Chapter 5

Instruction to Data Copy
2/21/14
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Data Copy (Move) and

Set/Clear Operations

The data copy operations are classified as:
0 Loading 8-bit data directly in WREG

01 Copying data between WREG and data (file) register
including I/O ports

0 Copying data from one data (file) register to another data
(file) register

0 Clearing or setting all data bits in data (file) register

01 Exchanging low-order four bits (nibble) with high-order
four bits 1n data (file) register
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Frequently Used Registers in ALU,

Memory, and I/O Ports for Data Copy

I:l Literal tO W MPU Registers
I:l W% F WREG |« =

Table Pointer (21-bit) = of [

1 F2 F

Latch | .

»| Program Memory

0 F-> Program e | s
FSR2H | FSRaL * #{ Memory
memory

(Registers)

»| Otherl/Oand
Support Devices

01 Swapping lower
order with the
higher-order

PORTA PORTB PORTC PORTD PORTE
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Addressing Modes

0 A way of specifying of an operand

Direct addressing

0 The operand 1s a part of the instruction

Indirect addressing

0 An address is specified 1n a register and the MPU
looks up the address in that register
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MOV (Copy) Operations

Instructions
1 MOVLW  8-bit Examples
0 MOVLW  0xF2
1 MOVWF F a Load F2H in WREG
1 MOVWF REGI,0
Copy WREG in REG1
0 MOVF F.d, a 0 MOVF REGI, 1
Copy REGI1 in REGI (check for
flag)

0 MOVF REGI, 0
Copy REG1 into WREG

0  MOVFF REGI1,REG2
Copy REGI1 into REG2

1 MOVFF  Fs, Fd

[d=0 or omitted then 2 WREG }
a=0 or omitted then = data reg is from Access Bank
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SET/CLR Instructions
Instructions Examples
1 CLRF F,a 0 CLRF REGI,0
Clear REGI located in
1 SETF F.,a access bank
0 SETF REGI,0
1 SWAP F.da Set all bits in REG1

0 SWAP REGILIL0

Exchange low and high
nibbles in REGI1, save in
REGI




I

I

I

FFFFF

FFFFF

Using File Select Registers (FSRs) as Pointers = =

FFFFF

to Data Registers — Indirect addressing T

Memory pointer is a register that holds the address of a data register

This is called indirect addressing
Easy to move/copy an entire block

Three registers: FSRO, FSR1, and FSR2
Each FSR has a High and Low byte associated with an index
Used as memory pointers to data registers

Each can be used in five different formats (operands) :
INDFO: Use FSRO as pointer (index)
POSTINCO: Use FSRO as pointer and increment FSRO
POSTDECO: Use FSRO as pointer and decrement SRO
PREINCO: Increment FSRO first and use as pointer
PLUSWO: Add W to FSRO and use as pointer
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[ LFSR FSR1,120 s LOAD 12-BIT ADDRESS 120h INTO FSR1 ]
Indirect Add ' E ]
Data Data
After Execution of Registers After Execution of Registers
LFSR Instructions LFSR Instructions
FSR1 0x0 - 0120 F2 FSR1| 1 2 0 }—0120 F2
0121 A3 0121 A3
FSR2 0x0 L FSR2| 1 5 0

0150 0150
0151 0151
.. After Execution of ReD?sttaers
*Initially FSR values are 0 and MOVFF Instruction g
status of registers are given as 251 p——

0120/ P2
above FSR2 0121 A3
‘LFSR FSR1,0x0120 ; load the
LFSR FSR2,0x0150
*MOVFF POSTINC1, POSTINC2

0150 F2

; Load the content of FSR1-2>FSR2 and increment FSR1 & FSR2
0151
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Indirect Addressing — Example (1)

/Examples: \
MOVFF INDF0,INDF1 : COPY BYTE FROM REGISTERS SHOWN BY
;FSRO TO FSR1- NO CHANGE IN FSR
ADDWF POSTINCO,1 : ADD BYTE FROM REGISTERS SHOWN BY
;:FSRO AND WO REG ;
9 ;:FSRO IS INCREMENTED )
After Execution of Data
- Hence, we will have A3 in register SitAcc oy Registers
. . MOVFF Instruction
0x151 after the MOVFTF instruction
- Note that the pointer indexes are not FSRO 1 2 1 0120 F2
changing! 0121 A3
sing FSR1 1 5 1
0150 F2
— 0151 A3
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Indirect Addressing Example (2)

