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Example Code Explanations
; http://softwareforeducation.com/electronics/notes/A2/sim/01-nop-imp.php
; ===== Example 1 =====
E == This is Comment == ASSEMBLER This program translates human readable codes like NOP into binary
’ NOP understood by the microcontroller.

NOP NOP Do nothing for one clock cycle. It’s used for small time delays.

NOP The six bit machine code for NOP is 00 0000, or 0x00.

NOP START: This labels address 0x4 (in this example)
START : JMP START: Set the Program Counter PC to the specified address.

NOP PC 0x04 00000100

NOP The machine code for JMP is 10 1000, or 0x28.

ng START: labels the destination address of 0x04.

IMP START The full machine code is 0x2804.

Here is the assembled machine code for this example program.
The pink shading is the program counter pointing at address 0x08.
¥y of 1] 2] 3] a] s e 7] =8

000000 (0000|0000 |0000(0000|0000|0000(0000 (2804

To assemble the program, press @ You must re-do this after every code change.

To stop or single step the program, press @

To run the program faster, press 0 or slower, press o
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; ===== Examp|e 3 =====

’ MOVW  0X00
MOVWR TRISC

START:
MOVW 0x55
MOVWR PORTC
MOVW OxA
MOVWR PORTC
MOVW 0OxC
MOVWR PORTC
MOVW Ox2
MOVWR PORTC
JMP START
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To connect the traffic lights to PORTC and make them visible, click
here.

@ | W 3x02 00000010|SHOW Traffic Light Connesk o
[pc 0x03 00001001 REGE SEV-SEG
@ SP OxFE 11110110 00T HERT CRAY

SR zZC

/] LED= SWITCHES STEPPER
0x00 DO0O0ODD

-_ il

This example controls the traffic lights. The control data is incorrect

ﬂﬁﬁéﬁﬂﬁbx and your task is to fix it.

[porTC 00100001] MOVW OX00
This will set all eight PORTC lines to outputs

MOVW TRISC
This copies W into TRISC to set the PORTC lines to outputs.

MOVW  0x55
This copies 0x55 into the working register
W 0xh5 01010101

MOVWR PORTC This sends traffic lights control data to PORTC
START: This labels address 0x2.

JMP START This sets the program counter PC to 0x2
PC 0Ox0Z 00000010

Here is the assembled machine code for this example.

b of 1] 2] 3] a] s & 7] 8] 9 =
oo|300001rc[3055|[01FD[300a[01FD [300c]01FD [3002[01FD [2802

Use this grid to help design the correct traffic lights control data.

Hex

00
0x1
02
03
04
0x5
0x6
07
0x8
0x9
L1378
L1304 3
0=
0D
OxE
OxF
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MOVW
MOVWR
LOOP:

MOVRW
ANDW
SUBW
JPZ
JMP

TOOHOT:

0X1
TRISA

PORTA
Oox1

ox1
TOOHOT
TOOCOLD

; Add two lines here

JIMP

TOOCOLD:

LOOP

; Add two lines here
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To connect the heater to PORTA and make it visible, click here.

|snow Heater and Connect to PDRThl
TRAFFIC  SEV-5SEG e.
HERIDGE CRAY

LED= SWITCHES STEFFPERE

@ | W 0x02 00000010
|[=c 0x09 00001001
SP OxF& 11110110

Sh Z C
0x00 00000000

Your task is to write code to make the
temperature settle at about 22C.

MOVW  0x1
MOVWR TRISA

I .. ..o e cctbit 0 of PORTAto

||:-1' Heater D0 Thermostat PORTR 1unnunn1| be an input.

