent on the ninth· bit and pin 
RBl/ANlO/INTl/SCK/SCL is held low regardless of SEN. 

Q.10 Draw and explain the block diagram of MSSP, 12C Master 
mode in detail. Qr [SPPU: Nov.-16, Marks. 8] 
Ans. : · MSSP 12C Master Mode 

• Master mode is enabled by setting and clearing 1�1e appropriate 
SSPM.bits in SSPCONl and by setting the SSPEN bit. T,n Master 
mode, the SCL and SDA lines are manipulated by the MSSP 
hardware if the TRIS bits are set. 

• Master mocie operation is supp0rted by· interrupt generation on the 
detection of the start· and stop conditfons. The Stop (P) and 
Start (S) bits are cleared from a Reset or wlien the MSSP module is 
disabled. 
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• Control of the I2C bus may be taken when the P bit is set or the 

bus is Idle, with both the S and P bits clear. 

• In Firmware Controlled Master mode, user code conducts all I2C 
bus operations based on stru.1 and stop bit conditions. 

• Once master mode is enabled, the user has six options : 

1. Assert a start condition on SDA and SCL. 

2. Assert a repeated start condition on SDA and SCL. 

3. Write to the SSPBUF register initiating transmission of data 

I address. 

4. Configure the I2C port to receive darn. 

5. Generate an acknowledge condition at the end of a received 

byte of data. 
6. Generate a stop condition .on SDA and SCL. 

• The following events will cause the MSSP Interrupt Flag bit, 
SSPIF, to be set (and MSSP interrupt, if enabled): 

• Start condition, Stop condition, Data transfer byte transmitted 

I received, Acknowledge transmit, Repeated Start. 

• Fig. Q.10.1 Shows the MSSP I2C master mode configuration. 

(Refer Fig. Q.l 0.1 on next page) 

Operation of master mode : 

The master device generates all of the .serial clock pulses and the st'art 

and stop conditions. A transfer is ended with· a stop condition or with a 

repeated start condition. Since the repeated start condition is also the 

begir..ning of the next serial transfer, the I2C bus will not be released. 

In Master Transmitter mode, serial data is output through SDA, while 

'"' 
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Fig. Q.10.1 MSSP 12C master mode 

SCL outputs the serial clock. The first byte transmitted contains the 
slave address of the receiving device (seven bits) and the Read/Write 
(R/W) bit. In this case, the R/W bit will be logic · o·

·

. Serial data is 
transmitted eight bits at a time .. After each byte is transmitted, an 
Acknowledge bit is received. Start and stop conditions are output to 
indicate the beginning and the end of a serial transfer. In master 
receive mode, the first byte t;:ansmitred contains the slave address of 
the transmitting device (7 bits) and the R/W bit. In this case, the R/W 
bit will be logie '1' Thus, the first byte transmitted is a 7-bit slave 
address followed by a ' 1 '  to .indicate the receive bit. Serial data is 
received via SDA, while SCL outputs the serial clock. Serial data is 
received eight bits at a time. After .each byte is received, an 
Acknowledge bit is transmitted. Start and Stop conditions indicate the 
beginning and end of transmission. The baud rate Generator used for 
the SPI mode operation is used to set the SCL clock frequency for 
either 100 kHz, 400 kHz or 1 MHz 12C operation. 
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A typical transmit sequence would go as follows : 
"' . 

1. The user generates a start condition by setting the Start Enable 
bit, SEN (SSPCON2<0>). 

2. SSPIF is set. The MSSP module will wait the required. start 
time before any other operation takes place. 

3. The user loads the SSPBUF with the slave address to transmit. 

4. Address is shifted out the SDA pin until all eight bits are 
transmitted. 

5. · The MSSP module shifts in the ACK bit from the slave device 
and writes its value into the SSPCON2 regist;-r 
(SSPCON2<6> ). 

6. The MSSP module generates an interrupt at the end of the ninth 
clock cycle by setting the SSPIF bit. 

7. The user loads the SSPBUF with eight bits of data. 

8. Data is shifted out the SDA pin until all �ight bits are 
transmitted. 

9. The MSSP module shifts in the ACK bit from the slave device 
and writes its value into the SSPCON2 register 
(SSPCON2<6> ). 

10.The MSSP module generates an interrupt at the end of the ninth 
clock cycle by setting the SSPIF bit. 

1 1 .The user generates a Stop condition by setting the Stop Enable 
bit, PEN (SSPCON2<2> ). · 

. 

. 

1 2.Interrupt is generated once the Stop condition is complete. 

Q.11 Explain the use of BRGH register for calculation of Baud 

rates in USART . .u:i> [SPPU: May-22, Marks-9, May-17 ,18, Dec.-18, Marks 8] 

Ans.: USART Baud Rate Generator (BRG) 
• The BRG is a dedicated 8-bit, or 1 6-bit, generator that supports 

both the asynchronous and synchronous modes of the U�ART. By 
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default, the BRG operates in 8-bit mode. Setting the BRG 16 bit 
(BAUDCON<3>) selects 16-bit mode. . . 

• It is a dedicated 8-bit baud rate· generator. The SPBRG register 
controls the period of a free running 8-bit timer. In Asynchronous 
mode, bit BRGH (TXSTA<2>) also controls the baud rate. 

• Calculation of baud rate for different USART modes, which only 
apply �n master mode (internal clock). 