/Examples: \
MOVFF INDF0,INDF1 ; COPY BYTE FROM REGISTERS SHOWN BY
;FSRO TO FSR1- NO CHANGE IN FSR
ADDWF POSTINCO,1 ; ADD BYTE FROM REGISTERS SHOWN BY
;FSRO AND WOREG ;
9 ;FSRO IS INCREMENTED )
. D
Assume W=2; after the ADD operation, After Execution of Reg?:tzrs
A3+2=A5-2Reg 0x0121, then FSR=0x0122 MOVFF Instruction
FSRO | 0x0122 0120 P2
0121
FSR1 [ 1 5 1 A3
0150 F2
— 0151 A3
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Initializing the RAM —

Application of Indirect Addressing

Main:
CLRF FSRIH —_I File Registers
MOVLY! 0x40 |
. Address |(00|01|02 |03 |04 |05|06|07|08|09|04A|0B|0OC|OD
MOVVE FSR1L 0oo go 00 OO OO OO OO OO OO OO OO OO0 OO OO OO0
NEXT 010 go 00 OO OO OO OO OO OO OO OO OO0 OO OO OO0
SETF POSTINCL 020 44 00 00 00 0O 00 OO OO OO OO 00 0O 00 00
e 030 go 00 OO OO OO OO OO OO OO OO OO0 OO OO OO0
BTESS FSR1L, 4 040 FF FF FF FF FF FF FF FF FF FF FF FF FF FF
GOTO NEXT 050 go 00 OO OO OO OO OO OO OO OO OO0 OO OO OO0
sleep
Main:
CLRF FSR1H
CLRF FSRIL
CLE LP . . .
- , What is this doing?
SETF POSTINCL

MOVLW Ox0OF
SUBYIF FSR1H, W ; (F-W)->U
BNZ CLR_LP

sleep
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Using Table Pointers to Copy Data

Instruction TBLRD* Copies Data From Program Memory to Table Latch

Program Memory Table Latch (8'b|t)
Table Pointer (21-bit Reg) >

TBLPTRU[TBLPTRH[TBLPTRL  [—

Byte [ 8-bit data registers ]

[ 21 bit |

[ 16 bit |
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Using Table Pointers to Copy Data from
Program Memory into Table Latch werer to rack s283)

0 TBLRD* 0 TBLRD*-
Copy from Program Copy fme Program
Memory into Table Memory mto Table
Latch Using Table Latch and Decrement
Pointer Table Pointer

1 TBLRD*+ 1 TBLRD+*
Copy from Program Increment Table
Memory into Table Pointer first and then
Latch and Increment copy from Program
Table Pointer Memory into Table

Latch
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Using Table Pointers to Copy Data from Table
Latch into Program Memory

1 TBLWT* 0 TBL WT*-
Copy from Table Latch Copy from Table Latch
into Program Memory into Program Memory
Using Table Pointer and Decrement Table

1 TBL WT*+ Pointer
Copy from Table Latch 0 TBLWT+*
into Program Memory Increment Table
and Increment Table Pointer first and then
Pointer copy from Table Latch

into Program Memory



Copying Data rrom Program

Memory to Table Latch

Instruction TBLRD* Copies Data From Program Memory to Table Latch

Program Memory Table Latch (8'b|t)
Table Pointer (21-bit Reg) >

TBLPTRU|TBLPTRH[TBLPTRL  —_ e 76

>

/Using TBLRD*:
Address: 01251H =76
TABLAT=76
TBLPTR=01251H

- /




Copying Data rrom 1able

Latch to Program Memory

Instruction TBLWT* Copies Data From Table Latch to Program Memory

Program Memory Tab'e LatCh (8‘b|t)

Table Pointer (21-bit Reg)
TBLPTRU|TBLPTRH|TBLPTRL i

Byte
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Arithmetic Operations

0 The PIC18F MPU performs the following
arithmetic operations:

Add

Subtract

Multiply

Complement (1s and 2s)

Increment
Decrement
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Addition

Instructions:

. Examples
0 ADDLW  8-bit 1 ADDLW  OxA?2
Add A2H to WREG
0 ADDWF F,d,a 0 ADDWF REGI1, 0

Add WREG to REGI1 and save
the sum in W

0  ADDWEF REGI, 1
Add WREG to REGI1 and save

1 ADDWEFC F,d, a the sum in REG1
0 ADDWFC REG2,0

Add WREG, REG?2 and Carry
from previous operation and

1. Impacts all the flags save the sum in WREG
2. Result can be saved in W if d=0

3. ADDWEFC is used for numbers > 8-bit
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ADDWF Example

WREG 01001111 (4FH)
_|_

REG20 01001000 (48H)
Carry 1 1

1001 0111 (97H)=151d

N=1,0V=1, Z=0, DC=1, C=0
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ADDWF Example

Assume we want to add 0x7292 and 0x1F91
REG10=91, REG11=1F
REG20=92, REG21=72
REG10+REG20=22 & C=1 @914

N=1, OV=1, 7=0, DC=1, C=1

ADDWFC=REG11+REG21+C
>0x72+ 0x1F+1=0x92 (1001 00 1 0)

