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RISC: Reduced Instruction

Set Computer

=

o0k W

Fixed instruction size (2 and 4 bytes in PIC ;

ADD,

GOTO)

Many registers (no need for large stack)
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Instruction set — longer code
clock cycle/instruction
ly Harvard architecture

No microcoding; instructions are internally
hardwired — can result in 50% reduction In the
number of transistors

No cross operations between GFR registers
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PIC18F452 Pin Diagram
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Example - Powering Up
PIC18F458

W d
F18F458
11]vdd
32 | ild
10K 22pF
osct |13 i
1 il
ot |rRAven y ] 10mMHz
0S5C2 1 1
Feset 22pF
Switch
12 vss
3 lvss




Example - Powering Up
PIC18F458

W ol
P18F458
114w dd
32 |vdd
1K osct |13 + EﬂJF
20 wcmivn y [ 10mH:z
| > 0S5C2 1 1
Feset 22pF
Switch
Wos
Waos

12
31




Example - Powering Up
PIC18F458

W d
F18F458
11]vdd
32 | ild
10K osct |13 + EﬂJF
,ﬁm 1R y ] 10mMHz
0S5C2 1 1
Feset 22pF
Switch
12 vss
I 3 lvss
v




Programs in ROM

 When PIC is powered up (VCC applied to
Reset Pin), the micro-controller begins
executing Instruction at location 00000h
(Reset Vector)

 Use ORG statement for this instruction in
your code (if programming in assembly)

— C compiler takes care of creating assembly
code having this



PROGRAM |l —— FC

ROM Y RAM EEPROM
Program Data
Bus Bus Y
CRU ot l -
————————
Interrupt
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Recap

 Register
— A place inside the PIC that can be written to,

read from, or both (8-bit numbers)

TABLE 9-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

Value on Value on

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 All Other

POR.BOR | pesers
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXK XXXKH | UUUU uuuu
LATB LATB Data Output Register XXX KKK | UUUU Uuuu
TRISB PORTB Data Direction Register 1111 1111 | 1111 1111
INTCON GIE/ PEIE/ TMROIE INTOIE RBIE | TMROIF | INTOIF RBIF | 0000 000x | 0000 000u

GIEH GIEL

INTCON2 | RBPU | INTEDGO | INTEDG1 | INTEDG2 — TMROIP — RBIP 1111 -1-1 | 1111 -1-1
INTCON3 | INT2IP | INTHIP — INT2IE | INTHIE — INT2IF | INT1IF | 11-0 0-00 | 11-0 0-00

Legend: x = unknown, u = unchanged. Shaded cells are not used by PORTB.
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Dec, Hex, Bin

Dec Hex Oct Bin

O o011, wWwh =0

— A A & %
g Wb = O

TMMUOUOOD> O~k WK 2O

000 00000000
001 00000001
002 00000010
003 00000011
004 00000100
005 00000101
006 00000110
007 00000111
010 00001000
011 00001001
012 00001010
013 00001011
014 00001100
015 00001101
016 00001110
017 00001111

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

10
11
12
13
14
15
16
17
18
19
1A
1B
1C
1D
1E
1F

Dec Hex Oct Bin

020 00010000
021 00010001
022 00010010
023 00010011
024 00010100
025 00010101
026 00010110
027 00010111
030 00011000
031 00011001
032 00011010
033 00011011
034 00011100
035 00011101
036 00011110
037 00011111

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

20
21
22
23
24
25
26
27
28
29
2A
2B
2C
2D
2E
2F

Dec Hex Oct Bin

040 00100000
041 00100001
042 00100010
043 00100011
044 00100100
045 00100101
046 00100110
047 00100111
050 00101000
051 00101001
052 00101010
053 00101011
054 00101100
055 00101101
056 00101110
057 00101141



Data Formats

Assembler/Compiler

e Data Byte Representation
— hex, decimal, binary, ASCII

.ASM

Decimal D’'127 or .127

Hex O7F or HO7F or O7FH or Ox7F

Binary b‘01111117°

127
OX7F

O0b01111111

12



Assembler/Compiler
Directives

Instructions (MOVLW, ADDLW, etc.) tell CPU what to do

Directives give directions to the Assembler/Compiler
— “pseudo-instructions”