• The data on the RC7/RX/DT pin is sampled three times by a 
majority detect circuit to determine if a high or 'a low level is 
present at the RX pin. For example 

1' Fosc = 10 MHz, Desired Baud Rate= 9600, BRGH = 0, SYNC= 0 
• Given the desired baud rate and Fosc, the nearest integer value for 

the SPBRGH : SPBRG registers can be calculated using the: 
equation 1. From this, the error in baud rate can be detennin.ed. An 
example 

Desired baud rate = Fosc I (64(X+ 1)) ... (1) 

X = [Fosc I (Desired baud rate x 64)] -1 

Find value ofX = [Pose I (Desired baud rate ·x 54)]..:. 1 

[1o·x106 I (9600 x 64)]- 1 '· 

= [156250 I 9600] - 1 

15.27 = 15 

It may be advantageous to use the high baud rate (BRGH = 1) even for 
slower baud clocks. This is because the Fosc/(16(X + 1)) equation can 
reduce the baud rate error in some cases. 

Writing a new value to the SPBRG register causes the BRG timer to 
be reset (or cleared). This ensures the BRG does not wait for a timer 
overflow before outputting the new baud rate.· The calculation of low 
and high baucl rate is shown in Table Q.11.1 

-·· --· . � 
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Table Q.11.1 Calculation of BRG value 

r""��:����:�, �""W:;:j:::::::·W--•-w-y:;::::�::::�:;;WWo'�'�,::::�:::::::::::,''"] 
! L����i�•�w-.w""'"'''"°"' '" ''•"<o "' -·· rno.wwwo!�;��'�1������'.�'..t:'1���!������L, 

Q.12 Find the value to be JQaderl into SPBRG register for baud rate 
. of 1200, 2400, 4800, 9600, 192.00 and 38400 for 

10 MHz oscillator. BRGH = 0 and 1 
Ans. : Value to be loaded in SPBRG register for BR of 1200 is 
BRGH=O 

� � 

X = [F osc/ (Desired baud rate x 64)] - 1 

[156250 I Desired BR]-" 1 

(156250 I 1200] -1 
= (129)10 = (81)16. 
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Value to be loaded in SPBRG register for BRof 1200 is BRGH = 1 · 

X = [Fosc I (Desired baud rate x 16)] -1 

= [625000 I Desired BR] - 1 

= [625000 I 1200] - 1 

= (520)10 = (208)16 

Q.13 Explain concept of USART trans· receiver with TXSTA and 
RCSTA regisers. 

Ans. : Universal asynchronous receiver transmitter 

• The Universal Sync�onous Asynchronous Receiver Transmitter 
(USART) module is one of the two serial I/O modules. _(USART is 
also known as a Serial Communications Interface or SCI.) .· 

• The USART can be configured as a full duplex asynchronous 
system that can communicate with peripheral devices, such as CRT 
terminals and personal computers, or it can be configured as a half· 
duplex synchronous system that can communicate with peripheral 
devices, such as AID or DIA integrated circuits, serial EEPROMs, 
etc. 
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• The USART can be configured in the following modes: 
o Asynchronous . (full-duplex), Synchronous - Master (half

duplex), Synchronous - Slave (half-duplex) 
• In order to configure pins RC6/TX/CK and RC7 /RX/DT as the 

Universal Synchronous Asynchronous Receiver Transmitter : 

o bit SPEN (RCSTA<7>) niust be set(= 1), 

o bit TRISC_<6> must be ·cleared (= 0) and 
o bit TRISC<7> must be set (= 1 ). 

1. Transmit Status and.Control Register (TXSTA) 
It is 8 bit register used to select synchronous/asynchronous mode and 
data framfo.g size .. The various bits used in TXSTA has different 
functions, D6 b:� decides the data size to be communicated. The D2 
bit BRGH is used to select the higher speed of transmission. 
The default is lower baud rate transmission in asynchronous mode. 

l 
1 R/W -0 R/W-0 R/W-0 Riw-0 R/W-0 Rlw -0 R/W ·"l R/W -0 ! 

CSRC l TX9 

I bit 1 
L.., __ .;,_,, _________________ _ 

Transmit control register (TXST A) 

2. Receive Status and Control Register (RCSTA) : 

bit 0 ! 
i ,.,. .,,,,; 

It is 8 bit register, used to enable the serial port to receive data. 
��-----------��-"'! 

R/W-0 R/W -0 R/W-0. R/W -0 R/W �o R-0 R·l R-x j 

__ ,���� J �9 sRE�--=��-�o��-1 FE�]-�E�-L���.J l bit 7 "'--���,J 

� 

Receiver status and control register 

0 �· 
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Q.14 Draw and explain block diagram of USART Transmitter 

Q' [SPPU: Dec-18, May-17,18, Marks 8] 
Ans. : USARr Transmitter 

• · The USART transmitter block diagram is shown in Fig. Q.14.1 
The .heart of the transmitter is the Transmit (Serial) Shift Register 
(TSR). 

• The shift register obtains its data .from .the Read/Write Transmit 
Buffer register, TXREG. The TXREG register is loaded with data 
in software. 

• The TSR register is not loaded until the stop bit has been 
transmitted from the previous load. 

• As soon as the stop bit is transmitted, the 'rSR is loaded with new 
data from the TXREG register (if available). 

• Once the TXREG . register transfers the data to the TSR register 
(occurs in one ICY), the TXREG register is empty and the TXIF 
flag bit (PIRl <4>) is set. 

• This interrupt can be enabled or disabled by setting or clearing the 
interrupt enable bit, TXIE (PIE1<4>). 

• When TSR fetches the data fromTXREG, it clears the TMR.T flag 
bit indicatin'g it is full. TSR is parallel in serial out shift register . 
and not· accessible to the programmer. Only write to TXREG 
automatically load the TSR. 

