APPENDIX A – PIC Programming

PROGRAM 1

.title "First Test Project - Simple addressing"

;*********************************************************************

; Program: First Test Project

; Date: 7/8/00

; Programmer: Lance McBride

; Target: PIC16C77 CERDIP

;

; This is a test of setting up a port for output

; TTL Oscillator: 20.0000MHz (EACH INSTRUCTION=0.2us)

;

; Modification:

;   Date: 7/23/04

;   Programmer: Barbara Johnson

;   This modification is to port the original program to a

;   dsPIC30F.

;*********************************************************************

; .LIST P=30F6014, F=INHX32, R=HEX

 .INCLUDE "C:\pic30_tools\support\inc\p30f6014.inc"

; Register addresses

 .equ j, 0xF000
; assigns register address 0x20 to variable j

 .equ m, 0xF002

 .equ i, 0xF004

; .global __CONFIG _CP_OFF & _WDT_OFF & _HS_OSC

; Mainline of FIRST

 .global __reset

 .global __SP_init

 .global __SPLIM_init

 .global __OscillatorFail
;Declare Oscillator Fail trap routine label

 
.global
__AddressError

;Declare Address Error trap routine label


.global
__StackError

;Declare Stack Error trap routine label


.global
__MathError

    ;Declare Math Error trap routine label

; initialize registers.

; These (i, j, k) control the delay. The contents of each register;

; counts down until it hits zero, so the starting value of the

; register controls how long the delay is.

 .text

 .org 0

__reset:

        MOV #__SP_init, W15       ;Initalize the Stack Pointer

        MOV #__SPLIM_init, W0     ;Initialize the Stack Pointer Limit Register

        MOV W0, SPLIM



nop

 mov.b #20, W0

; moves 8-bit literal to working register 0 (W0)

 mov W0, i


; moves contents of W0 to i

 mov.b #0xFF, W0

 mov W0, j

 mov.b #0xFF, W0

 mov W0, m

; starts in bank 0 

 mov 
#0x0000, W0

; set port D output latch to 

 mov
W0, LATD

; all pins to logic low

 mov
#0x0000, W0

; set up direction on PORTD as all out

 mov
W0, TRISD


 

StartLoop:

 mov 
#0x0000, W0


; set all pins to logic 0

 mov
W0, LATD

 call  
Delay

 bset
LATD, #0

; set lowest pin to logic high & opto ch 3

 call  
Delay

 bset
LATD, #1

; set next pin to logic high & opto ch 2

 call  
Delay

 bset
LATD, #2

; set next pin to logic high

 call  
Delay

 bset
LATD, #3

; set next pin to logic high

 call  
Delay

 goto StartLoop

; PROCEDURE: Simple multiple instruction delay

; Total procedure = 8,437,956 cycles

; Time/cycle @ 20MHz = 200ns

; Total delay time = 1.6875912 seconds

Delay:

 mov  #0x20, W0

 mov  W0, i

DelayLoop1:      ; 32 * (6 + 263680)

 nop

  mov  #0xFF, W0

  mov  W0, j

DelayLoop2:      ; 256 * (6 + 1024)

  nop

  mov
#0xFF, W0

  mov
W0, m

DelayLoop3:      ; 256 * 4

   nop

; Decrement value in register, skip next instruction if value in

; register is then zero.


dec  m



; decrement value in register k


btsc m, #0

;
bra  DelayLoop3 
; if k is zero, go to DelayLoop3

    goto DelayLoop3

;    decfsz  k


; reduce loop counter

;    goto DelayLoop3

   dec  j

   btsc j, #0

;   bra  DelayLoop2

   goto DelayLoop2

  dec  i

  btsc i, #0

;  bra  DelayLoop1

  goto DelayLoop1

 return

Finished:


; now, just spin forever

 goto $

 .end
PROGRAM 2

.equ __30F6014, 1

.include "C:\pic30_tools\support\inc\p30f6014.inc"

.equ Fcy, #1000000

.global __reset

; Start of code.

.text

__reset:

 mov #__SP_init, w15

 mov #__SPLIM_init, w0

 mov w0, SPLIM

 nop

 mov #0xFF0F, w0 
; Initilize LED pins

 mov w0, LATD   
; to off state.

 mov #0xFF0F, w0 
; Set LED pins

 mov w0, TRISD  
; as outputs.

