LEU500 — Maskinorienterad programmering

@ CHALMERS

Maskinorienterad programmering
2013/2014

CPU12 Reference Guide
Stencil: "Assemblerprogrammering.pdf”

Ur innehallet:
Réaknarkretsar ("TIMERS”)
Pulsbreddsmodulering ("PWM™)
Analog-/Digital- omvandling ("AD™)
Seriekommunikation, RS232
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CRG, Clock Reset Generator

HCS12 har programmerbar arbetstakt . Kontrolleras fran CRG-modul.

Address I PLLSEL o 50N |
Cifset Use Access | ULSEL or SC |
500 TR Synhesaer Regeter (SYNR) G 1 WAITCWALSYSWAD. |
501 TR Reference Dhider Regster (REFDV] o 1 — STOP |
5 02 s g RW +* % Corw Cioek
X CRG Test Flags Register (CTFLG) 1 ] |
500 CR Flags Register (CROFL AW 1 WAIT(SYSWAD. [
305 A W 1 STOP
505 Select Reget EL) W 1 4 Clodk
.06 CRG PLL Control Register (PLLCTL) AW | WAIT(RTIWAIL) |
507 E o Register (RTICTL} AW | STOP{FSTP PRE| |
= > T > = EXTAL T 3
$_08 R Zonirol Register (COPCTL) W RT1 enable
5 —T r'a !
5 09 CRIG Force and Bypass Test Register (FORBYPY RW 1 ose ) I
T N 3 h o
“cn.c. =?4 c“‘f"‘ Regs.:r{CTCTL]. RW -l WAIT(COPWAL, |
CRG COP Arm/Tumer Reset (ARMCOP) RW | STORFSTEICE), |
h COP enable |
e for factory test purpeses only e
ruded fof RBCiory 1est pUMposes ordy. 1 Cod |
ded for factony test purposes only I Monior |
1 WAIT(SYSWAL, |
STOP
(SYNR=1) l 1o L
PLLCLK = 2xOSCCLKY ——Fi—— 1 i = Caclter
{REFDV=+1) | i
1 |
I |
I I
1 |

BusClock (E) = PLLCLK/2
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EXEMPEL: Bestam busfrekvens

Antag 8 MHz kristall.

PLLCLK far aldrig vara mindre &n OSCCLK eftersom detta aventyrar
stabilitetsvillkoren i oscillatorn.

PLLCLK/2 far aldrig vara storre &n nominella arbetsfrekvensen hos kretsen. For

forsta generationens HCS12 innebér detta att PLLCLK/2 < 25 MHz.

(SYNR +1)
(REFDV +1)

50MHz > 2x8MHz x

Satt:
SYNR =5o0ch REFDV =1

2><8MHwa: 2x8x3MHz = 48MHz
1+1)
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Basadress = $34
Clock Reset Generator (CRG)
Algoritm: Offset 7 6 Mnemonic Namn
. N $0 R 0 0 Synthesizer
1_. Skriv nya varden $34 | v SYNR Register
till SYNR, REFDV. $35 | %0 [R 0 0 CEDVITSDIREEER] - Reference Divide
1 W 3 2 1 0 Register
=
536 [ [ oo O T g
2. Vanta tills kretsen -
: $0 R LOCK1 SCM Flags Register
"laser” (LOCK=1) $37 3 [ RTIF | PORF | LVRF [T7F SCMIE|SCMIF CRGFLG
$38 $40 \?\/ RTIE 0 0 LOEKI 0 0 SCMIE 0 CRGINT Integ:sitsltzenrable
‘(?’\éa;(;,al_glé:jl_:lf) $39 $50 W PSTP SY?WA ROAWAI [PLLWAT [ CWAI [RTIWAI|COPWAI| CLKSEL Clgzziifelfc{
Sa =
$3A | 9 LR I oue [pLion| auto | Ao =2 pre | Pce |scme | pLicTL PLL Control
6 W Register
$3B [ 30 [ R 1 O lorpe|RTRs | RTR4 | RTRS | RTR2 | RTRL | RTRO | RTICTL RTI Control
7 w Register
$3C [ *0 L R Jycop [rspok—2—1—21C% 1 cr2 | cr1 | cro | copcri | COP Control
8 w Register
R 0 0 0 0 0 0 0 0 *)Force and
$3D $9° W FORBYP Bypass Test
Register
$3E | $0 R [ 0 [ 0 0 0 0 0 CTeTL *)Test Control
A W Register
$3F [0 [ R [ 0 [ 0 0 0 0 0 | arwcop | COP Arm/Timer
B w Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 [ Bitl | BitO Reset
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Clock Reset Generator (CRG)
Offset 7 6 5 4 3 2 1 0 Mnemonic Namn
$34 $(? 5; 0 O 1 svNs | syN4 | Syns | svnz [svni|svno| svar Sﬁ‘eﬂg’f;'ezre'
$0 | R 0 0 0 0 |REFDV|REFDV|REFDV|REFDV Reference Divide
$35 1 W 3 2 1 0 REFDV Register