N=?, OV=?,7=?, DC=?, C=?
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Subtraction
Instructions: Examples
0 SUBLW 8-bit I SUBLW 0xA?2
L-WREG Subtract WREG from A2H
0 SUBWF REGI1, 0
0 SUBWF F,d,a Subtract WREG from REG1 and save the
result in W
F-WREG 1 SUBWF  REGI, 1
Subtract WREG from REG1 and save the
result in REGI1
0 SUBFWB F,d, a 0 SUBFWB REG2, 0

Subtract REG2, and Borrow from WREG
and save the result in W

0 SUBWFB REG2, 0

i SUBWEFB F,d, a
Subtract WREG, and Borrow from REG2
and save the result in W

If the number is larger than 8 bit!




Example

WREG O1T1111]1

2’s Com. 10000001
of 7FH +
00101000

WREG 1OTOT00]1

Assume [W] =7F and
[REG5]=28

SUBWF REGS

Means:28-7F2>W




(Adding values larger than 8 bits)

Carry

L N

F 2
3 7

Program

N

| — W O

~J

\O

REG10=F2
REG11=29
REG12=87
REG13=35
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Increment, Decrement, and Complement
Operations

Instructions: Examples:

0 INCF F.d,a 0 INCF REGI1,1
Increment REG1 and save result
in REG1

1 DECF F,d, a o DECF REG2, 0
Decrement REG?2 and save result
nWwW

o COMF REG3,0

Complement REG3 and save
result in W

0 NEGF REGI1, 0
Take 2s complement of REG1

0 COMF F,d,a

0 NEGF F,a
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Redirection of Program Execution
(Branch and Skip Operations)

01 The PICI8F MPU includes three groups of
instructions that change the direction of
execution:

Branch
Skip
Call (discussed in Chapter 7)



BI’&HC" lIlS!I'llC!lOIlS 1n !l!! |g

Family

Branch
Instructions

: .

Unconditional Conditional
Branch Instructions Branch Instructions
Absolute Relative Absolute Relative
Addressing Addressing Addressing Addressing
«GOTO * BRA * No Instructions + BC & BNC
*BZ & BNZ
* BN & BNN

* BOV & BNOV
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Unconditional Branch Instructions

Instructions:

1 BRA n (label) 0 Unconditional relative
branch within = 512
words

01 Unconditional absolute

1 GOTO k (label) branch anywhere in 2
MB memory locations



COHHI flonal RCI&ElVC

Branch Instructions

0 BC n: Branch if Carry “s:foflhlfl 1‘1‘1‘;*“‘::2;:5

0 BNC n: Branch 1f No C&I‘I’y executing the command!

1 BZ n: Branch if Zero

0 BNZ n: Branch 1f No Zero For Example:

0 BN n: Branch if Negative BCBZ"""i‘E&‘iﬁ"giff f::;zo
01 BNN n: Branch if No Negative

0 BOV n: Branch 1f Overflow

0 BNOV n: Branch 1f No Overflow

0 (n1s label — represents 8-bit signed number 1n words)



Examples 0! Eela!we

Conditional Branch Instructions

Correction to the the TEXT:
BC 0x6

This means:
If carry flag is set then jump to
0x06

The n value is where the jump
goes to (what the next PC value
should be)

STATUS

STATUS

STATUS

COUNTER_REG
COUNTER_REG ;

CONTENT IS DOUELED




xamples o
Conditional Branch Instructions

clatlve

MOVLY!
SUBLW
MOVLY
MOVVIE

MOVLY!
SUBLW

STATUS

STATUS

-

COUNTER_REG

— A

LRI

17 0ozo OEOO  MOVLW O
15 nozz 6EDS  MOVWF 0OxfdS, ACCESS
19 noz4 DEO1  MOVLW Ox1
20 noze 0801  SUBLW Ox1
/ 21 nozs OEOO  MOVLW O
22 0oz a 6EDS  MOVWF Ox£fd8, ACCESS
23 nozc ODEO1  MOVLW Ox1
e —— 24 DO0ZE 0801 SUBLW Ox1
25 0030 ODEOO0  MOVLW O
26 003z 6EDS  MOVWF Ox£fd8, ACCESS
27 0034 ODEO1  MOVLW Ox1
28 0036 0801  SUBLW Ox1
29 0038 FFFF pley
120
121 O0OFO ODEFS  MOVLW 0Oxf9
122 O0F2 6EO01  MOVWF Ox1, ACCESS
123 O0F 4 2601  ADDWF 0Ox1, F, ACCESS
COUNTER_REG ; CONTENT IS DOUELEINEESWA 00OF6 0000  NOP
125 _00F3 . E2FC  BC 0Oxf2
126 OOF & 0003 SLEEP