; Turn LEDs on and off, with delays in between.

Main:

 bset LATD, #1

 call Delay

 bclr LATD, #1

 call Delay

goto Main

Delay:

 do #9, Loop

; repeat #9998

 nop

 nop

 return

Loop:

 nop

 return

PROGRAM 3

 .equ __30F6014, 1

 .include "C:\pic30_tools\support\inc\p30f6014.inc"

; .global __SP_init

; .global __SPLIM_init

 .global Delay

 .text

Delay:

 do #2, DelayEnd

 repeat #3

 nop

DelayEnd:

 nop

 return

.end

PROGRAM 4

.title "Flash several LEDs"

; .equ __30F6014, 1

 .include "C:\pic30_tools\support\inc\p30f6014.inc"

; .equ Fcy, #1843200

 .global __reset 


;The label for the first line of code.

; .global __SP_init

 ;.global __SPLIM_init

 .global __OscillatorFail
;Declare Oscillator Fail trap routine label

 .global __AddressError

;Declare Address Error trap routine label

 .global __StackError

;Declare Stack Error trap routine label

 .global __MathError

;Declare Math Error trap routine label

; Start of code.

 .text

__reset:

 mov #__SP_init,w15 
;Initalize the Stack Pointer

 mov #__SPLIM_init,w0

 mov w0,SPLIM
    
;Initialize the Stack Pointer Limit Register

 nop


      ;Add NOP to follow SPLIM initialization

 mov #0xFFFF, w0

; Initilize LED pins

 mov w0, LATD

; to off state.

 mov #0xFFF0, w0

; Set LED pins

 mov w0, TRISD

; as outputs.

 mov #0xFFF0, w0

 mov w0, LATD

 mov #0xFFFF, w0

 mov w0, LATD

; Turn LEDs on and off, with delays in between.

Main:

 bclr LATD, #1

 call Delay

 bset LATD, #1

 call Delay

goto Main

Delay:

 do #200, DelayEnd

 repeat #3000

 nop

DelayEnd:

 nop

 return

Finished:


; now, just spin forever

 goto $

.end
PROGRAM 5

; ***************************************************

; * Author: Barbara Johnson




*

; * Date created: June 19, 2004



*

; *








*

; * Purpose: Learn to program the dsPIC30F6014.

*

; * Function: Turns all four LED lights on, then
*

; *

turns them off one at a time from left to
*

; *

right. Repeat infinately.


*

; ***************************************************

 .title "LED light sequence"

 ; Tells the PIC where to look for the include file.

 ; This must be changed if the program is ported to another computer.

 .include "C:\pic30_tools\support\inc\p30f6014.inc"

 .global __reset

; This must be declared as a global for reset

; to work.

 .text


; This is needed before you may

; start coding.

; The __reset label tells the pic where to reset to - at the

; beginning of the code.

__reset:

; Now initilize the stack pointer or return (as well as anything

; else that needs it) won't work.

 mov #__SP_init, w15
; Initilizes the stack pointer.

 mov #__SPLIM_init, w0

 mov w0, SPLIM

; Initilizes the stack pointer limit register.

 nop



; Just good to have a slight pause.

; Initilize LED pins to off state because it is good practice.

 mov #0xFFFF, w0

; Note: active low logic

 mov w0, LATD

; Set the pins the LEDs use as outputs. Leave the rest as inputs

; because it is good practice.

 mov #0xFFF0, w0

 mov w0, TRISD

; Now start the actual lighting of the LEDs.

main:

; Delay the next command so that the changes can be seen.

 call delay

; Light all four LEDs.

 mov #0xFFF0, w0

 mov w0, LATD

 call delay

 bset LATD, #0

; Turns LED1 off.

 call delay

 bset LATD, #1

 call delay

 bset LATD, #2

 call delay

 bset LATD, #3

goto main


; Loops forever.

; ---------------------------------------------------

; Oscillator speed is 7.3728MHz. Options are chosen

; to multiply this by four.  However, since it takes

; four cycles to execute a command, commands are

; therefore executed at 7.3728MHz.

