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o UART ZHlH fIF[pR s
> EEEZ  (continued)
> BiEE=

o Capture, Compare, Timers
> gD
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dsPIC30F

~
control. 43 i K ¢$ o N N
N I > N
s ! RV S i J T~ /I
s |
P|2
P Output A/D ui|l |C
Product i |Flash | SRAM | EE | Timer | Input| Comp~s '\é‘:]i‘zlr 10-bit | Quad | A i
n KB Bytes | Bytes | 16-bit | Cap Std 500 Enc [R | (| (
dsPIC(R) DSC | owm | PWM | epe Sl N
YERY
) |)
dsPIC30F2010 | 28 | 12 512 | 1024 3 4 2 6 6ch | Yes |1 [1]1
dsPIC30F3010 | 28 | 24 | 1024 | 1024 5 4 2 6 6ch | Yes |1 |11
dsPIC30F4012 | 28 | 48 | 2048 | 1024 5 4 2 6 6ch | Yes [1|1]|1]| 1
dsPIC30F3011 | 40 | 24 | 1024 | 1024 5 4 4 6 9ch | Yes |2 1|1
dsPIC30F4011 | 40 | 48 | 2048 | 1024 5 4 4 6 9ch | Yes |2 |11 1
dsPIC30F5015 | 64 | 66 | 2048 | 1024 5 4 4 8 16ch | Yes |1 |21 1
dsPIC30F6010 | 80 | 144 | 8192 | 4096 5 8 8 8 16ch | Yes |2 |2|1]| 2
i—'»,—;E:;:
e E'Y) TJUEU\_PLEF o é‘\fﬁ
ezt —t B
o —T\Y) RER le- o {ﬁﬁuﬁ =S
Ct = P
o WL R ﬁ o I B
K EE:\ J_‘ FLET —r $\r e U
o S, Iy & FTRH ERN o ik
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MICROCHIP dsPIC30F
Comel. 3 B

S |1
P2
Product Output yAVAD) urie (@
. Flash | SRAM | EE | Timer | Input P : A Codec
Pins KB Bytes | Bytes | 16-bit | Capture Compare 12-bit R [(]|(C A Interface
dsPIC(R) DSC y y P Std PWM |100KsPS | — |1 (3| N
M (M
) D
dsPIC30F3014 axe) 24 2048 1024 3 2 2 13 ch 2 |11
dsPIC30F4013 40 48 2048 1024 5 4 4 13 ch 2 |1|1| 1 | AC97, I12S
dsPIC30F5011 64 66 4096 1024 5 8 8 16 ch 2 (2|1 2 | AC97, 12S
dsPIC30F6011 64 132 6144 2048 5 8 8 16 ch 2 |21 2
dsPIC30F6012 64 144 8192 | 4096 5 8 8 16 ch 2 (2|1 2 | AC97, 12S
dsPIC30F5013 80 66 4096 1024 5 8 8 16 ch 2 |2|1| 2 | AC97, 12S
dsPIC30F6013 80 132 6144 2048 5 8 8 16 ch 2 (2|11 2
dsPIC30F6014 80 144 8192 | 4096 5 8 8 16 ch 2 |2|1| 2 | AC97, 12S
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MICROCHIP dsPI C30F
~
IS0 JD\ : |‘ /
S|
Pl2
Product . Flash | SRAM | EE | Timer| 1nput | OUtPut X "l
dsPIC(R) DSC Pins KB Bytes | Bytes | 16-bit | Capture g?(;nlf\il;ﬁ A/D R [(]( Q
T [T|T
M[{M
AD)
dsPIC30F2011 18 12 1024 3 2 2 12-bit, 8 ch 1 1
dsPIC30F3012 18 24 2048 1024 3 2 2 12-bit, 8 ch 1 1
dsPIC30F2012 28 12 1024 3 2 2 12-bit, 10 ch 1 1
dsPIC30F3013 28 24 2048 1024 3 2 2 12-bit, 10 ch 2 1
I, ' I 7 \\ TG —0 el E |
o - ?i %JIEWEU o FHZFE M‘%
o G2 N 1S
_{:2 '_xt’ Y s = E[
o = JUIERH] o KB @i@\&mﬁ a‘h
_ Y [7Ees LRI
e EjJ{IEﬂE“ o Eﬁj}lﬁ%i\é‘h
j—= S Y .3 o [FEesTEE E Y
S @[ﬂ AR o EHIFVREEEN]
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MICROCHIP dsPIC yfﬁﬁ;l:gy (- )

Zontrol.