0 |_R 0 0 0 0 0 0 0 0 =)Test Flags
$36 | ® CTFLG :

2 W Register
$37 $?? VFf, RTIF | PORF | LVRF LOEK' Lock |scmie|semiF ] creFLe Flags Register
$38 $;:) \'?\/ RTIE 0 0 LOEKI 0 0 SCMIE 0 CRGINT Integ:g;sltier:able
$39 $0 R PLLSEL | PSTP SYSWA ROAWAI [PLLWAL [ CWAI |RTIWAI|COPWAI| CLKSEL CIOCk.SEIeCt

5 W 1 Register
$3A $E? 53 ome |pLLon| Auto | Aco 2 Pre | pce | scmE | PLLCTL P"R"e;‘;t”etrm'
$3B $70 53 O I rTre | RTR5 | RTR4 | RTR3 | RTR2 | RTR1 | RTRO | RTICTL Rg'egi‘;?;o'
$3C | *0 R Jucop [Rspok—2—4—21O9 1 cr2 | cra | cro | copcti | COP Control

8 W Register

R 0 0 0 0 0 0 0 0 *)Force and
$3D Sg’ W FORBYP Bypass Test
Register
$3E [ %0 R 0 0 0 0 0 0 0 0 *)Test Control

A W et Register
$3F [$0 R 0 0 0 0 0 0 0 0 COP Arm/Timer

B [ W [Bit7|Bite|Bits |Bitd|Bit3|Bit2 |Bitl [Bito] ~TMCOP Reset
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..programmering..

LEU500 — Maskinorienterad programmering

Implementera i assembler och 'C’

... Vi l6ser pa tavlan...
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Raknarkrets ("timer”), principiell funktion

“Pre-

Clk — |

scaler”

Anvands for att
dela ned
klockfrekvensen
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Pulser/
intervall

Réknar
vérde
“Reload”
0
Nedraknare
IRQ
Enable
00— RQ
Lasbart
register

IRQ IRQ IRQ

Periodiska
avbrott

Kan anvandas for att
skapa en
“REALTIDSKLOCKA”
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Realtidsklocka i HCS12

LEU500 — Maskinorienterad programmering

Address
Offset Use Access Tre olika register anvands for
$_00 CRG Synthesizer Register (SYNR) RW H
5 01 CRG Reference Divider Register (REFDV) RW realtldSkIOCkan
$_02 CRG Test Flags Register (CTFLG)' RIW
$.03 CRG Flags Register (CRGFLG) RW | S—
5 04 CRG Interrupt Enable Register (CRGINT) RW —
$.05 CRG Clock Select Register (CLKSEL) RW
$ 06 CRG PLL Control Register (PLLCTL) RW
$. 07 CRG RTI Control Register (RTICTL) RW e
$. 08 CRG COP Control Register (COPCTL) RW
$ 09 CRG Force and Bypass Test Register (FORBYP)? RW
$_0A CRG Test Control Register (CTCTL)® RIW
$_08 CRG COP Arm/Timer Reset (ARMCOP) RW
NOTES

1. CTFLG is intended for factory test purposes only.
2. FORBYP is intended for factory test purposes only.
3. CTCTL is intended for factory test purposes only
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Realtidsklocka i HCS12, initiering