;

; Repeat executes the nop 5001 times each time it is

; reached, which is 1001 times. Also, a nop in

; delayEnd is executed 1001 times. Therefore, the

; delay function executes (5001+1+1)*(1000) = 5003000

; lines before it goes back to where it was called.

; This process therefore takes 0.6786 seconds.

; ---------------------------------------------------

delay:

 do #1000, delayEnd
; Calls delayEnd 1000 + 1 times.

 repeat #5000

; Repeats the next line of code 5000 + 1 times.

 nop

; delayEnd is just used to take up time and returns to "repeat #5000"

delayEnd:

 nop

 return

; Apparently, it is good practice to have the following

; two lines at the end of a program.

fine:

 goto $

.end
PROGRAM 6

; ***************************************************

; * Author: Barbara Johnson




*

; * Date created: June 29, 2004



*

; *








*

; * Purpose: Learn more about programming the

*

; *

dsPIC30F6014 - specifically interupts.
*

; * Function: Turns on the four LEDs in a different
*

; *

pattern, according to which of the four
*

; *

buttons was last depressed.


*

; ***************************************************

 .title "LED Controls"

 ; Tells the PIC where to look for the include file.

 ; This must be changed if the program is ported to another computer.

 .include "C:\pic30_tools\support\inc\p30f6014.inc"

 .global __reset

; This must be declared as a global for reset 
; to work.

 ; ---------------------------------------------------------------

 ; The following are where the corresponding interrupts point.

 ; They must be declared as global. Then the code you want to be

 ; executed upon interrupt must be under that label (complete with

 ; retfie). The specific label must be found. See lines 339-656 in

 ; the linker script.

 ; NOTE: .org cannot be used. It is not a valid directive.

 ; ---------------------------------------------------------------

 .global __INT1Interrupt
; INT1 points here.

 .global __INT2Interrupt

 .global __INT3Interrupt

 .global __INT4Interrupt

 .text



; This is needed before you may start coding.

; The __reset label tells the pic where to reset to - at the

; beginning of the code.

__reset:

; Now initilize the stack pointer or return (as well as anything

; else that needs it) won't work.

 mov #__SP_init, w15

; Initilizes the stack pointer.

 mov #__SPLIM_init, w0

 mov w0, SPLIM


; Initilizes the stack pointer limit register.

 nop




; Just good to have a slight pause.

; Initilize LED pins to off state because it is good practice.

 mov #0xFFFF, w0


; Note: active low logic

 mov w0, LATD

; Set the pins the LEDs use as outputs. Leave the rest as inputs

; because it is good practice.

 mov #0xFFF0, w0

 mov w0, TRISD

; Set the pins the switches use as inputs.

 mov #0xFFFF, w0

 mov w0, TRISA

; Note: switches are active low.

; Enable INT<4:1>, which correspond to Switches 1-4.

; This is found on page 48 of the dsPIC30F6014 data sheet.

 mov #0x001E, w0

 mov w0, INTCON2

; Enable the bits that allow INT<4:1> to be interrupts.

; IEC number and corresponding bit number is found on

; page 48 in the dsPIC30F6014 data sheet.

 bset IEC1, #0


; Enable INT1.

 bset IEC1, #7

 bset IEC2, #4

 bset IEC2, #5

; Set the priority of each of the interrupts. This is done from an

; IPC register. Each interrupt has three bits in which a priority

; level from 0 to 7 may be assigned. The exact locations can be

; found in Table 5-2 on page 48 of the Data Sheet.

 bclr IPC4, #INT1IP0
; These three lines set

 bset IPC4, #INT1IP1
; the priority level of

 bclr IPC4, #INT1IP2
; INT1 to 2.

 bclr IPC5, #INT2IP0

 bset IPC5, #INT2IP1

 bclr IPC5, #INT2IP2

 bclr IPC9, #INT3IP0

 bset IPC9, #INT3IP1

 bclr IPC9, #INT3IP2

 bclr IPC9, #INT4IP0

 bset IPC9, #INT4IP1

 bclr IPC9, #INT4IP2

Done:


;Loop forever while interrupts run

 nop

 nop

goto Done

; ---------------------------------------------------

; Note: All patterns are set up to "play" once, then

; stop. The interrupt of the different switches

; starts the pattern. When the pattern is done, all

; the LEDs go off and the program returns to the Done

; loop, which loops forever without doing anything

; when there are no interrupts.