il

o dx AL=VHY Harvard 49— 2%
o AM X 24-bit FELE A SE R (PS)
> BE|pY dsPIC {7 ] Flash pogd
o 64 KB ﬁ,fj ?\L_’ilkﬁi—pﬁfjg}%:‘[ ] (DS)
- SV E IV T G 8/ 16-bit
o FTE[fiv dsPIC Hi[* [ =7 7 EEPROM
o 16 X 16-bit W ?’Tﬁ' FE,'
o HIHIEIH A 5
> MCU = DSP S5k {193 ]

© 2005 Microchip Technology Incorporated dsPIC Assembly & Peripheral 10



MICROCHIP dsPIC ZitEfEsI( = )

Zontrol.

o P [ [ER] hE
> PR H e
> Modulo E5H5i=¢ (Circular buffers)
> Bit Reversed EHg=
@) DSP {@E}TWU‘
> 17-bit x 17-bit Fi— ¥h l‘?iﬁjﬁ_\ijﬁffﬁ{l Elfeyk B
> [z 40-bit K755 (ACC)
> 40-stage Barrel Shifter with +/-16-bit shift range
» Rounding and Saturation Logic
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MICROCHIP dsPIC szlfl;[\%;[ﬁ;

Zontrol.

o S4 {fitpl 1| &l

> 7 [ F“ﬁ' i | ?:{%%BH['Z”’R:L@

> 8 [HZEEE S LHl'ﬁ%(Non Maskable Traps)
. r%rwww PRI

> LR R

> TSI e Vo=
> PRI R
> [T EE LS SLEEP A1 IDLE 5=+
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MicrRoCHIP dsPIC30F CPU FL# 5

Zontrol.

o 5255 CPU = BIfUHIT -

> DSP & £ 15 =
v 17x17-bit FER7== | By pomfifse
v 40-bit FHFFE A B
v 40-bit J[EEy [ TRk gy
v fRs 40-bit RAFH G
v VBRI | T
/W%i“ﬁﬁﬁ%ﬁ%u

*SEIAZE MCU 7|
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MICROCHIP
Zontrol.

dsPIC30F CPU 31452 55(= )

o iy MCU fu= Rl HI

> 16-bit

ALU

- T e
> W 7 I

]

> ht b & 08

o Tl %‘i@ﬁ—ﬁ“ﬁﬁﬂf}@% DO &~ REPEAT
TS 4
g FI H
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MICROCHIP

dsPIC CPU i

X Address Bus

W

Interm pt
Controller

Adddrass Latch

FProgram Marmory
(1944 Kbyltas)

Diata EEFROM
(4 Kbytas)

Diata Latzh

&

PSW 8 Tabla
Data Accass
Control Block

Diata Latch

AR

# Data
Hana

Fcu T eca Pl |

Program Courtar

Lo
Zortrol
Logic

4 Kbytes)

(4 Kbytes)

Addraess
Latch

Address
Latzh

13 Wis

11

X RAGGL
1G X owasu

< | Y Addmess Bus

B

ROM Latch

—

E&

L%

R LK

Cortrol Signals
to Warious Blocks

Instruction

Decoda &

Control

THEey

L

Litaral Data

15

16 x 16
W' Rag Amay

@15 @m

DSCACLKI

=K—~

G anamtion

Timing

MICLR

o

oo, Wes
AVDD, Avss

ot

FPowar-up
Timear

Dscillator
Start-up Timar

DsP
Engina

POR/BOR
Resat

Whatchdog
Timer

Loww Woltage

Datact

M, AG-biteL
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HRAIEE )

MICROCHIP
~
control. ._. WREG i
/~  Wwo [ Oy e B8 JEHJJ- P
w1 e F1H R IR
W2
W3
w4 —~
B,
W B s vag - DSP
:ETFT@%T':,%EI
e =pIE1 T AR
(:LE}FIJ J_GWH il ¥ EN) < w; = j
b DSP ¥4 4
b Y 1;", W9 7H i
(_‘-Il[—lt- #F‘l v W10 > FIH‘%]S
w11 )
w12 MAC Prefetch Offset
W13 MAC Write Back Ptr.
w14 Frame Pointer FP
k W15 Stack Pointer |0| SP
15 0]
Stack Pointer Limit SPLIM
DSP E#Hid  ACCA [ accau ACCAH ACCAL
(40-bit) ACCB | AccBuU ACCBH ACCBL
39 32 31 16 15 0
< SRH > < SRL —M8M8M8M8M
OA |OB | SA | SB [0AB|SAB| DA DCIIPL2IPL1IPLO RA[ N [ov|sz]| c }[J\FLL?EFDT?%%S
DSP Status MCU Status
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MICROCHIP F’E'Iﬁ"%@fﬁ (=)

control.
22 15 0
| | o] Program Counter (23-bit)
7 0
TBLPAG TABLE Data Read Page Address
7 0
PSVPAG PSV Page Address
13 0
RCOUNT REPEAT Loop Counter
13 0
DCOUNT DO Loop Counter A
22 0
DOSTART 0 DO Loop Start Address > DO SERS
22 0
DOEND 0| DO Loop End Address )
15 0
US |EDT |DL2 |DL1 | DLO|SATA|SATB|SATDWACCSAT| IPL3| PSV|RND| IF Core Control Register
(CORCON)
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M =, v Lk
TP ASEREIR

o Linear Program Space (PS)
>3 L ] E4M X 24-bit FuAE = ]
> $r VIR £ 24-bit

o FHFUSFEE 1T, 23-hit (PC<22:0>)