• TXIF wil.I be set regardless of the state of TXIE; it cannot be 
-::!eared in software. TXIF is also not cleared immediately upon 
loading TXREG, but becomes valid in the second instruction cycle 
following the -load instruction. 
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• · Polling TXIF immediately following a load of TXREG will return 
invalid results. 

• While TXIF indicates the status of the TXREG register, another 
bit, TRMT (TXSTA<l >), shows the status of the TSR register. 
TRMT is a read-only bit which is set when the TSR register is 
empty. No interrupt logic is tied to this bit so the user has to poll 
this bit in order to determine if the TSR register is empty. 

_I� _J 

9 l 
I 

Interrupt 

TXEN 
Baud rntfi Cl.KE 

Baud rate generator 
rr�,· 

TXfi 

i1z1£��re1 
! 
' 

i t •i ; 
l\�:ff�.B.®.Ng( 

Fig. Q.14.1 USART transmitter block diagram 

• The TXCKP bit (BAUDCON<4>) allows the TX signal to be 
inverted (polarity reversed). Devices that buffer signals from TTL 
to RS-232 levels also invert the signal. Inverting the polarity of the 
TX pin data by setting the TXCKP bit allows for use of circuits 
that provide buffering without inverting the signal. 
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Q.11 Draw and explafn block dl19l'am of USART Receiver 

Ans. : USART Receiver 

The receiver block diagram is shown in Fig. Q.15.l The data is 
received on the RX pin and drives the data recovery block. The data 
recovery block is actually a high speed shifter operating at x16 times 
the baud rate, whereas the main receive serial shifter operates at the bit 
rate or at Pose. This mode would typically be used in RS-232 systems. 
The RXDTP bit (BAUDCON<5>) allows the RX signal to be inverted 
(polarity reversed). Devices that buffer signals from 
RS-232 to TTL levels also perform an inversion of the signal (when 
RS-232 =positive, TTL= 0). Inverting the polarity of the RX pin data 
by setting the RXDTP bit allows for the use of circuits that provide 
buffering without inverting the signal. 

To set up an asynchronous reception : 

1. Initialize the SPBRGH : SPBRG registers for the appropriate 
baud rate. Set or clear the BRGH and BRG16 bits, as required, 
to achieve the desired baud rate. 

2. Enable the asynchronous serial port by clearing bit, SYNC and 
setting bit, SPEN. 

3. If the signal at the RX pin is to be inverted, set the RXDTP bit. 

4. If interrupts are desired, set enable bit, RCIE. 

5. If 9-bit reception is desired, set bit, RX9. 

6. Enable the reception by setting bit, CREN. 

7. Flag bit, RCIF, will be set when reception is complete and an 
interrupt will be generated if enable bit, RCIE, was set. 

8. Read the RCSTA register to get the 9th bit (if enabled) and 
determine if any error occurred during reception. 

9. Read the 8-bit received data by reading the RCREG register. 
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Fig. Q.15.1 USART receiver block diagram 

Data bus 

10.If any error occurred, clear the error by clearing enable bit, 
CREN. 

11.If using interrupts, ensure that the · GIE and PEIE bits in the 
INT CON register (INTCON<7.:6>) are set. 

Q.16 Write an embedded C program to interface serial port with 

PC for both side communication and· displaying . key pressed on 

LCD and hyper tenntnal 

Ans. : Serial Communication Program 

/*Baud Rate GENERATION 

"- n = > required baudrate. 

* BRGH . = 0 

* SPBRG = (Fosc I (64 * n)) -1 

•For 9600 baudrate, SPBRG -=77 

•I #include<p18F4650.h> 

# include<stdio.h> 

#include "LCD_SIT.h" 

· #define Fosc 48000000UL 

void InitUART(unsi�ned int baudrate); 
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void SendCnar(unsigned char data); 

void putch(unsigned cha; data); 

unsigned char GetChar(void); 

void main(void) 

{ 

} 

InitUART(9600); 

printf("\r\nHello, Enter any Key from Keyboard\r\n"); 

Init_LCD(); 

lcdcmd('Jx80): 

MSdelay(50); 

while(l) 

{ 
printf("%c",GetChar()); //Receive character from PC and echo back 

lcddata(RCREG ); 

· MSdelay(50); 

} 

void InitUART(unsigned int baudrate) 

{ 
THISCbits.RC6 = O; I /TX pin set as output 

TRISCbits .RC7 = 1; //RX pin set as input 

SPBRG =(unsigned char)(((Fosc /64)/baudrate)-1); 

BAUDCON = ObOOOOOOOO; //Non-invertsd data; 8-bit baud 
//rate generator 

TXSTA = Ob00100000; /I Asynchronous 8-bit; Transmit 

RCSTA = OblOOlOOOO; 

} 

void SendChar(unsigned char data) 

{ 

� 

//enabled; Low speed 

11 baudrate select · 

I /Serial po:t enabled; 8-bit data; 
I I single receive enabled 

A Guide/or Engineeri11g Swd:nts 
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while (TXSTAbits.TRMT =-= 0); //Wait while transmit regiFt.er is 

//empty 

TXREG = data; //Transmit data 

} 
void putch(unsigned char data) 

{ 
SendChar(data); 

} 
unsigned char GetChar(void) 

} 

Q.17 State featUl·es of RTC and draw an interfacing diagram to 
interface with PIC. 