BC n refers to the next PC if the condition is met!
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Arithmetic Instructions with Skip

0 Compare File (Data) Register with W:
CPFSEQ F,a  ;Skip next instruction if F =W
CPFSGT F,a  ;Skip next instruction if F > W
CPFSLT F,a  ;Skip next instruction if F > W

0 Increment File (Data) Register:
INCFSZ F, d,a ;Skip next instruction if F =0
INFSNZ F, d,a ; Skip next instruction if F #0

0 Decrement File (Data) Register:
DECFSZ F, d, a ; Skip next instruction if F =0
DCFSNZ F, d, a ; Skip next instruction if F #0
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Creating some Delay:
Example . When W=0, REG11=1

-
COUNTL RQU DiE _!Program Memory =JI2JES
e Line Address Opcode Disa|™
REGLO EQU Ox10 1 0000 FFFF  NOP
REG1l1l EQU Oxll 2 0002 FFFF  NOP
3 0004 FFFF  NOP
4 0006 FFFF  NOP
ORG Oxz0 5 0008 FFFF  NOP
MOVLY Ox05 6 0004 FFFF NOP
L 7 00oc FFFF  NOP
MOVVIE REG1O 8  0O0OE FFFF  NOP
DECESZ REGLO  SKip next instruction if F=0 = 0040 FEEE S HOE
10 0012 FFFF  NOP
BRn Ox 24 Go to location 0x24 11 0014 FFFF NOP
SETF PEGL11l 12 0016 FFFF  NOP
13 0018 FFFF  NOP
NOP 14 0014 FFFF  NOP
NOP 15 001C FFFF  NOP
16 001E FFFF  NOP
NOP 17 00z0 OEOS  MOVLW 0x5
NOP 18 ooz22 6E10 MOVWF 0x10, ACCESS
NOP 19 0024 2E10 DECFSZ 0x10, F, ACCES
20 0026 D7FE BRL 0x24
NOP 21 0028 6311 SETF Ox11, ACCESS
end What iS the delay? = e joz1 piaainl
23 0ozc 0000  NOP
24 00ZE 0000  NOP v
< m ‘ (>
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Creating some Delay:
Example . When W=0, REG11=1

_IProgram Memor = || OJES
COUNTL EQU D's! - - uuu
I | Line l Address |Opcode| Disa|™
BEGL1O EQU O0x10 S — pp————
REGL1  EQU Oxll 2 | Operand of BRA is
3
2 | the number of
ORG OxZ0 5
MOVWE  REGLO - | Should branch;
DECESZ REGLO  Skip next instruction if F=0 ' In this case 1 word
10
SETF REGLl1 12
NOP " -2=FE;
NOP 15 | NOTE: D7 is
NOP .» | OPCODE for BRA
NOP 18 oozz EETOMOYWF OXTI0, ALCCESS
19 0024 2E10 DECFSZ 0x10,|F, ACCES
NOP
20 0026 D7FE  BRA 0x24
NOP 21 0028 6811 SETF Ox11, ACCESS
end = 22 0024 0000  NOP
23 002C 0000  NOP
24 D0ZE 0000  NOP v
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Branch (BRA) Examples

17 0020 OEDS  NOVLW OxS Fm———- CASE 1; USING UNCONDITIONAL BRANCH
18 002z 6E01  MOVWF 0Ox1, ACCESS MOVLW  0OXOS

19 0024 2E01  DECFSZ 0x1, F, ACCESS LOOP MOVWE  COUNTER

¢0 00ze PEEDE SRR Baas DECFSZ COUNTER

21 0028 0003  SLEEP - TG

FD = -3; Going back 3 words
Starting with PC=0x28 going to PC=22
That is (28-26) /2 =3

17 JUZU UEL 10VLU U m; USING UNCONDITIONAL ERANCH

18 oDz2 6EO1 MOVWF 0Ox1, ACCESS LOOP MOVLW 0X05

19 noz4 0000  NOP MOVVIF COUNTER

20 0oze 0000  NOP NOP

21 nozs D7FB BRA 0Ox20 NOP PC+2 + 2*n

22 Doz A 0003 SLEEP BRA LOOP 28+2 + 2(-5)=2A-A=20

FB = -5; Going back 5 words
Starting with PC=0x2A going to PC=20; before the branch is executed the PC=2A

Thatis (2A-20)/2=35



Branch Example

LOOP

MOVLY!
MOVVIE

MOVLY!
SUBLVW!

BZ ;CURRENT PC+2=2A BAD JUMP!

;THIS IS GOTO 0X8zZ--> OPCODE: EO ZC; JUMPING TO 0X0850!
;ERROR MESSAGE (THE PROGRAM DOES COMPILE)

;CORE-WO01l6: Halted due to PC incrementing owver the
;sMaximam PC address and wrapping back to Zero

BZ OXOE ARGt s e GOOD JUMP!