; ---------------------------------------------------

; This pattern corresponds to SW1 and turns all the LEDs off, then

; turns each LED on (from left to right) until all are lit. Repeat.

__INT1Interrupt:

; Start with all four LEDs off.

 mov #0xFFFF, w0

 mov w0, LATD

 call delay

 bclr LATD, #0


; Turns LED1 on.

 call delay

 bclr LATD, #1

 call delay

 bclr LATD, #2

 call delay

 bclr LATD, #3

 call delay

; End with all four LEDs off.

 mov #0xFFFF, w0

 mov w0, LATD

 bclr IFS1, #0


; Clear the interrupt.

retfie

; Changes between LED1 on, LED3 off and LED1 off, LED3 on.

__INT2Interrupt:

; Start with LED1 on and the rest off.

 mov #0xFFF7, w0

 mov w0, LATD

 call delay

 setm LATD

 bclr LATD, #2

 call delay

; End with all four LEDs off.

 mov #0xFFFF, w0

 mov w0, LATD

 bclr IFS1, #7


; Clear the interrupt.

retfie

; Changes between LED1, LED3 on and LED2, LED4 on.

__INT3Interrupt:

; Start with LED1, LED3 on and LED2, LED4 off.

 mov #0xFFF5, w0

 mov w0, LATD

 call delay

 mov #0xFFFA, w0

 mov w0, LATD

 call delay

; End with all four LEDs off.

 mov #0xFFFF, w0

 mov w0, LATD

 bclr IFS2, #4


; Clear the interrupt.

retfie

; Counts in binary.

__INT4Interrupt:

; Start with all four LEDs off.

 mov #0xFFFF, w0

 mov w0, LATD

 call delay

 bclr LATD, #3

; 0001

 call delay

 bset LATD, #3

; 0010

 bclr LATD, #2

 call delay

 bclr LATD, #3

; 0011

 call delay

 bset LATD, #3

; 0100

 bset LATD, #2

 bclr LATD, #1

 call delay

 bclr LATD, #3

; 0101

 call delay

 bset LATD, #3

; 0110

 bclr LATD, #2

 call delay

 bclr LATD, #3

; 0111

 call delay

 bset LATD, #3

; 1000

 bset LATD, #2

 bset LATD, #1

 bclr LATD, #0

 call delay

 bclr LATD, #3

; 1001

 call delay

 bset LATD, #3

; 1010

 bclr LATD, #2

 call delay

 bclr LATD, #3

; 1011

 call delay

 bset LATD, #3

; 1100

 bset LATD, #2

 bclr LATD, #1

 call delay

 bclr LATD, #3

; 1101

 call delay

 bset LATD, #3

; 1110

 bclr LATD, #2

 call delay

 bclr LATD, #3

; 1111

 call delay

; End with all four LEDs off.

 mov #0xFFFF, w0

 mov w0, LATD

 bclr IFS2, #5


; Clear the interrupt.

retfie

; ---------------------------------------------------

; Oscillator speed is 7.3728MHz. Options are chosen

; to multiply this by four.  However, since it takes

; four cycles to execute a command, commands are

; therefore executed at 7.3728MHz.

;

; Repeat executes the nop 5001 times each time it is

; reached, which is 1001 times. Also, a nop in

; delayEnd is executed 1001 times. Therefore, the

; delay function executes (5001+1+1)*(1000) = 5003000

; lines before it goes back to where it was called.

; This process therefore takes 0.6786 seconds.

; ---------------------------------------------------

delay:

 do #1000, delayEnd

; Calls delayEnd 1000 + 1 times.

 repeat #5000


; Repeats the next line of code 5000 + 1 times.

 nop

; delayEnd is just used to take up time and returns to "repeat #5000"

delayEnd:

 nop

return

; Apparently, it is good practice to have the following

; two lines at the end of a program.

fine:

 goto $

.end
PROGRAM 7

; ***************************************************

; * Author: Barbara Johnson




*

; * Date created: July 12, 2004



*

; *








*

; * Purpose: Learn to program the dsPIC30F6014.

*

; * Function: Provides a fast oscillating signal to
*

; *

a pin on the processor.



*

; ***************************************************

 .title "Clock"

; Location of the include file for the dsPIC30F6014.