Q' [SPPU: May-22, Marks 9, May-18,17, Dec.-17,18, Nov.-16] 

Ans. : Real Time Clock (RTC) Interface with 12C 

Real time clock is used to synchronize all the operations of CPU and 

avoid the malfunction in real time considerations. 

Features of RTC DS1307 : The DS 1307 serial Real-Time Clock 

(RTC) is a low-power, full binary-coded decimal (BCD) 

clock/calendar. 

• 56-Byte, Battery-Backed, Non-volatile (NV) SRAM for data 

storage 

• The crystal frequency is 32.768 kHz 

• Address and data are fransferrerl serially through an I2C™, 

bidirectional bus. 

• Real-Time Clock (RIC) clock/calendar. counts seconds, minutes, 

hours, date of the month, month, day of the week, and year with 

leap-year compensation valid up to 2100 

• The end of the month date is automatically adjusted for months 

with fewer than 31 days, including corrections for leap year. 

• The clock operates in either the 24-hour or 12-hour format with 

AM/PM indicator. 
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• Programmable square-wave output signal (1,4,8,64 kHz outpµt) 
• Signal automatic power-fail detect and $witch circuitry 
• Consumes less than 500 nA in battery - backup Mode �th . 

oscillator running 
• Optional industrial temperature range : - 40 °C to + 85 °C 

Operational Tips for DS1307. 

• The DS 1307 operates as a slave device on the I2C bus. Access is 
. obtained by implementing a START condition and providing a 

device identification code followed by a register address 

• Subsequent registers can be accessed sequentially until a STOP 
condition is executed. When VCC falls below 1.25 x VBAT, the 
device terminates an access in progress and resets the device 
address counter. 

• Inputs to the device will not be recognized at this time to prevent 
erroneous data. from being written to the device from an out�or� 
tolerance system. 

• When VCC falls below VBAT, the devic'e switches into a low
current battery-backup mode. ------:;-------�1 

··�, .. , .. , . .. , .. 

� 

! 
::;:1r- � 
� 7 �' i 

I 
I 
! 
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Fig. Q.17.1 RTC Interface to PIC18FXXXX. 
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• Upon power-up, the device switches from battery to VCC when 

VCC is greater than VBAT +0.2 V and recognizes inputs when 
VCC '.,-s greater than 1.25 � VBAT. 

• The c-0mple!,e interface diagram is shown in Fig. Q.17 .1 

Q.18 Draw an lntedaclng diagram of RTC with PIC ? Write an 

lnltlaUzatlon Program. 

IEI" [SPPU: May-22 Marks 9, May-15,17,16, Nov.-15,16, April-13, Marks 8) 

OR Draw an interlacing diagram to Interlace· the RTC and \llirlte an 

embedcled
. 
C program to display the time on LCD. (Only remove the 

features) 

Ans. : lntttrfaclng diagram of RTC 

The Complete interfacing diagram of RTC is same is Fig. Q.17 .1. 

Program; 

Initialization program to display time on LCD display using RTC 

#include <p18f4550.h> 

#include< stdio.h> 

#include "LCD_SIT.h" 
#include "I2C_SIT.h" 

void set_time(unsigned char address, unsigned char x); 
unsigned char get_time(unsigned char address); 
void decode(unsigned char val); 

void init_data(void); 

unsigned char str[16]; 

voi�main() 

{ 
Unsigned char sec,min,hrs,date,month, year,Unit, ten; 
i2c _interface_ init(); 

SSPADD = 126; //set i2c clock 
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SSPCONl= ObOOOOlOOO; //I2C Master mode, 
clock= FOSC/(4 * (SSPADD + 1)) 
SSPSTATbits.SMP = 1; //Slew rate control disabled 
for Standard Speed mode (100 kHz and. 1 MHz) 

SSPCONlbits.SSPEN = 1; //Enables the serial port and 
configures the SDA 

init_data(); 

sec= get_time(O); 
min= get_time(l); 
hrs = get_time(2); 
date = get_time(4); 
month = get_time(5); 
year= get_time(6); 

i2c_interface_deinit(); 

Init_LCD(); 

and SCL pins aEl the serial port pins 
//ROUTINE TO SET TIME. 

//Uncomment after time set to the RTC 

while(l) 

{ 

} 

sprintf(str, "Date:%02x/%02x/%02x" ,date,month, year); 

lcdcmd(Ox80); 

MSdelay(50); 

LCDDispl8:yStr(str); 

sprintf(str,"Time:%02x:%02x:%02x",hrs;min,sec); 

lcdcmd(OxCO); 
MSdelay(50); 
LCDDisplayStr(str); 

} 

void set_ time{unsigned char address, unsigned char x) // sets time 

{ 
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} 

i2c_stait(); 
i2c_write(RTC_ADD); 
i2c_wrlte(address); 
i2c _ write(x); 
i2c_stop(); 

·return; 

unsigned char get_time(unsigned char address) //Gets time 

{ 

} 

unsigned char data; 
i2c_start(); 
i2c_write(RTC_ADD); 
i2c _write( address); 
i2c _restart(); 
i2c_write(RTC_ADD r Ox01); 
SSPCON2bits.ACKDT= 1; 
data=i2c_read(); 
i2c�stop(); 
return (data); 

vo�d decode(unsigned char val) // Function separates the variable into 
higher and lower nibble 

{ 
unsigned char teris,units; 

. tens =val> >4; 

} 

units =val&OxOF;. 
MSdelay(50); 
lcddata(tens+48); 
MSdelay(50); 
lcddata(units+48); 
MSdelay(50); 
return; 

void init _data{ void) 