Assembler directives:
— EQU (defining constants), (SET is similar but can be reset)
— ORG (origin - explicit address offset operand must be hex)
— END (tells assembler that this is end of code)
— LIST (indicates specific controller, e.g., LIST P=18F452)
— #include (to include libraries associated)

— _config directives — tell assembler what the configuration (stored at
300000H) bits of the target PIC should be

— radix (e.g., radix dec will change to decimal notation; default is hex)
13



Configuration Registers

Flash RO

CUMFIGTH

CUMNFIG AL

COMFIG2H

CUPMFIG 4L

UG a0

COMFIGEH

CUPFIG L

CUMNFIGEH

COPMFIG L

COMFIGTH

DEVIDT

DEVID:

0ooaaaH

1FFFFFH
200000H

300000H
3000MH
a00002H
300003H
300006H
2000034
300009H
30000AH
a0oaoeH
a0ooacH
300000H

3FFFFEH
3FFFFFH

Default/
File Name Bit7 | Bité Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 | Unprogrammed

Value
300001h |CONFIGIH | — — |OSCSEN| — — | FOSC2 | FOSC1 | FOSCO | --1- -111
300002h |CONFIG2L | — - - — | BORV1 | BORVO | BOREN |PWRTEN | ---- 1111
300003h |CONFIGH | — - - — | WDTPS2 | WDTPS1 | WDTPSO | WDTEN | ---- 1111
30000sh |CONFIGSH | — - - - - - — | COPAMX | ---- --- 1
300008h  |CONFIGAL | DEBUG | — - - - LvP — | STVREN | 1--- -1-1
300008h |CONFIGEL | — - - - CP3 CP2 CP1 CPO | ---- 1111
200009h |CONFIGSH | CPD | CPB — - - — — — 11-- ----
30000Ah |CONFIGEL | — - - — | WRT3 | WRT2 | WRTY | WRTO | ---- 1111
30000Bh |CONFIGEH | WRTD | WRTB | WRTC | — - - - - 111- ----
30000Ch |CONFIGTL | — - - — | EBTR3 | EBTR2 | EBTR1 | EBTRO | ---- 1111
30000Dh |CONFIG?H | — |EBTRB| -— - - - = — S [

3FFFFEh |DEVID1 DEV2 | DEV1 | DEVo | REV4 | REV3 | REV2 | REV1 | REVO (1)
3FFFFFh |DEVID2 | DEV10 | DEVe | DEVe | DEV7 | DEV6 | DEVS | DEV4 | DEV3 | oooo o100

Table 19-1 from Data Sheet
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Assembly Language
Structure

[label] mnemonic  [operandl, operand?2] [;comment]

15



Assembly Language
Structure

[label]  mnemonic [operandl operand?] [;comment]

\ optlonal /

« Label: Can now refer to a line of code by name
« Mnemonic (instruction): ADDLW, BNZ, etc.

 Operand(s): Literal, file reqgister location, variable
that is manipulated, used, or acted upon

« Comment: starts with ; and is ignored by assembler

16
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Instruction Format

Literal operations

15 8 7

OPCODE k (literal)

k = 8-bit immediate value

MOVLW 0x7F

Byte-oriented file register operations

15 10 9 8 7 0
OPCODE | d | a f (FILE #)

d = O for result destination to be WREG register
d = 1 for result destination to be file register (f)
0 to force Access Bank

1 for BSR to select bank

8-bit file reqgister address

a
a
f

Example Instruction

ADDWF MYREG, W, B

17
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Instruction Format

Literal operations

15 '/B?

OPCODE

k (literal)

k = 8-bit immediate value

~—_

N

MOVLW 0x7F

A

Byte-oriented file register operations

15 10 9

8 7

OPCODE | d | a

f (FILE #)

d = O for result destination to be WREG register
d = 1 for result destination to be file register (f)

a
a
f

0 to force Access Bank
1 for BSR to select bank
8-bit file reqgister address

Example Instruction

ADDWF MYREG, W, B

18




Instruction Set Info.