Clock Reset Generator (CRG)
Algoritm, initiering Offset 7 6 5 4 3 2 1 0 [ Mnemonic Namn
$0 R 0 0 Synthesizer
$34 | T w SYN5 | SYN4 | SYN3 | SYN2 | SYN1 | SYNO [ SYNR Regicter
30 [ R 0 0 0 0 _|REFDV|REFDV|REFDV|REFDV Reference Divide
$35 1 W 3 2 1 0 REFDV Register
$0 R 0 0 0 0 0 0 0 0 )Test Flags
$36 2 W CInALE Register
) . 837 [0 LR terir | pore | Lvre |“°2! Lock [scur|semir S cropLe | Flaos Register
2. Aktivera avbrott fran $38 $0 R RTIE 0 0 [LOCKI| O 0 SCMIE 0 CRGINT Interrupt Enable
kretsen 4 W E Register
$39 $0 R PLLSEL| PSTP SYSWA ROAWAI [PLLWAL| CWAI (RTIWAI|COPWAI| CLKSEL CIOCk.seIeCt
5 W 1 Register
3A | $0 R 0 PLL Control
1. Skriv tidbas for $ 5 | CME [PLLON| AUTO | ACQ PRE | PCE | SCME | PLLCTL Register
avbrottsintervall till $3B $70 ;j OB o5 RTRS RTR4 RTR3 RTR2 RTRL RTRO (RABIIR Rg'egg;‘;o'
RTICTL $3C | *0 | R Jucop [Rspok—2+—21O9 1 cr2 | cra | cro | copct | COP Control
8 W Register
R 0 0 0 0 0 0 0 0 *)Force and
$3D 3;) W FORBYP Bypass Test
Register
$3E | $0 R 0 0 0 0 0 0 0 0 cTeTL *)Test Control
A W Register
$3F [$0 R 0 0 0 0 0 0 0 0 | arucop | COP AmTimer
B | W |Bit7|Bit6|Bit5|Bit |Bit3|Bit2|Bitl |BIitO Reset
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"Prescaler” for raknarkretsen  OSCCLK

= RTlfreq

RTR RTR[6:4]
[3:0]
000 001 010 011 100 101 110 111

(OFF)
0000 OFF 210 211 212 213 214 215 216
0001 OFF 2x210 2x211 2x212 2x213 2x214 2x215 2x216
0010 OFF 3x210 3x21 3x212 3x213 3x214 3x215 3x216
0011 OFF 4x210 4x21t 4x212 4x213 4x214 4x215 4x216
0100 OFF 5x210 5x21t 5x212 5x213 5x214 5x215 5x216
0101 OFF 6x210 6x21t 6x212 6x213 6x214 6x215 6x216
0110 OFF 7x210 7x211 7x212 7x213 7x214 7x215 7x216
0111 OFF 8x210 8x211 8x212 8x213 8x214 8x215 8x216
1000 OFF 9x210 9x2H 9x212 9x213 9x214 9x215 9x216
1001 OFF 10x210 10x211 10x212 10x213 10x214 10x215 10x216
1010 OFF 11x210 11x211 11x212 11x213 11x214 11x215 11x216
1011 OFF 12x210 12x21t 12x212 12x213 12x214 12x215 12x216
1100 OFF 13x210 13x21t 13x212 13x213 13x214 13x215 13x218
1101 OFF 14x210 14x211 14x212 14x213 14x214 14x215 14x216
1110 OFF 15x210 15x211 15x212 15x213 15x214 15x215 15x216
1111 OFF 16x210 16x211 16x212 16x213 16x214 16x215 16x216
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Berakning av tidbas Realtidsklocka i HCS12, vid avbrott
OSCC L K 8 x 106 1 ) ] Clock Reset Generator (CRG)
_ _ _ y _ 4 Algoritm, kvittera Offset 7 6 5 4 3 2 1 0 | Mnemonic Namn
- R-I-Ifreq:> - ) = RTR = XX 2 - 8X10 avbrott $34 %0 @ 0 O _fsyns | syna | svns |svnz [ syni|svno | svnr Sanetgie:t':re'
10 $35 | 0 [R 0 0 0 0 |REFDV[REFDV|REFDV|REFDV| - | Reference Divide
1 W 3 2 1 0 Register
$36 $20 ;el 0 0 0 0 0 0 0 0 p— *)'erzti s|=t|ee:gs
(Se &ven exempel i ”Stencil 27) LRTIF=1 $37 $3° m porr | LveF [F0F! | Lock [soune|somFSy crerLg | Flaos Register
Den bésta approximationen har vi for $38 | %0 [ R | prye .0 0 JrOCKT[ 0 [ 0 Jc "0 | o " o Interrupt Enable
.. 4 W E Register
— — . 13 =
RTR = 100 1001 - $49’ S°0m medfor 10x2*+ = 81920 . . . $39 $50 \5; PLLSEL| PSTP SY?WA ROAWAI [PLLWAI| CWAI [RTIWAI|COPWAI| CLKSEL Clg(;kiifelfcl
Eftersom detta vérde &r nagot stérre an det exakta, kommer vi att fa en nagot PO - 5 e
. C s . s ) Adress N| AUTO | AOQ PRE | PCE | SCME | PLLCTL Recister
langre periodtid, ndmligen: (hex) | Funktion P
avbrottsfrekvens = 8x106/ 81920 = 97.656 Hz FEFO |Real Time Interrupt ° | RTRS | RTR4 | RTRS | RTR2 | RTR1 |RTRO | RTACTL | megister
) ) N ) FFEE [Enhanced Capture Timer channel 0 0 0 COP Control
vilket ger perlodtlden: FFEC |Enhanced Capture Timer channel 1 PK CR2 | CRL | CRO | COPCTL Regi;zrm
FFEA |Enh. d Capture Ti h 12 0 0 0 0 0 0 * d
0.01024 s = 10,24 ms. S P FORBYP B);;;:se'?:st
2 w9 £ n PYH H FF8E_[Port P Interrupt Register
Klockan kommer alltsa att "ga for sakta™ som en foljd av detta systematiska fel. Frac | PWH Emoreency Shudown 0 T 01 0 0 0] 0| oo | HrestConia
FF8A- (R d Register
EF80 eserverade 0 0 0 0 0 0 ARMCOP COP Arm/Timer
[ B ] W [BIC7]BIL6 |Bit5|Bit4 |Bit3|Bit2|Bitl |Bit0 Reset
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..programmering..