{ 
set_time(Cx00,0x45); //seconds 

"���nf"\� A t":n:1T,,, {'...,,. J:",.n;.,,,,,,.;.,,.,. �t .. .rlnoot" 
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set_time{Ox01,0x57); · //Minutes 

set_time{Ox02,0x11); II Hours along with 12hours and 

/I AM/PM selection 

set_time(Ox03,0x06); //Day 

} 

set_time(Ox04,0x19); //Date 

set_time(Ox05,0x08); II Month 

set_time(Ox06,0x14); II Year 

Q.19 State features of EEPROM, Draw an lnterfaclQg diagram · 

EEPROM using SPI protocol with PIC 18FXXXX . 
... (SPPU : May•22, Mairlta t) .· · 

Ans. : EEPROM Interface with 12C and SPI 

• The AT24C02N04A provides 2048/4096 bits of serial electrically 
erasable and programmable read-only memory (EEPROM) 
organized as 256/512 words of 8 bits each. 

Features 
• Write protect pin for hardware data protection: utilizes different 

arrayprotection compared to the AT24C02N04A 
• Medium-voltage and standard-voltage operation ; 

5.0 (VCC = 4.5 V to 5.5 V) and 2.7 (VCC = 2.7 V to 5.5 V) 
• Internally organized 256 x 8 (2 K), 512 x 8 (4 K) 
• Two-wire serial interface. 

• Schmitt trigger, filtered inputs for noise suppression. 
• Bidirectional data transfer protocol. 
• 400 kHz (2. 7 V, 5 V) Clock rate. 
• 8-byte Page (2 K), 16-byte Page (4 K) write modes. 
• Partial page writes allowed. 
• Self-timed write cycle (5 ms Max). 
• High reliability. 
• Endurance : One million write cycles. 
• Data Retention : 100 Years. 
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• Lead-Free/Halogen-Free devices available. 

• 8-lead PDIP, 8-lead JEDEC SOIC, and 8-lead TSSOP Packages. 

Interfacing of EEPROM with SPI Bus : 

• Serial Peripheral Interface (SPI) is .a synchronous serial data 

protocol used by microcontrollers for communicating with one or 

mort: peripheral devices.quickly over short distance�.·lt can also be 

used for c0mmunication between two microcontrollep 

• EEPROM (electrically erasable programmable read�y memory) 

. is user-modifiable read-only memory (ROM) that:CU. be msscd 

and reprogr;unmed (written to} repeatedly through·.the application 

of higher than normal electrical voltage. 

• It is a type of non-volatile memory used in computers and other 

electronic devices to store small amounts of data ·that must be 

saved when power is removed, e.g., calibration tables or device 

configuration. 

• With an SPI connection there is always one master dtvice (usually 

a microcontroller) which controls the peripheral devices. Typically 

there are three lines common to all the devices, • 

o Master In Slave Out (MISO) - The Slave line for sending data 

to the master, 

o Master Out Slave In (MOS!) - The Master line f0r Sending data 

to the peripherals, 

o Serial Clock (SCK) - the clock pulses which synchronize data 

transmission generated by the master and . , 

o Slave Select pin - the pin on each device that the master can use 

to enable and disable specific devices. When a device's Slave 

Select pin is low, it communicates with the master. When it's 

high, it ignores the master. 

o The SPI Controller here acts as a master device and controls 
EEPROM which acts. as a slave. The read-write operations are 

� • A Guide for E11gi11eering S111de11ts 
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accomplished by sending a set of control signals including the 
address and/or data bits. The control signals must be 
accompanied.with proper clock signals. 

o The basic operation of the SPI . based EEPROM's is to send a 
command, such as WRITE, followed J:>y an address and the 
data. In WRITE operation, the EEPROM to store the data. 

o . Four numbers of EEPROM lines are controlled by SPI Enabled 
drivers. The SPI Lines Chip Select of CS (PORTC.O), serial 
clock of CLK (PORTC.3), serial input data of :M::rso 
(PORTC.4) and serial output data of MOSI (PORTC.5) 
connected to the SPI based serial EEPROM IC. The EEPROM 
read & write operations are done in PIC 18F interface by using 
these CS, CLK, MOS!, MISO SPI lines. As shown in 
Fig. Q.19.1 · 

c�l2 pF . 
C
v 1 ( 13 

1 Y18 
22 pF r==i ·10 _pr T M�: 

VDD 

0lr u 
C64 

:li r:...-...., � 

'• 

VOD 

Tl R49 . R50 
4.7 K ·7 K 

_J 

Fig. Q.19.1 EEPROM interface with PIC18FXXXX 

Q.20 Write an PIC18 C program to read, write and erase contents 

of SPI. EEPROM. 

....... """ .... ;;;:;;;;;;�;;;;;;;;;;;;;;;;;;;;;;;;:;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 
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Ans. : Program 

#include <pic.h> 
#include< stdio.h > 

_CONFIG(Ox3f72); //HS oscillator,BODEN,PWRT and disable others 

#define FOSC 10000 //lONihz==>lOOOOKhz 
#define EAUD_RATE 9.6 //9600 Baudrate 
#define BAUD_ VAL (char)(FOSC/ (16 * BAUD_RATE )) -1; 
//Calculation For 9600 Baudrate @10Mhz 
//SP! lines 
#define CS RCO //Chip select ON RC2 
#define SI RC5 //Master Out Slave In 
#define SO RC4 //Master in slave out 
#define SCK RC3 //Clock 