CSE@UTA
TABLE 20-2: PIC18FXXX INSTRUCTION SET
Mnemonic, o 16-Bit Instruction Word Status
Description Cycles Notes
Operands MSb LSh Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWEF f,d,a |Add WREG and f 1 0010 o01da0 ffff £fff |C,DC,Z,0V,N |1,2
ADDWFC f,d, a |Add WREG and Carry bit to f 1 0010 0da f££e £f£f [C,DC,Z,OV,N (1,2
ANDWEF f,d, a |AND WREG with f 1 0001 o01da ffff f£fff (Z,N 1,2
CLRF f, a Clear f 1 0110 10l1a ffff ffff |Z 2
COMF f, d, a |Complement f 1 0001 11da ffff f£fff |Z N 1,2
CPFSEQ f,a Compare f with WREG, skip = 1(2o0r3) | 0110 001a £ffff f££f |None 4
CPESGT f,a Compare f with WREG, skip > 1(2or3) | 0110 o010a ffff ffff |None 4
CPFSLT f,a Compare f with WREG, skip < 1(2or3) | 0110 o00a £ffff f££f |None 1,2
DECF f,d, a |Decrement f 1 oooo o01da ff£ff  ffff |C,DC,Z,OV,N |1,2,3,4
BN n Branch if Negative 1(2) 1110 0110 nnnn nnnn |[None
BNC n Branch if Not Carry 1(2) 1110 0011 nnnn nnnn |[None
BNN n Branch if Not Negative 1(2) 1110 0111 nnnn nnnn |None
BNOV n Branch if Not Overflow 1(2) 1110 0101 nnnn nnnn |None
BNZ n Branch if Not Zero 2 1110 0001 nnnn nnnn |None
BOV n Branch if Overflow 1(2) 1110 0100 nnnn nnnn |None
BRA n Branch Unconditionally 1(2) 1101 Onnn nnnn nnnn |[None
BZ n Branch if Zero 1(2) 1110 0000 nnnn nnnn |None
CALL n,s |Call subroutineist word 2 1110 110s kkkk kkkk |None

19




Opcode

CSE@UTA
TABLE 20-2: PIC18FXXX INSTRUCTION SET
Mnemonic, o 16-Bit Instruction Word Status
Description Cycles Notes
Operands MSb LSh Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWEF f,d,a |Add WREG and f 1 0010 o01dao | f£ff£ff £fff |C,DC,Z,0OV,N |1,2
ADDWFC f,d, a |Add WREG and Carry bit to f 1 0010 0da f££e £f£f [C,DC,Z,OV,N (1,2
ANDWEF f,d, a |AND WREG with f 1 0001 o01lda | £fff £fff |Z,N 1,2
CLRF f, a Clear f 1 0110 101a | ffff ffff |Z 2
COMF f, d, a |Complement f 1 0001 11da | ffff f£fff |Z N 1,2
CPFSEQ f,a Compare f with WREG, skip = 1(2or3)) 0110 o001a | ££££ f£££f |None 4
CPESGT f,a Compare f with WREG, skip > 1(2or3)| 0110 o010a | £f£££f ££f£ff |None 4
CPFSLT f,a Compare f with WREG, skip < 1(2or3)| 0110 oo00a | ££££ f£££f |None 1,2
DECF f,d, a |Decrement f 1 oooo o0l1lda | £f£££f ff£ff |C,DC,Z,OV,N |1,2,3,4
BN n Branch if Negative 1(2) 1110 0110 | nnnn  nnnn |[None
BNC n Branch if Not Carry 1(2) 1110 0011 | nnnn  nnnn |[None
BNN n Branch if Not Negative 1(2) 1110 0111 | nnnn  nnnn |None
BNOV n Branch if Not Overflow 1(2) 1110 0101 | nnnn  nnnn |None
BNZ n Branch if Not Zero 2 1110 0001 | nnnn  nnnn |None
BOV n Branch if Overflow 1(2) 1110 0100 | nnnn nnnn |None
BRA n Branch Unconditionally 1(2) 1101 Onnn | nnnn  nnnn |[None
BZ n Branch if Zero 1(2) 1110 0000 | nnnn nnnn |None
CALL n,s |Call subroutineist word 2 1110 110s | kkkk kkkk |None