Implementera i assembler och 'C’
... Vi l6ser pa tavlan...
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Realtidsklocka med hog upplosning

Bus clock ——= =

Modulus counter

Interrupt

Timer overflow

internupt

Timer channel 0

internupt -
-
-
-
-
-
-

Timer channel 7

internupt -

PA overflow -—

internupt

PA input

niterupt

PB overflow -

interrupt

Prescaler

!

J

Channel 0
Input capture

10C0

16-bit Counter I
16-bit Modulus Counter

Registers

16-bit
Pulze accumulator 4

Output compare

[

Channel 1
Input capture

J

1oc1

Output compare

[

Channel 2
Input capture -

|

[

Output compare

Channel 3
Input capture
Output compare

Channel 4
Input capture
Output compare

Channel 5
Input capture ™
Output compare
Channel &
Input capture -

I

10C2

fa—= |0C3

le—»10C4

ft—|OC5

Output compare

[

Channel 7

16-bit
Pulse accumulator B

10CE

Ingut capture | f=—s=i0c?

"Enhanced Capture
Timer” (ECT)

En maskincykels
noggrannhet

EXEMPEL:
Arbetstakt= 24 MHz

PERIOD = 24 000
Intervall =1 ms

Noggrannhet = 1/24 000 000
sek. = 41,7 x 10 sec.
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TI0S EQU $40
TCNT EQU $44
TIE EQU $4C U dutycycle
TFLG1  EQU SAE u - 1y Uout =—7—U
TOC_O  EQU $50 w= 5 penod
TOCirg : MOVB #1,TFLG1 ; kvittera
PERIOD  EQU 24000 LDD TCNT ; ny period period "
ADDD #PERI0OD duty- A "
Init:  MOVB  #1,TIOS ; ch O &r OC STD TOC_O cycle Period och "duty-
MOVB #1,TIE  ; tilldt IRQ RTI cycle” ar
LDD TCNT ; aktuell cykel u
ADDD  #PERIOD ; addera period U, = Su programmerbart
STD TOC_O ; nasta avbrott Adress 4
RTS (hex) | Funktion
FFFO [Real Time Interrupt
ORG $FFEE FFEC | Enhanced Capture Timer channel 1
FDB TOCi1 rq FFEA |Enhanced Capture Timer channel 2 U
Unu[ = U
FF8E Port P Interrupt
FF8C | PWM Emergency Shutdown
FF8A- | Reserverade
FF80
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PWM-styrnin .
y g 8 * 8 hitars
PWM_8B8C st eller ] )
Control bus Datab Ferd i ] [Couner P 4 * 16 bitars raknare
u ata bus .. Channel 6
Hqgtalare, bus Cloc| Fergnatw) [Gom]| Fonns
glodlampa — - e s AR i
period Register element, [eecee o] [come] i : SRR
Channel 4 i ; i iy be g
etc... Farsd a0 ut| ml P ot i pm it S G g
dutycycle 1= 5 I e
Register ersrwsna) [com > mo e FEC NS R
II e S e
anty Channel 2 A - -: - % :
l Period and Duty] [ Counter oz : ! 1 : iy il
PWM == s g L R N R
Continous o G , F0 | I...E”:..5..,,!5....f;......5uﬁﬁ...mmuw5 s
. P an ounter - :
signal out ' AR s
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; PWM initiering _ 1011 _ 1
Programexempel St S0 sa0 Analog-/Digital- omvandling
Addwa Use e PWPOL EQU $A1
m—— o PWMPRCLK EQU $A3
= “;“,,:‘::;..tm o PWMPERO EQU $B4 analog-digital-omvandling
:; thm:::—;:ﬁwm;:l:_\ e PWMDTYO EQU $BC /\/ ADGC
R T T i PaN
o —— e = ; 18g niva startar period tid for att bli vid givna
CRE T e CLR  PWMPOL méitbar tidpunkter
300 VA Crannel 1 Conries Fegeer (PAICHTT] o . . sk Sampllng
3_0E Courter Aegs MICHTZ] AW - - ki | . . .
e e ; cia 4 ms periodtid ?ynsfif:f;l:g | gvare niva- matning = binar [>~
I[P o o e ) B MOVB  #$77,PWMPRCLK storhet (sensor) | ~|anpassning kvantisering T kodning ce
T PR T e "
505 VA Channe 1 Prariod Fiegisier (PAVIPERT] oW -
] = P ; pwm kanal O '\ / matvarde kodord f6r
Tt oo P o oty —|——Fow av analo
e e = MOVB  #SFF,PUMPERO analogt gnal matvardet
= : L ) varierande
! ; borja med 80% duty cycle.. spanning storhet i "
e —= MOVB  #$DO,PWMDTYO sk spanning spanning
e | analog s
S e o ; aktivera kanal 0 T~ signal /\/ — =
e = MOVB  #1,PWME
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Programexempel