/*SP!_ CO.MMANDS* I 
#define READ Ox03 
#define WRITE Ox02 
#define WRDI Ox04 
#define WREN Ox06 
#define RD$R Ox05 
#define WRSR OxOl 

unsigned char i,a,j; 
unsigned char Msg[) ="SP! TEST Program"; 
void Serial_init(void); 
void SPi_init(void); 
void SPi_ WRITE(unsigned char); 
unsigned char SPi_RDSR(void); 
unsigned char SPi_READ(unsigned char); 
void DelayMs(unsigned int); 

voi� main() 
{ 
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} 

unsigned char x; 
TRISC=OxdO; //Enable RX,TX pin and Set MISO as input 
TRISD=O; //and set the remaining pins 12.s output 
Serial_init();//Setup the serial port 
SPi_init(); 
DelayMs(lO); 

while(ISPi_RDSR()); //SPI ready? 
SPi_ WRITE(OxOO); //Send initialisation Command 
DelayMs(lO); 
while(l) 
{o 

} 

x=O; 
while(x< 16) 
{ 

TXREG=PORTD=SPi_READ(x); //Read byte frorr. 25c040 and 
send 

++x; 
DelayMs(50); 

} 

II via Usart 

void SPi_init() 

{ 

} 

CS=l; 
SI=O; 
SCK=O; 

//Make CS pin high 
//Clear input pin 

//Clock low 

unsigned char SPi_RDSR() 
{ 

unsigned char Data=Ox05; 
,, CS=O; //Initiate transmission by pulling CS pin low 

for(i=O;i<S;i++) 

{ 
SI=(Data & Ox80)?1:0; 

€§Y A Guide/or E11gineeri11g St11de11ts 
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} 

//Send Read Status Register Command bit by bit(MSB) first 

SCK=l; 
Data=Data<<l; 

SCK=O; 

·} 
for(i=O; i<S; i++) //wait for.OxOO--device net busy 

{ 

} 

SCK=l: 

Data I =((SO & 1)?1:0); 
.Data=Data<<l; 

SCK=O; 

CS=l;
·
· //Pull up 

return !Data; 

void SPi_WRITE(unsigned char Addr) 

{ 
unsigned char Data=WREN; 
int AH=WRITE; 
AH=(AH< <B)+Addr; 

CS=O; 
for(i=Q;i<S;i++) //Send Write Enable 

{ 

} 

SI=(Data & Ox80)?1:0; 

SCK=l; 
Data=Data<<l; 
SCK=O; 

CS=l; 
CS=O; 

//Ri.se CS and pull down again 

for(i=O;i < 16;i + +) //Send WRITE command �d Addr 

{ 
SI=(AH & Ox8000)?1:0; 

SCK=l; 
AH=AH<<l; 

0 

� A G11ide for E11gi11eeri11g S111de11ts 



Microco11troller 7 - 45 Serlt1l Port Progrt1mmi11g t111d l11teift1ci11g witlt PICI 8FXXXX 

SCK=O; 

} 
{or(i=O;i<16;i++) //Send Data's 

{ 
· Data=Msg[i]; 

for(j=O;j<S;j++) 

{ 

} 

SI=(Data & Ox80)?1:0; 

SCK=1; 

Data=Data<<1; 

SCK=O; 

} 
CS=l; 

} 
unsigned char SPi_READ(unsigned char Addr) 

{ 
int Data=READ; 

unsigned char RData=O; 

Data=(Data<<8) IAddr; 
while(ISPi_RDSR()); //Device Ready?Proceed to nell.t statement 

//eise wait 

CS=O; //Pull down CS 

for(i=O;i < 16;i + +) 

{ 

//Send READ command and Addr 

} 

SI=(Data & Ox8000)?1:0; 

SCK=l; 

Data=Data<<1; 

SCK=O; 

for(i=O; i<8; i++) //Read a Byte 

{ 
RData=RData < < 1; 

SCK=1; 

JlData I =((So" & 1)?1:0); 

SCK=O; 
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} 

} 
CS=1; 

return RData; 

void Serial_init() 

{ 
TXSTA=Ox24; //Transmit Enable 

SPBRG=BAUD_VAL; //9600 baud atlOMhz 

RCSTA=Ox90; 

TXREG=OxOO; 

printf("\033[2J"); 

//Usart Enable, Continuous receive enable 

//Dummy transmission 
' 

//Clear the Hyphartermina!; 

} 
void putch(unsigned char character) 

{ 
while(ITXIF); 

TXREG= character; 
//Wait for the TXREG register to be empty 

//Display the Character 

} 

void DelayMs(unsigned int Ms) 

{ 
int delay_cnst; 

while(Ms>O) 

{ 
Ms--; 

for(delay_cnst = O;delay_cnst <220;delay_cnst++); 

} 
} 

Q.21 Design a PIC 18 F4550 based traffic light controller. 

� [SPPU: 10-12 Marks] 
Ans. : Design of PIC test Board : Fig. Q.21.2 shows the design of 

PIC test board for verifying the. LED connected to port B, with 

switches and Buzzer to port D, with relay interface for Port A. 
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Step 1 : O..ign �f power supply : ' . , . .  
The microcontroller selected is PIC 

· 
l8F4550 which works on the 

frequency of oscillator ranging from 0 to 20 :MHz and requires power 
supp:y of± 5 or ±12V. A simple circuit design for +5 Vis shown in 
Fig. Q.21.1_ 

�"""";{1""" ""······;c. 1· . 
;;;;-> 

J1 . . � 
��·�·' ,;l':.�·� "'' � · ."!"�'� 

\:li ...l. C1(• ...l.::11 
T.��.:.·.:.···l--�.:.:.� .. . . .T •J. 1 .• 1· 

Fig. Q.21.1 Sample for .power supply design 

Step 2 : Design of clock ctrcult : 

The Quartz crystal is conn�cted to OSCl and OSC2 pin in order to 
synchronize the operation of all components connected with internal 
and external means. The values for C 1 and C2 are selected according 
to the crystal frequency for stabilizing the oscillator pulses. In general 
with quartz crystal 22-33 µFis preferred. 