JMP LOOP
MOVRW PORTA This line reads data from PORTA and copies it into W. Because this happens
repeatedly, this is called polling PORTA.
ANDW 0x1 This is a bit mask. Bit 0 is unchanged and all the other bits are set to zero.
SUBW O0x1 Subtract 1 from W. If W contained one, it will now contain zero and the Z
flag will have been set. You could alternatively use XORW 0x1
SR Z C
0x04 00000100
MOVW — OX00 http://softwareforeducation.com/electronics/notes/A2/sim/05-Delay.php
MOVWR TRISC
START: -
MOVW o0x21 Connect the traffic lights to PORTC
MOVWR PORTC
MOVW 0x20 @ W 0x1E 00011110 ||SHOW Traffia Lights Connae
CALL DELAY @ BC Ox1d4 00010100 = SEV-
Sp OxF5 11110101 .
MOVW 0X62 0 SR 2 :]EEIDJ o . ik
MOVWR  PORTC 0x00 ooooooon|  “EDS SIACMEESS | SIS
MOVW  OX05 -
CALL DELAY
MOVW 0x20  0x20 controls the length of the time delay.
MOVW 0X84
MOVWR  PORTC CALL DELAY Set PC to the start address of the delay subroutine.
MOvW  0X20 \\\\\\ [Pc 0x13 00010011 |
CALL DELAY
|PDRTC l]llllllllll11| Also the return address is saved onto the stack
MOVW 0X46 Stack Pointer 5P
MOVWR PORTC
MOVW 0X05 0000|0006
CALL DELAY Return Address
JMP START
. RET When the subroutine returns, the return address is copied back into PC and
DELAY: the stack pointer is moved back to its original position.
susw  OX1 0000|0006
JPZ DONE -
JIMP DELAY
DONE: This subroutine code could be saved in a library for use in many different programs.

RET
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; Timer Interrupts

MOVW 0Xx1

MOVWR PRE

MOVW TIMER

MOVWR 1VEC

STI
; loop should do
; something
START:

NOP

NOP

NOP

NOP

JMP START
; TIMER INTERRUPT
: HANDLER
TIMER:

MOVW 0X20
COUNT :

SUBW 0ox1

JPZ DONE

JMP COUNT
DONE:

RET
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MOVW  0x1
MOVWR PRE

Prescaler value
Copy 0x1 to the prescaler. This will divide the clock by PRE + 1

MOVW TIMER TIMER labels the start address of the Timer Interrupt code.

MOVWR IVEC

STI

Copy this start address into the IVEC register. Whenever the timer interrupt
happens, this address will be used and the code at this address will be run.
Set Timer Interrupt. Enable timer interrupt processing. Not in AQA spec’.

Here is a do nothing or idle loop. The NOP commands make the loop execution visible and
could be removed.

When TMR is zero, the timer interrupt is triggered. The processor sets the PC to the address
located in IVEC. The return address is saved onto the stack.

When the interrupt is complete, the RET command causes the return address saved on the
stack to be copied into PC so the processor resumes its previous task.

TIMER:
MOVW 0x20
COUNT:
SUBW 0x1
JPZ DONE

JMP COUNT
RET

This labels the start address of the timer interrupt code.

This initialises W. Count down from 0x20 to zero.

This labels the point in this loop where the repetition will happen.
Subtract one from W and store the result in W.

This does a jump if the Z flag is set.

The Z flag is set when a move or calculation leaves Zero in W.
Carry on counting down if the zero has not been detected.
Return from the interrupt.
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Assembler language microcontroller instructions

w

none No operation none none
. stack <=PC
CALL K Call subroutine PO <K none 2
RET none Return from subroutine PC <= stack none 2
INC R Increments the contents of R (H) == (R +1 Z 1
DEC R Decremeants the contents of R (F) <= (R) -1 Z 1
ADDW K Add Kto W We=W+K Z,C 1
ANDW K AND K with W We=WeK ZC 1
SUBW K Subtract K from W We=W-K ZC 1
ORW K OR Kand W We=W+K ZC 1
XORW K XOR Kand W W<=WDK Z,C 1
JMP K Jump to K {GOTO) PC ==K none 2
JPZ kK Jump to K on zero flag set PC ==K none 2
JPC kK Jump to K on carry flag set PC ==K none 2
MCOVWR R Move W to the contents of R (F) =W Z 1
[ movw Kw | MoveKtoW W <= K Z 1
MOVEW R Move the contents of R to W W <==(R) Z 1

The red highlight may be a typo by AQA. For this line to make sense, it should read MOVW K