20




Status Flags

CSE@UTA
TABLE 20-2: PIC18FXXX INSTRUCTION SET
Mnemonic, o 16-Bit Instruction Word Status
Description Cycles Notes
Operands MSb LSh Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWEF f,d,a |Add WREG and f 1 0010 o01da0 ffff £££ff||C,DC,Z, 0OV,N |1,2
ADDWFC f,d, a |Add WREG and Carry bit to f 1 0010 0da f££e ££££||C,DC,Z, OV, N 1,2
ANDWEF f,d, a |AND WREG with f 1 0001 o01lda ffff ffff||Z,N 1,2
CLRF f, a Clear f 1 0110 10l1a ffff ffff |2 2
COMF f, d, a |Complement f 1 0001 11da ffff ffff||Z, N 1,2
CPFSEQ f,a Compare f with WREG, skip = 1(2o0r3) | 0110 001a £ffff f££f ||[None 4
CPESGT f,a Compare f with WREG, skip > 1(2or3) | 0110 o010a ffff f£fff ||[None 4
CPFSLT f,a Compare f with WREG, skip < 1(20or3) | 0110 o000a £ffff f££f ||None 1,2
DECF f,d, a |Decrement f 1 oooo o0l1da ffff  f£££f||C,DC,Z, OV, N |1,2,3,4
BN n Branch if Negative 1(2) 1110 0110 nnnn nnnn |[None
BNC n Branch if Not Carry 1(2) 1110 0011 nnnn nnnn |[None
BNN n Branch if Not Negative 1(2) 1110 0111 nnnn nnnn ||[None
BNOV n Branch if Not Overflow 1(2) 1110 0101 nnnn nnnn ||[None
BNZ n Branch if Not Zero 2 1110 0001 nnnn nnnn [|[None
BOV n Branch if Overflow 1(2) 1110 0100 nnnn nnnn [|[None
BRA n Branch Unconditionally 1(2) 1101 Onnn nnnn nnnn ||[None
BZ n Branch if Zero 1(2) 1110 0000 nnnn nnnn |[None
CALL n,s |Call subroutineist word 2 1110 110s kkkk  kkkk |None

21




Assembly Programming

Sample
SUM  EQU OF7H
ORG OH
HERE MOVLW 0 .
MOVWF SUM
MOVLW 25H :25H > WREG|| | rrocon |77
ADDLW OX34 ;+ 34H RO RAM EEPROM
ADDLW 11H -+ 11H |Pr°5%{:m B i i
ADDLW OC1H  ;+ C1lH - -
ADDLW 25 +25H I I I
ADDLW D'18' :+ 18 decimal T ||
ADDLW B'00000110¢ ;+6 dec Cantrol Q5C Timers Forts PE%E;;als
MOVWF SUM =oae T
i s
MOVLW SUM
GOTO HERE
END 29




Assembly Code Assembled an
Linked

EDITOR
FROGRAM

myfile.asm

Y
ASSEMBLER
PROGRAM

rmiyfile. err  -sp— myfile.a

lib additional 4— 0 additional
libirary files ™ LinkER object files
PROGRAM Ikr linker
script file

vy

myfile.out  myfile.cod myfile hex  myfileemap  myfile Ist

DOWW LOAD
TO PIC's ROM

23



Program Counter (PC)

ORG O —
|
MOVIW5 | gt STACK
ADDLW 4 1
: P
END 'y FAM EEPRCM
Pragram Data
Bus Bus Y
CRU ot l -
———— i
Int t '
nterrup
Control O5C Timers Farts cher
Logic Feripherals
o
FIMS

24



PIC18 Program Counter

HHH FCL FCH FCL

-+——  S-bit - o-bt ———a— 2-bf —
21-bit FC (Frogram Countear)
2 MB

21-bit = 000000 to 1FFFFF addresses

25
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PIC18 On-Chip Program ROM

Address Range

000000

OO0FEFF

bte

- =

4 kK
PICTEF2220

byte
Q00000
O03FFF
16 k
PIC18F2410

bte

i

Qo000

32 Kk

O0VEEF

PIC1EEF455 (452)

Figure 2-10

26




PIC18 Program

ROM Space

FIGURE 4-2: PROGRAM MEMORY MAP
AND STACK FOR

PIC18F452/252

PCH

i

2- bit g

21-bit PC (Program Counter)

21-bit = 000000 to 1FFFFF addresses

TABLE 1-1: DEVICE FEATURES

Features PIC18F242 PIC18F452
Operating Frequency DC - 40 MHz DC - 40 MHz
Program Memory (Bytes) 16K 32K
Program Memory (Instructions) 8192 16384
Data Memory (Bytes) 768 1536
Data EEPROM Memory (Bytes) 256 256