Step 3 : Design -of reset circuit : 

The RC high pass filter with :C=oJµF along with 20 ka register is 
connected to MCLR pin. When high pulse appear on it, resets the 
contents of inter registers and SFRS to initial value. 

Step 4 : Configuration of Port : 

PIC has 33 VO lines which can be configured as input and output 
using TRISX register as 

if TRISX .= 0 .- Ports (A - E) are configured as output ports 
if TRISX = 1 - Ports (A - E) are configured as input ports. · 
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, -" -: �M,:�9�Q �tor Driver) : The L293D is a quadruple high-current 

'' . :., Mff�:A\triver designed fo provide bidire�tional drive currents of up to 
600 - rnA at voltages from 4.5 V to 36 V. It is designed to drive 

inductive lQads such as relays, solenoids, de and· pipolar stepping 

.. ·motors, �, well· as other high-current/high-voltage loads in· positive-

... supply· applications. Wheri.. an enable input is high, the associated 

- ,dfiyers are enabled and their outputs are active and in phase with their 

"inputs. 

, i;�;���,���ff�;li� .... �on dewn. 
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Connection diagram : 
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Fig. Q.21.2 : Traffic light controller system 
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Program 
#include<pl8f4550.h> 
#include<stdio.h>. 
void MSdelay(unsigned int itime); 
void main() 

{ 
TRISD=OxOO; 
TRISB=OxOO; 
while(l) 

{ 
LATD=Ox56; 
MSdelay(3000); 
LATD=Ox59; 

· MSdelay(3000); 
LATD:::Ox65; 
LATB=OxOl; 
MSdelay( 1000); 
LATB=OxOO; 
MSdelay(3000); 
LATB==Ox02; 
MSdelay(1000); 
T�ATB=OxOO; 
LATD=Ox95; 
LATB=OxOB; 
MSdelay(lOOO); 
LATB=OxOO; 
MSdelay(3000); 
LATB=Ox04; 
MSdelay(lOOO); 
LATB=OxOO; 

} 
} 
void MSdelay(unsigned int itime) 

{ 
unsigned inti,j; 
for(i=O;i<itime;i+ +) 

for(j =O;j < 1200;j + +) 
} 
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. 
io .

. Rei11'&1Tit>&r ....................................................... , 
..
.

.
. �\ 

1. Serial communication is cost effective than parallel. 

2. RS232 uses asynchronous communication. 
3. I2C is synchronous. 

4. MSSP structure has both SPI and 12C Mode. 

5. 12C Operates in master and slave mode. 

6. ·Data on I2C bus is communicated between START, STOP 
cond�ions defined with SDA and SCL lines 

7. ACK signal is must in 12C. 

8. SPI bus uses three signals MOSI, :MISO, SCK. 
9. Each module has status and control register. 

10. Flash bits in PIR 1 register are used to indicate the data 
transmission and reception during serial communication. 

11. BRGH register is used to change the baud rate. If BRGH=O, 
USART uses +16 and if BRGH = l, it is+ 4. 

12. TSR registeris not accessible to programmer. 

13. RIC DS1307 uses12C interfacing while DS1306 uses SPI. 

14. EEPROM uses SPI control. 

i SFRS USED: 
I L MSSP Control Registerl (SSPCONl) - Read and write, used to I select the oscillator frequency, enable operation, and check for low i . i and high level of clock. . 

. 
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/· . 

. -0\ 
r 2. MSSP Status Register (SSPSTAT)- Used for SPI and I2C modes\ 

! . with checking of edge for clocking and check for. transfer of \ 
l receive the data. 
i i 
! R/W-0 R/W-0 R-0 .R-0 R-0 R-0 R-0 R-0 

I I SMP ��- DIA . P s 
. �··-·1 

RI�-- UA-� 
f �------

1 . 
bit 7 

I 3, MSS,P Control Register2 (SSPCON2) 

bit 0 

' 1 ' . - ·--�, 

I r-5c:� : A=�:T A:;;l) A��(2) R::2> =� �:t:��)·r��;-�« · 

i �b. 7 
. 

; 
. 

· 

,_ ... --+---�b--:"'-0-� I l_Jtt. j 
. 

! i It ! 
: ---�· ..... ....,,,.., .......... ..,., 
! . 

. 

. i 4, Transmit Status And Control Register (TXSTA) 

i ·. It is 8 bil register u�ed to select synchronous/asynchronous mode 

. . ! · and . data framing size. D6 bit decides the c:lata size to be 

l communicated. The D2 bit BRGH is used to select the higher 

j. · speed of transmission. The default is lower baud rate transmission 

! in asynchronous mode. . . 
I! RJW--o---RJW-:o--�-:.·o�-Riw--o -... Riw-o --R/- v;:o·-.. RiW--1 ruw:0· .. 1. 

.
. 
1 1

p
��RC TX9 

. 

TXE�1� SYNC:�.�NDB BRGH �RMT=:i��� 

. r brt �...:.-· -·----- . _______ ._;.�-----��!.g_ .
.. 
J 

! 5 • .  Receive Status And Control Register (RCSTA) ·: It is 8 bit 

i register, used to enable the serial portto receive data. 