MOVLW  0OX89 Note that is the program starts at 0x20
MOVWE  COUNTER REG And we use BZ 0x2 - the jump will to PC=20

ADDYIE COUNTER REG ; CONTENT IS DOUELED
NOP

BC OXZ0 ; CAN EBE "LOOP" OR "OXz0O"-->0PCODE: EZ F3 (;()()I):I[ID“]?'
17 00zo OEDD  HMOVLW O
18 oozz 6ED8  MOVWF Oxfd8, ACCESS
19 00z4 0EB89 MOVLW 0x39
20 oDzZe 6EO01  MOVWF Ox1, ACCESS
21 o0zs 2601  ADDWF Ox1, F, ACCESS
2z ooza 0000  NOP

2 oozcC E2F9 BC 0Ox20
e — —— e —




Flowchart for Delay Loop

Delay

N

Timer Software

P

Loops

Nested
Loops

LOOP1

!

Load Count1 in
REG10 for LOOP1

]

Decrement Countl

l

~&>

Yes



Flowchart for
Delay Using
Nested Loop

Load Count2in —
EG11 for LOOP2
LOOP2
Y
d Countl in
REG10 for LOOP1
OOOOO
Decrement Count]
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Nested Loop
Delay Analysis

0 PIC ASSEMBLER LISTING
i Line Address Opcode Instruction
0
i 0001 000000 ;Line removed by MPASMWIN preprocessor:
i 0002 000000 ;Line removed by MPASMWIN preprocessor:
i 0003 000000 ;Line removed by MPASMWIN preprocessor:
0 0004 000000
0 0005 000000 COUNT1 EQU
0 0006 000000 REG10 EQU
i 0007 000000 REGL11 EQU
0 0008 000000
0 0009 000000
i 0010 000000 6A11 CLRF REGI11
0 0011 000002 OEFA LOOP2: MOVLW COUNTI
0 0012 000004 6E10 MOVWF REG10
i 0013 000006 0610 LOOPI: DECF REG10,1
i 0014 000008 E1FE BNZ
i 0015 00000A 0611 DECF REGI1,1
0 0016 00000C E1FA BNZ
again
i 0017 00000E END

] Number of errors = 0

Title "Ex5-12 Delay Using Nested Loop"
List p=18F452,
#include <p18F452.inc> ;This is a header file for 18F452

D'250'
0x10
0x11

;Set up REG11= COUNT2 =0 for 256 execution

;Load decimal count in W

;Set up REG10 as a counter

;Decrement REG10 - 1W/1C/4CLK

LOOP1 ;Go back to LOOP1 if REG 10=/0

;Decrement REG11

LOOP2 ;Go back to load 250 in REG10 and start LOOP1
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DECF-2>1 Cycle; 4 clock periods
BNZ~> 2 Cycles; 8 clock period (w/branch)

> —Iclk=12 clock periods (instruction clock cycles)
Delay Analysis  |3Rassa:

—>T(one loop)=(1/F ) * Iclk = 12 . 25ns=300 ns

E SO - Total Delay(N loop)=Count*T=75 us

] Line Address Opcode Instruction - Total Execution time: TL=Iclk*Tc*Nloop

0

i 0001 000000 ;Line removed by MPASMWIN preprocessor: Title "Ex5-12 Delay Using Nested Loop"

i 0002 000000 ;Line removed by MPASMWIN preprocessor: List p=18F452,

i 0003 000000 ;Line removed by MPASMWIN preprocessor: #include <p18F452.inc> ;This is a header file for 18F452

0 0004 000000

0 0005 000000 COUNT1 EQU D'250'

0 0006 000000 REG10 EQU 0x10

0 0007 000000 REGI11 EQU 0x11

0 0008 000000

0 0009 000000

i 0010 000000 6A11 CLRF REGI11 ;Set up REG11= COUNT?2 =0 for 256 execution

a 0011 000002 OEFA LOOP2: MOVLW COUNT1 ;Load decimal count in W

i 0012 000004 6E10 MOVWF REGI10 ;Set up REG10 as a counter

i 0013 000006 0610 LOOPI: DECF REG10,1 ;Decrement REG10 - 1W/1C/4CLK

0 0014 000008 EIFE BNZ LOOPI ;Go back to LOOP1 if REG 10 =/ 0

] 0015 00000A 0611 DECF REGI1,1 ;Decrement REG11

0 0016 00000C E1FA BNZ LOOP2 ;Go back to load 250 in REG10 and start LOOP1
again

i 0017 00000E END

0

i Number of errors = 0

Remember: 1W/1C/4Clk = 1 Word instruction
with one clock cycle with 4 clk periods
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—In reality, however:
Last loop branches, hence only 8clock cycle