 .include "C:\pic30_tools\support\inc\p30f6014.inc"

 .global __reset

 .text

__reset:

 mov #__SP_init, w15
; Initilizes the stack pointer.

 mov #__SPLIM_init, w0

 mov w0, SPLIM

; Initilizes the stack pointer limit register.

 nop

; Set RD0 to an output.

 bclr TRISD, #0

 mov #16384, w0

; Osilate pin RD0 as fast as possible.

fast:

 repeat w0

 btg LATD, #0

goto fast

fine:


; Loop forever at the end.

 goto $

.end

PROGRAM 8

; ***************************************************

; * Author: Barbara Johnson




*

; * Date created: June 30, 2004



*

; *








*

; * Purpose: Learn how to handle serial interrupts. 
*

; * Function: Sets different LED patterns based on
*

; *

the last interrupt recieved.


*

; ***************************************************

; @@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
; @ NOTES









  @

; @










  @

; @ UART enables are located in register IEC0, bit numbers 9 and 10 @

; @

(U1RXIE and U1TXIE, respectively).



  @

; @










  @

; @ UART flags are located in register IFS0, bit numbers 9 and 10
  @

; @

(U1RXIF and U1TXIF, respectively).



  @

; @










  @

; @ UART priorities are set in register IPC2, U1RXIP<2:0> (<6:4>)
  @

; @

and U1TXIP<2:0> (<10:8>)




  @

; @










  @

; @@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

.title "Serial Input"

.equ Fcy, 7372800


; Used in computation of Baud rate.

.include "C:\pic30_tools\support\inc\p30f6014.inc"

.global __reset

.global __U2RXInterrupt

.global __U2TXInterrupt

.global __INT4Interrupt

.text

; Start code.

__reset:

; Take care of stack settings.

 mov #__SP_init, w15

 mov #__SPLIM_init, w0

 mov w0, SPLIM

 nop

; Set the pins the LEDs use as outputs.

 mov #0xFFF0, w0

 mov w0, TRISD

; Set the pins the switches use as inputs.

 mov #0xFFFF, w0

 mov w0, TRISA

; Initilize LED pins.

 mov #0xFFFF, w0


; Note: active low logic

 mov w0, LATD

; Specs for the UART settings can be found on page 107 of the

; Data Sheet.

; BRG was calculated to be 47, so load that into the appropriate

; register. [Baud Rate = Fcy/(16*(BRG+1))]

; Note: This program was meant for a baud rate of 9600.

 mov #0x002F, w0

 mov w0, U2BRG

 bset U2MODE, #UARTEN

; Enables the UART.

 bset U2STA, #UTXEN

; Enables transmission

 bclr IFS1, #U2RXIF

; Clears the interrupts

 bclr IFS1, #U2TXIF

; before enabling them.

 bset IEC1, #U2RXIE

; Enables RX interrupt.

 bset IEC1, #U2TXIE

; Enables TX interrupt.

 bset INTCON2, #INT4EP

; Enables interrupt

 bset IEC2, #INT4IF

; for SW4.

 bset U2STA, #URXISEL1

; Enables RX interrupt signal.

 bclr U2STA, #UTXISEL

; Enables TX interrupt signal.

blank:


; Loop while doing nothing until interrupt.

 nop

 call delay

 bclr LATD, #2

 call delay

 bset LATD, #2

 call delay

 nop

goto blank

__U2RXInterrupt:

 bclr LATD, #0

 call delay

 bset LATD, #0

 call delay

 call data

; Test to see if there is any more data in the buffer. If so, read it.

 btsc U2STA, #URXDA

  call data

 btsc U2STA, #URXDA

  call data

 btsc U2STA, #URXDA

  call data

 bclr IFS1, #U2RXIF

; Clear the interrupt.

retfie

__U2TXInterrupt:

 bclr LATD, #1

 call delay

 bset LATD, #1

 bclr IFS1, #U2TXIF

retfie

__INT4Interrupt:

 bclr LATD, #3

 call delay

 bset LATD, #3

 bclr IFS2, #5

retfie

; ---------------------------------------------------

; Oscillator speed is 7.3728MHz. Options are chosen

; to multiply this by four.  However, since it takes

; four cycles to execute a command, commands are

; therefore executed at 7.3728MHz.