11 ��: � R/W-0 R/W-0 R/W-0 R-0" R-1 --;;-� 
! . SPEN RX9 SREN CREN ADDEN FERR OERR RX9D j 

I �-·---------· 
.
. --.. -=�-�===-

.
... �-=�-;i .
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Time : 2 f Hours] [Maximum Marks : 70 

N. B . . · 

i) Attempt Q.J or Q.2, Q.3 or Q.4, Q.5 or Q.6, Q.7 or Q.8. 

ii) Neat diagrams must be drawn wherever necessary. 

ii) Figures to the right side indicate full marks. 

iv) Assume suitable data, if necessary. 

Q.1 A) Explain in depth the programming model of PIC 18Fxxxx 
microcontroller. (Refer Q.8 of Chapter - 4) [6] 

B) Explain the power down modes of PIC 18Fxxxx. 

(Refer Q.3 of Chapter - 4) 

C) Enlistfeatures of PJC 18Fxxx microcontroller. 

(Ref er Q.3 of Chapter - 4) 

OR 

[6] 

[6] 

Q.2 A) Draw ·and explain the reset functiqnal diagram of PIC 

J 8Fxxxx. (Refer Q.11 of Chapter - 4) [6] 

B) Explain with example functioning of ALU in PIC 

J 8Fxxxx. (Refer Q.4 of Chapter - 4) [6] 

. CJ Draw and explain the program memory of PIC 18Fxxxx. 
(Refer Q.7 of Chapter - 4) [6] 

(S - 1) 
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Q.3 A) Enlist specifications of ADC used, also draw the 
· interfacing diagram of temperature sensor with PIC 

J 8Fxxxx with initialization program. 
(Refer Q.25 (For f ea tu res of ADC) and Q.28 (For 

Interfacing of temp sensor) of Chapter • 5) [9] 

B) Explain interrupt structure of PJC l8Fxxxx with reasons. 

(Refer Q.10 of Chapter - 5) [8] 

OR 

Q.4 A) Draw and explain the Timer 1 operation of PIC l8Fxxxx 
in details, compare the Timer 0, 1 and 2. 

(Refer Q.5 of Chapter - 5) [9] 

B) Write a program for 1 kHz and 10 % duty cycle PWM 
generation _with Fosc = JO .MHz. 
(Refer Q.21 of Chapter • 5) [8] 

Q.5 A) Write an embedded C program to blink LED connected to 

port B of P/Cl8Fxxxx with ·delay of 1 msec using Timer 

0, 16 bit. [9) 

Ans. : Refer Q.6 of Chapter - 4 for interfacing and program, 
Refer Q.7 of Chapter - ·5 - For generation of Delay 

Calculation of TMROH and TMROL values 

1 .  Assume that Crystal frequency = 1 0  MHz 

2. Internal time delay = 4/(10  x 106) = 0.4 µs 

3. N = 1 ms/0.4 µs = 2500 

4. Count = 65536 - 2500 = (63036)10 

5. Hex value to be loaded = (F63C)16 

6. Load TMROH = 3CH and TMROL = F6H 
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Microcontroller 

#include <Ptsncxxx.h.> 

void TODelay(void); 

void main(void) 

{ 
WlSigned. char x; 

TRISC=O; 

PORTC=Ox55; 

while(1) 

{ 
PORTC=-PORTC; 

TODelay ( ); 

} 

} 

void TODelay [ ) 

{ 
TOCON=Ox08; 

TMROH=OxF6; 

TMROL= Ox3C; 

TOCONbits.TMROON= 1; 

while(INTCONbits.TMROIF= =0); 

TOCONbits.TMROON=O; 

INTCONbits.TMROIF= =O; 

} 

S-.J Solved University Q11estlo11 Paper 

11 configure Port D as output 

11 Toggle all bits of port C 

11 TimerO, 16 bit, no prescaler . 
11 Load Hig�er byte in TMROH 

11 Load Lower byte to TMROL 

11 Start the timer for upcount 

11 Check for overflow 

11 Tum off timer 

11 clear the TimreO flag . 

BJ Design a PIC 18Fxxxx test board with facility of status 
indication on· LED, Buzzer and lamp connected 
PIC l8Fxxxx through relay, write embedded C program 

� 

(Refer Q.13 of Chapter - 6) [9] 
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OR 

Q.6 A) Draw and explain · port structure of PIC 18Fxxxx 

microcontroller with different registers in programming. 

(Refer Q.1 of Chapter - 6) (9) 

B) Interface 2 lines, 16 ·characters LCD to PIC 18Fxxxx 

microcontroller, write embedded C program .to display a 

message "HELLO" on LCD at second line. 

(Refer Q. 7 (Note only change the name and number of 

. charters accordingly with starting address line 2 is CO) 

of Chaptf!r - 6) [9] 

Q.7 A) Expfain with block c,'iagram I2C mode of MSSP structure 

in detail. (Refer Q.9 of Chapter - 7) [9] 

B) State features of RTC and draw an interfacing diagram 

with PIC' 18Fxxxx. · (Refer Q.17 of Chapter - 7) [8] 
OR 

Q.8 A) Explain the use of BRG register for calculation for baud 

rate with UART receiver block diagram. 

(Refer Q.ll(Calculation of BRGH) and Q.15 · (USART 

receiver bh�ck diagram) of Chapter - 7) [9] 

B) Draw an interfacing diagram· of EEPROM with 

PIC 18Fxxxx using SP! protocol with initialization 

program. (Refer Q.19 of Chapter - 7) [8] 

END ... 25 
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