1 1 1 —Total Actual Execution time:
Delay Analysis [} et ine

0 PIC ASSEMBLER LISTING

i Line Address Opcode Instruction

0

i 0001 000000 ;Line removed by MPASMWIN preprocessor: Title "Ex5-12 Delay Using Nested Loop"

i 0002 000000 ;Line removed by MPASMWIN preprocessor: List p=18F452,

i 0003 000000 ;Line removed by MPASMWIN preprocessor: #include <p18F452.inc> ;This is a header file for 18F452

0 0004 000000

0 0005 000000 COUNT1 EQU D'250'

0 0006 000000 REG10 EQU 0x10

0 0007 000000 REGI11 EQU 0x11

0 0008 000000

i 0009 000000

i 0010 000000 6A11 CLRF REGI11 ;Set up REG11= COUNT?2 =0 for 256 execution

a 0011 000002 OEFA LOOP2: MOVLW COUNT1 ;Load decimal count in W

i 0012 000004 6E10 MOVWF REGI10 ;Set up REG10 as a counter

i 0013 000006 0610 LOOPI: DECF REGI10,1 ;Decrement REG10 - 1W/1C/4CLK

0 0014 000008 EIFE BNZ LOOPI ;Go back to LOOP1 if REG 10 =/ 0

] 0015 00000A 0611 DECF REGI1,1 ;Decrement REG11

0 0016 00000C E1FA BNZ LOOP2 ;Go back to load 250 in REG10 and start LOOP1
again

i 0017 00000E END

0

i Number of errors = 0

Remember: 1W/1C/4Clk = 1 Word instruction
with one clock cycle with 4 clk periods
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Ne Sted LOOp Second Loop: (1/F=25 nsec)

4 Instructions: 4+4+4+8 clock periods=20 Iclk
T(loop2)=20*1/F=500 ns

Delay Analysis T(loop1+loop2)=75+0.5=75.5 us

Total Delay=256 * 75.5=19 .328 msec
(ignoring the last cycle in each case)

0 PIC ASSEMBLER LISTING

i Line Address Opcode Instruction

0

i 0001 000000 ;Line removed by MPASMWIN preprocessor: Title "Ex5-12 Delay Using Nested Loop"

i 0002 000000 ;Line removed by MPASMWIN preprocessor: List p=18F452,

i 0003 000000 ;Line removed by MPASMWIN preprocessor: #include <p18F452.inc> ;This is a header file for 18F452

i 0004 000000

0 0005 000000 COUNT!1 EQU D250

0 0006 000000 REG10 EQU 0x10

0 0007 000000 REGI11 EQU 0x11

0 0008 000000

i 0009 000000

i 0010 000000 6A11 CLRF REGI11 ;Set up REG11= COUNT?2 =0 for 256 execution

] 0011 000002 OEFA LOOP2: MOVLW COUNT1 :Load decimal count in W

i 0012 000004 6E10 MOVWF REG10 ;Set up REG10 as a counter

] 001 Delay of about 75 usec ment REG10 - IW/1C/4CLK -

] 001 b—sssovo—rs = — S— ;Go back to LOOP1 if REG 10=/0

] 0015 00000A 0611 DECF REGI11,1 ;Decrement REG11

0 0016 00000C E1FA BNZ LOOP2 ;Go back to load 250 in REG10 and start LOOP1
again

0 0017 00000E END

] Number of errors = 0
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Calculations for
Generating Waveforms

Write a program to generate a square wave of 10KHz freq. by turning Bit0 of PORT
C ON & OFF using a 40 MHz clk (25 nsec)

LOOP1: DECF REG10.1 ;Decrement REG10 - 1W/1C/4CLK
BNZ LOOP1 ;Go back to LOOP1 if REG 10=/0

01 To generate 50 uS delay, count:
50 uS :@x 25 nS x Count

-6

50 x 10 Number of times
Therefore, Count = =166 the program
12x25x 10 =2 should loop
50 usec

A
v

100 usec
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Calculations for
Generating Waveforms

Write a program to generate square wave of 10KHz freq. by turning Bit0 of PORT C
using a 40 MHz clk (25 nsec)

BSF PORTB,0
LOOP1: DECF REG10,1 ;Decrement REG10 - 1W/1C/4CLK
BNZ LOOPI1 ;Go back to LOOP1 if REG 10=/0

PORTB,0

01 To generate 50 uS delay,B count:
50 uS :@x 25 nS x Count

-6

50 x 10 Number of times
Therefore, Count = =166 |the program
12x25x 10° should loop
50 usec

A
v

100 usec



Generating Waveforms

REGl EQU

REG10 EQU

START:

ONOFF:

LOOPI:

ORG

MOVLW
MOVWF
MOVWEF

MOVFF
MOVLW
MOVWF

DECF
BNZ

COMF
BRA
END

0x01
0x10

0x20
B'11111110'
TRISC
REGI

REG1,PORTC
D'166'
REG10

REG10, 1
LOOPI1

REGI,1
ONOFF

;Address of Data Register1
;Address of Data Register10

;Load number to set up BITO as an output
;Initialize BITO as an output pin
;Save Bit pattern in REG1

;(8 Clk)-Turn on/off BITO
;(4 CIk) -Load decimal count in W
;(4 Clk) Set up REG10 as a counter

;(4 CIk) - Decrement REG10
;(8/4 Clk)-Go back to LOOP1 if REG 10 not equal 0

;(4 Clk)-Complement Bit Pattern
;(8 Clk)-Go back to change LED

ONOFF

\ 4

* Initialize PORTC
Bit0 As Output
+ Save Bit Pattern

>

LOOP1

L

Y

* Turn Bit0 On/Off
* Initialize REG10 as
Counter For Delay

No

A

Decrement Count

Yes

* Complement Bit 0
* Go Back to Toggle
Bit0




Delay Recalculations to Account
for Outside Instructions — Single Loop

On/Off Time = S0uS = (Loop Instruction Cycles I, , x CLK x Count N, )
+ (1 x Cycles Outside Loop x CLK)

=12 x25n5x Count)|+|(l x 28 x 25 nS)
= (300 nS x Count) + 700 nSx

50 uS-0.7pS _ 49.3x10°
300 nS 300 x 10 7

Count = =164




Adding a Block of Data (p.163)

0 Add five data bytes stored in data registers
(0x10-0x14). The sum should be displayed at PORTB
and PORTC.

0 Use FSRO — Pointer
0 Use a carry register: CYREG

0 Assume values are given:
File Registers M= E3

NEXTADD

Initialize

* PORTC as Output Port

* Counter for Data Bytes

* FSRO-Pointer for Data Reqg.
» Clear WREG to Save Sum
* Clear CYREG to Save CY

>

v

+Add Data Byte and
Increment FSRO Pointer

No

Yes

Increment CYREG

——

Decrement Counter

Yes

Display Sum at
PORTB & PORTC

Il

C; End :)




Adding a block of num

CI'S

Initialize
Initialize
Ports

]
o

0005
0006
0007
0008
0009
0010
0011
0012
0013
0014

5
Set the Ptr

i
a

0016
0017

Move the Ptr

Lab:

0020
0021
0022
0023
0024
0024
0025
0026

000000 BUFFER
000000 COUNTER
000000 CYREG
000000

000000

000020 OE00
000022 6E93

000024 6E9%4
000026 OEO05
000028 6EO01

00002A 6A02
00002C EE00
00002E FO10
000030 OEOO
00032 24EE
00034 E301

000036 2A02
000038 0601

00003A EI1FB
00003C 6E82
00003E C002
000040 FF81

000042 0003

000044

START:

NEXTADD:

SKIP:

Number of errors = 0

EQU
EQU
EQU 0X02

ORG
MOVLW
MOVWEF
MOVWEF
MOVLW
MOVWEF
CLRF
LFSR

MOVLW
ADDWF
BNC
INCF
DECF
BNZ
MOVWEF
MOVFF

SLEEP
END

Assume the total is less than 2FFFF and we can only display two byes
Using PORT B and C
Modify the program to calculate the sum of registers 10-19
If the sum is zero set bit 0 of PORTA
If the sum>50H set bit 1 of PORT A

0x10
0X01

0x20

0x00

TRISB

TRISC

0X05
COUNTER
CYREG
FSRO,BUFFER

0x00
POSTINCO,W
SKIP

CYREG
COUNTER,1,0
NEXTADD
PORTC

CYREG, PORTB

How do you modify to
make the BUFFER

;Define the beginning data register address

;Set up register 01 as a counter

;Begin assembly at 0020H

;Byte to initialize port as an oyfpuapyt

o D

Initialize

* PORTC as Output Port

* Counter for Data Bytes

* FSRO-Pointer for Data Reg.
= Clear WREG to Save Sum
* Clear CYREG to Save CY

Initialize Ports B &C as an outpuf

;Count for five bytes

;Set up counter

;Clear carry register

;Set up FSRO as pointer for data rf

;Clear W register to save sum
;Add byte and increment FSRO
;Check for carry-if no carry jump
;If there is carry, increment CYRY
;Next count and save count in reg|
;If COUNT =/ 0, go back to add n
;Display low-order byte of sum af

ports

+Add Data Byte and
Increment FSRO Pointer

. No
egisterg—

Yes

to SKIP (J)ra

Incr
nch

g |

£G

ster

ext byte

Dec

rement Counter

PORTC

;Display high-order byte of sum a[ PORTB
No

size variable?