PC<20:0> |

CALL, RCALL, RETU 21,
RETFIE, RETLW ~

Stack Level 1

Stack Level 31

. RESET Vector 0000h T

High Priority Interrupt Vector | 0008h

Low Priority Interrupt Vector |0018h

On-Chip
Program Memory

7FFFh
8000h

User Memary Space
[‘r
L

Read '0'

1FFFFFh)
200000#*1—




Assembly Programming

sample
SUM EQU OF7H
ORG OH
0x00 HERE MOVLW 0
0x02 MOVWF SUM
0x04 MOVLW 25H ;25H > WREG
0x06 ADDLW 0x34 -+ 34H
0x08 ADDLW 11H + 11H
Ox0A ADDLW OC1H -+ C1H
0x0C ADDLW 25 ;+25H
ADDLW D'18 ;+ 18 decimal
ADDLW B'00000110* ;+6 dec
MOVWF SUM
MOVLW SUM
GOTO HERE

END

28



PIC18 Program ROM Width

CSE@UTA
—-Ayte —-
Hgh Low
1-Byte Byte Bute
q0aaaah 000adih iy 16 bit
100ad4 h 003003k 10000 2k
A A, CODE
q0aaazh 00aaash 00000 gh
R Qb
PIC
CFrU
-~ . Organized as ~ -~ ~,
—_—lb A A D Da
D |
Dg
1FFFFDh 1FFFFBh 1FFFF&h
1FFFFEh 1FFFFDh 1FFFFCh
1FFFFFh 1FFFFFh 1FFFFEh
a-hit 16-hit Wide ROk

29
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ROM Contents

0x00 MOVLW 25H
0x02 ADDLW 34H

0x04 ADDLW 11H

0x06

0x08

MOVLW Move literal to W
Syntax: [ label] MOVLW k
Operands: 0<k<255 Opcode
Operation: k—=W Ox0E
Status Affected:  None /
Encoding: 0000 | 1110 | kkkk | kkkk
Description: The eight-bit literal 'k’ is loaded
into W.

ADDLW ADD literal to W
Syntax: [ label] ADDLW k
Operands: 0<k<255

_ Opcode
Operation: W)y+k—-W OxOF
Status Affected: N, OV, C, DC, }/’
Encoding: 1111 | kkkk | kkkk
Description: The contents of W are added to the

8-bit literal 'k’ and the result is30
placed in W.




ROM Contents

CSE@UTA

MOVLW

0x00 MOVLW 25H -
34H |ADDLW
0x02 ADDLW 34H

0x04 ADDLW 11H

0x06 —-Ayle —p-
Hqgh Low

0x08 Bt Bute
qaaddihy 25H OEH  |0000a0hk

aaaaash | 34H OFH  |000002hk

aaaaashy 11H OFH  Qa000a 4h
31




ROM Contents

MOVLW instruction formation

The MOVLW is a 2-byte (16-bit) instruction. Of the 16 bits, the first 8 bits
are set aside for the opcode and the other 8 bits are used for the literal value of 00
to FFH. This is shown below.

0000| 1110| Kkkk | kkkk |

0 = k < FF

ADDLW instruction formation

The ADDLW is a 2-byte (16-bit) instruction. Of the 16 bits, the first & bits
are set aside for the opcode and the other 8 bits are used for the literal value of 00
to FFH. This is shown below.

0 = k £ FF

32



GOTO and the PC

e GOTO, 4 byte instruction:

k7kkK 0E o7
kkkk OF EF

10 00

0 < k < FFFFF 11 FO

little endian!
) PCU U PCH U PCL ‘
0:00kyg Ky [Ky K ke ko O

21 bit PC



Assembly Programming

sample
SUM EQU OF7H
0x00 ORG OH
0x00 HERE MOVLW 0
0x02 MOVWF SUM
0x04 MOVLW 25H ;25H > WREG
0x06 ADDLW 0x34 -+ 34H
0x08 ADDLW 11H + 11H
Ox0A ADDLW OC1H -+ C1H
0x0C ADDLW 25 ;+25H
ADDLW D'18 ;+ 18 decimal
ADDLW B'00000110* ;+6 dec
MOVWF SUM
MOVLW SUM
GOTO HERE ;GOTO 0x00

END

34



Note

CSE@UTA

« Chapter 2 for more detalls of Assembly
and Architecture

o Start reading Chapter 3
— Branching

35
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