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Objectives

= Unconditional branch (GOTO, BRA)
Conditional branch (BC, BNC, BZ, BNZ, BN, BNN, BOV, BNOV)

Create loops (single, nested)
= Call a function (CALL, RCALL)

= Generate a time delay using loops



Looping

1. Single loop (Examples 3-1 & 3-2)
2. Loop inside a loop (Example 3-4)
3. Looping 100,000 times

= ADD 3 TOWREG

DEC COUNT, TES
IS5 IT ZERO?

SKIP THE
NEXT
INSTRUCTION

— REPEAT

MOVE DATA ol




Loop inside a loop

LOAD WRES

!

LoAD PORTE

{

LOAD WREDS

Y

LOAD COUMNTER 1

4

LAl WREG

¢

LOAD COUNTER 2

,*

TOGGLE PORTE

!

DECREMEMNT COUNTER 2

'

LOP_1

LOP_2

IMSTRLCTICMN
M OWLWY D525

MOWWE PORTE

RS COLINT_

W ORANE R

MOWLWY COUNT_2

W OWARNE R

COMPF PORTHB, F

DECF R2,F

IS COUNTER 2
IERO?

DECREMEMNT COUMTER 1

ISCOUINTER 1

IEROQT

EMD

BNZ LOP_2

DECF R1,F

BMNZ LOP_1



Branch

= Unconditional branch instructions
« GOTO (GOTO is a long jump)
= BRA (BRA is a short jump)

= Conditional branch instructions
= All are short jumps



GOTO instruction

s 32-bit instruction

0 < k < FFFFF

= PIC16 has 2M of ROM space
= The LSB is 0, making sure even address

PCU PCH RO
-f4——— 8-bit ———ppg——— 8-bit —— P - - N hHi| —P

IO I 0 I OI Ko Kis I Kis k, I ke — k(}.

i} 21-bit Program Counlor ~— - ey




Goto vs. bra

- goto k
Jump to absolute address

11100 T | kekkke | kg
1117 | kaghk] Kkl | kbededg

0= k = FFFFF

PCL FCH FCL
- Ghit - 5-hit ———-—— 5-hit ——
ajojo 1{19 |f{15 |f{14 k;.r 1{5 |f{|:| a
i 21-hit Program Counter -
* bra 1101 | Onnn | nnnn | nnnn -1024
Jump to relative address Program
Counter
(PC+n) 1024 = n = 1023 Range

+1023



Branch instruction using flag bits

Instruction Action

BC Branch if C =1
BNC Branch 1if C # 1
BZ Branch if Z = 1
BNZ Branchif Z# 1
BN Branch if N =1
BN N Branchif N # 1
BOV Branch if OV =1
BNOV Branch if OV # 1




CALL instructions

Jump and return (the role of the stack)
Call a subroutine from the main program (Example 3-9)

Call many subroutines from the main program (Example 3-
11)

Relative call (short jump and return) (Example 3-12)



Call instruction

11101 1110 | kgkkk | kkdkdsg
1117 | kagkkk] kkkke | kg

0D = k = FFFFF

P FCH FCL
-— Ohit —— e ——— 5-hit — - —— G-hit ——
[o]o]o] ks kis | Kia k7 | ks ko|0]

ot} 21-hit Program Counter -
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Stack and stack pointer

= Store critical information temporarily

STACK
FOIMTER 220 STACK Al
(1F Hex) 11111
F
Stack pointer 1 -kit Stack pointer
increments, ~i - decrements
as information as information
IS pushed into IS popped out
stack af stack
Y
(01 Hes) oot — Taop of stack (first

availahle stack location)

11



Generate a time delay

= Instruction cycle
= Delay calculation (Example 3-18)
= Large delay using a nested loop (Example 3-20)
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Instruction cycle

= In Picl8, one instruction cycle consists of 4 oscillatory
cycles

= Example: Find the period of instruction cycle if crystal
frequency is 4 MHz and 20 MHz

= 4/4=1MHz instruction cycle = 1/1 MHz = 1 ps
» 20/4 =5 MHz instruction cycle = 1/5 MHz = 0.2 ps
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Pipelining

Mon-pipeline fetch 1 exec fetch 2 BXEC 2 fetch 3 BXEC 3
Fipeline fetch 1 exec
fetch 2 BXEeC 2
fetch 3 BXEC 3
fetch 4 exec 4
fetch & BXEC D
1 2 I3 Lkl
DECODE FEAD FROCESS | WRITE TO
|nstruction
Exec 1
Fetch 1 DIR|FP Y| Exec? ALY 3
Fetch2 |DIR|FP W] Execad ADDLW 3
Fetchs JDIR|PIW| Execd ADDLW 7
Fetchd JDIR|P W ADDLYY 2

D = Decode the instructon

R = Read the operand

P = Process (eg. ADDLW)

Wy = WWrite the resultto destination register
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