Yes

Display Sum at

POR

T8 & PORTC




Heading and Include files
must be included:

Displaying Breakpoints

S C\ VP Aditon o S| - o]
Title “IP5-7 Addition of== m l‘“—j
List p=18F452, f -111}1132—‘4 —SQJ DEONG _'I G452
$include <pl8F452.inc Address |  Symbol Newe | Value | A

OFES FSROL Ox10
BUFFER EQU Ox10 0010 BUFFER AvFé
COUNTER EQU 0X0l OOD 1 COUNTER n , "| c
CYR EQU OX02
" oo OFES UREG 0x00
ORC 0x20 QF82 PORTC 0x00
STADT: MOVLW 000 OF81 PORTE 0x00
MO VWF TRISB o002 CYREG Ox00 =
MOVWE  TRISC
MOVLW  OX0S il ﬂwm1 Watch2 | Watch3| Watch4|
MOVWE  COUNTED
CLRF CYFI;G ? File Registers
LFSR FSRO_ BUFFER
MOVLY 0300
e SRCEE :E‘ ;’ncc , 00D0 00 0S5 00 00 OD OO OO OO OO OO OO
e st oo10 F6 67 7F 49 7z [l oo oo oo oo oo
INCF CYREG 00zo0 00 00 0O 0O OO 0O OO OO OO OO OO
SHID- DECF COUNTER,1,0 0030 00 00O 00O OO OO OO OO 0O 0O 0O 0O
BNZ NEXTADD 0040 00 00 0O 00O 00 0O 0O 0O OO 0O QO
MOVWE  PORTC 0050 00 00O 00O 0O OD OO OO OO OO OO 00
MOYFF CYREG, PORTE 0060 00 OO0 OO 00 OO OO QOO 0O 0O 0O 00
SLEEpP 0070 00 00 00O OO0 OO0 OO OO OO OO OO0 OO ¥
END - 4 »
" Hex Symbolic




Using the Logic Analyzer

Problem: 5-2->3 going to REG3

Z:\...\Simple_Calculator.asm
;PICLS Simulator IDE

Title "IllustZ-6 Displaying Byte"

List p=18F452, f=inhx3Z

finclude <pl8F45Z2.inc> ;This is a header file for 18F452
;It includes definitions of SFRs

Address Symbol Narme
FD8 STATUS 00000011
FES WREG 0x03
Fg2z PORTC 0x00
F94 TRISC OxFF
0z3 RESULT 0x03
0z1 NUM1 0x05
ozz NUMZ 0x02

0ORG 0xz0o ;Begin assembly at 0000H

OPERATION EQU 20

NUM1 EQU z1

NUMZ EQU zz =
RESULT EQU 23

I | ogic Analyzer

(B MOVEF  NUMZ ,WREG
SUBWF NUML,0 ; F-W --» u

MOVEF  WREG, RESULT Trigger Position Trigger PC = Time Base Mode

Start &) Center O End O | |[ Now ][ Clear] ICyc v] |Simp|e | [ Channels ]

: ol B|E &R

ile Registers

ddress | 00

ooo oo

010 0o0 00O OO OO OO OO OO QO QOO OO0 OO0 04

ozo 00 05 02 03 00 OO0 §eEl OO0 00 00 00 04

o030 oo 00O OO OO OO OO OO OO OO 0O 00 04 g ) RBO

040 00 00 OO0 OO OO OO OO OO QOO 0O 0O 04 ;ﬂ 2

0s0 00 00O OO0 OO OO OO OO OO OO 0O 0O 04 Q E—,; RBI

060 00 00 FA OO OO OO OO OO OO0 0O 00 O g “ RB2

———— -

% ]Symbolic| "°U RB3
5
=1
=}

T T T
23.4 236 238




;//** Register Declaration:
regl equ 0x01
reglo equ 0x10
regll equ 0x11

2//*™* MAIN C O DE *wxxwkwrnknnf

org 0x20

startl
moviw

B'11111100°"
TRISD
regl

regl, PORTD ; this
Inner loop

reglo

Outer_loop

regll

determines the clock speed

High

Low oot

20,000 30,000

ATt

40,000 50,000 60,000 70,000

— RDO — RD1




Good Programing

;//** Constants
Inner loop equ D'10'
Outer loop equ D'1’

;//** Register Declaration:
regl equ 0x01
regloO equ 0x10
regll equ 0x11

;//** MAIN C ODE ‘#¥kkkkkkikdkik/
org 0x20
startl
movlw B'11111100°
movwf TRISD
movwt regl

onoff
movif regl, PORTD ; this determines the clock speed
movliw Inner loop
movwt reglo
movlw Outer loop
movwt regll



N —
Example on page 164 — Hide 1t