LEU500 — Maskinorienterad programmering

; AD initiering

ATD_10B8C e ; Hogerjustera resultat, unipolart
- - ; kontinuerlig mode (scan), AD kanal 6
Bus Clock ATD clock - - Address Use Access
rescaler =
— ATD Control Regisser 0 (ATOCTLO)! B MOVB #$A6 ,ATDCTLS
Conversion - ATD Cortrol Register 1 (ATDCTLIR ]
Complete Interrpt Mode and Timing Control TG Coreral Fegivier 2 (ATOCTLE) B o
ATO Corerol Regiswer 3 (ATOCTLE) ] ; upplésning
—;-— Il Results ATD Ef‘.’ﬂ R}mm? (ATOCTLA) ﬁ:ﬂ MOVB #$E5 , ATDCTL4
VRHE Successive ATD Control Reghsowr 3 AW
VRL & » Approximation - ATD St Regisoer O (ATOSTATD) T
VDDA B Register (SAR) L R ; en konverteringssekvens
VSSA & T EEREEE I s MOVB #$40,ATDCTL3
ANT /| PADT = I
ANG | PADS & » . ATD Status Regivr 1 (TOSTATY)___ | 2 ; normal mode
* Unimplemented ’
::: : ::g: g M u |t| pIeX ATD Input Enatie Regisier (ATODIEN) T W MOVB #$CO,ATDCTL2
.. - Jrimpiemented
AN3 | PAD3 - D Ay 8 kanaler. P g PR R . . .
AN2 | PAD2 B Comparator ATO Rewit Regie ) (NTOOROA. ATOSROL] ] ; Vanta tills omvandling klar
AN11PAD @ e o | wAD:
ANO / PADO [ AT vt Regoier 3 (RTOORIA, ATO0RS0) = BRCLR ATDOSTATO, #$80 ,wAD
SO e i = ; Nar resultat fardigt, las
AT Rt Ragar 8 (STCORSHATGORA. R LDAB ATDODROL
ATD Result Register 7 (ATDORTH, ATDORTL) RN
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Seriekommunikation, SCI

Serial to
Central @y parallel [<— Receive Data: RxD
Processing conversion
Unit
Parallel to
[ scrial —> Transmit Data: TxD
conversion
Serial to
Central @] parallel Transceiver Transceiver
Processing conversion Receive Receive
Unit Transmit Transmit
Parallel to ><
[ ccrial
conversion —
Serial
transmission
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Séandare Mottagare
Data buss
Data buss
—|CS —OE
Control Data Register Control Data Register
—OE —E
T
| _ Clock
Clock Serial data Serial data [ o _
1 _ . out in ” Shift Register
Shift Register =D RxD

Sandare och mottagares klockor gar i samma takt
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RS232 — overforing av tecknet 'z’

LEU500 — Maskinorienterad programmering

tecknet ”z” representeras av bitmonstret 0111 1010” (ASCIlI-tecken).

+ 10 volt

0 volt

- 10 volt

idle
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0l[0]
o

1/(0][1][2](2][2] (0] [0]
/)

h'd

'z’ — minst signifikanta bit forst

idle