;

; Repeat executes the nop 5001 times each time it is

; reached, which is 1001 times. Also, a nop in

; delayEnd is executed 1001 times. Therefore, the

; delay function executes (5001+1+1)*(1000) = 5003000

; lines before it goes back to where it was called.

; This process therefore takes 0.6786 seconds.

; ---------------------------------------------------

delay:

 do #500, delayEnd

; Calls delayEnd 1000 + 1 times.

 repeat #5000


; Repeats the next line of code 5000 + 1 times.

 nop

; delayEnd is just used to take up time and returns to "repeat #5000"

delayEnd:

 nop

return

data:

 mov #0x0061, w0

; Move hex for 'a' into w0.

 mov U2RXREG, w1

; Read into w1.

 cpsne w0, w1

; Test to see if the character read is 'a'.

  clr LATD


; If so, flash all LEDs.

 call delay

 setm LATD


; Don't forget to turn them off.

 call delay

 mov #0x0006, w3

 cpseq w0, w1

; If not, flash just a few LEDs.

  mov w3, LATD

 call delay

 setm LATD

 call delay

return

; Apparently, it is good practice to have the following

; two lines at the end of a program.

fine:

 goto $

.end
APPENDIX B – Orcad Simulation
The following is the PSpice model file for simulation in Orcad. It can be found at ON Semiconductor’s website. The end of line 30 contains the parameter detailing the breakdown voltage for the MGSF1P02LT1 p-channel transistor. This parameter was changed from 20 to 30 in order to determine if a transistor with a higher breakdown voltage would work.

.SUBCKT mgsf1p02lt1 1 2 3

**************************************

*      Model Generated by MODPEX     *

*Copyright(c) Symmetry Design Systems*

*         All Rights Reserved        *

*    UNPUBLISHED LICENSED SOFTWARE   *

*   Contains Proprietary Information *

*      Which is The Property of      *

*     SYMMETRY OR ITS LICENSORS      *

*Commercial Use or Resale Restricted *

*   by Symmetry License Agreement    *

**************************************

* Model generated on Feb 11, 98

* MODEL FORMAT: PSpice

* Symmetry POWER MOS Model (Version 1.0)

* External Node Designations

* Node 1 -> Drain

* Node 2 -> Gate

* Node 3 -> Source

M1 9 7 8 8 MM L=100u W=100u

* Default values used in MM:

* The voltage-dependent capacitances are

* not included. Other default values are:

*   RS=0 RD=0 LD=0 CBD=0 CBS=0 CGBO=0

.MODEL MM PMOS LEVEL=1 IS=1e-32

+VTO=-2.12342 LAMBDA=0 KP=2.31541

+CGSO=7.5214e-07 CGDO=1e-11

RS 8 3 0.0001

D1 1 3 MD

.MODEL MD D IS=1.17738e-10 RS=2.65469 N=1.5 BV=20

+IBV=1e-06 EG=1.2 XTI=4 TT=0.0001

+CJO=1.46467e-10 VJ=3.14825 M=0.9 FC=0.5

RDS 3 1 1e+06

RD 9 1 0.207202

RG 2 7 4.09017

D2 5 4 MD1

* Default values used in MD1:

*   RS=0 EG=1.11 XTI=3.0 TT=0

*   BV=infinite IBV=1mA

.MODEL MD1 D IS=1e-32 N=50

+CJO=3.12591e-10 VJ=0.5 M=0.678808 FC=1e-08

D3 5 0 MD2

* Default values used in MD2:

*   EG=1.11 XTI=3.0 TT=0 CJO=0

*   BV=infinite IBV=1mA

.MODEL MD2 D IS=1e-10 N=0.4 RS=3.00001e-06

RL 5 10 1

FI2 7 9 VFI2 -1

VFI2 4 0 0

EV16 10 0 9 7 1

CAP 11 10 3.12591e-10

FI1 7 9 VFI1 -1

VFI1 11 6 0

RCAP 6 10 1

D4 6 0 MD3

* Default values used in MD3:

*   EG=1.11 XTI=3.0 TT=0 CJO=0

*   RS=0 BV=infinite IBV=1mA

.MODEL MD3 D IS=1e-10 N=0.4

.ENDS mgsf1p02lt1
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