> PC EIEW"JD: , [ JHRIY T — f[ﬁ{fﬁ_ﬁ
v PC<0> 7<3mi k% ‘0" - ﬁE@ﬁjﬂrﬁgf@Ej{/
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=1, ~I+EIEl "\ 24
MICROCHIP = |;|=‘3I Iﬁ'\_j—[ﬁ" FEIJJJ 'I"J (dSP|C3OF6014)
control. «—— 24-bit wide —4

Reset Vector- 0x000000

GOTO instruction 0x000002

) i@ Bl Interrupt 0x000004

(0x000004 - 0X00007E) Vector Table G

W
Y R | 0x000084
Alternate
(0x000084 - 0XxO000FE) { Vector Table
S ik s sogp Ox0000FE
P - 0x100 po ik S et — 0000100
. User Flash
PRV T I < Program Memory
(~48K Instructions)
(0x000100 - OX017FFE)
Ox017FFE
~ - 0x018000
[5\[?-7[
Data EEPROM Ox7FFO00
(4 K Bytes)
— (0)¢3{0[0]0]0]0]
Configuration
Configuration Memory << Memory Space

- OXFFFFFE

© 2005 Microchip Technology Incorporated
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MICROCHIP A= Fz;?ll[%\ E I

Zontrol.

o =TTV FIEVAET “ RS
> — AERLZE 23-bit A mLEIr%
v (PC, 24-bit wide Access)
> fﬁﬁ} Table ‘?;Elﬁﬁ%’, ?J (TBLRD and TBLWT)
v ' I'J25] Byte Y Word 8 [=

> FRH A CEEPIEE] 32 KB RAM [0 {eftit
(Program Space Visibility, PSV)

v p'I'J25) Byte my Word 5=
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MICROCHIP PSV EhEi=t — g fy]

control.
Data Space Program Space
(0)'(0[0]0]0] : (0)'(0[0]00]0]0)
I
|
|
(EA<15>=0) A :
PSVPAG |
0x20 |
Pt |
gata A w17 OX7FFE A8 |
pace 0x8000 | __Ir ________ OXOFFFFE
058000 /V 23 115 0 0x100000
EA<15>=1 A =\>+ |
15 23 '
and PSV =1 :
Aeliliees : Ox10FFFE
— Concatenation [
EA = 0x9000 |
|
|
I
SEE 1T B OXFFFE '
v
|=VANE=N0)'¢[0]0]0] 001 0000 0000 0000 Data Read
PSVPAG = 0x20 00100000
Hy b 4 0010000 0000 0000 0000 ==——————- (10 000
© 2005 Microchip Technology Incorporated dsPIC Assembly & Peripheral 21



MICROCHIP Data Memory it (— )

Zontrol.

o Linear Data Memory
> :EELFJ,'JF[ M4 64 KB Data Memory
> Data memory (i’ I'[ ] Byte ="t
> Bl 7 I dsPIC v RAM LI 16-bit (word E[fiE) Kb =
> 4\%{71 £ J?F' 11 c 5] Byte Hy Word 72 4 TVEY

o TRV ZELN ] little-endian fi J’Fﬁ‘,
> LSB S| v i B8 [ 5 1k ()
> MISB EW‘?H l—fﬁ?{FHEl ,_HT[#( E‘\T)
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MICROCHIP Data Memory g (Z)

Zontrol.

o AeLE bR 2 ] pramp S
> p ] ELET— {f# X Space {2t
4 WI\/ICU{&E JfF Jk’ DSPskH JfF, g (Ja=

MACH 7)) /1[)
> 9 i 75 H[PRE 2R (X & Y) 5 “HIF['F' | DSP Y
MAC fﬁ[ _'&J

’J":—j*‘{*frj LB E%)"TX YFW“[E{E}
B[Rl =2V > T T’Eﬁ' =
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MICROCHIP dsPIC30F6014 = v&] it

control. :
MS Byte < 16-bits , LSByte
Address Address
MSB LSB
0x0001 : 0x0000 \ N
|
SFF\% gB { SFR $pace
pace OXO7FF | OXO7FE
~— 0x0801 0x0800
Near Data Memory
X Data Ram (X) 8 KB
Ox17FF Ox17FE
8 KB < oxs01 0x1800
SRAM Space
Y Data Ram (Y) OXLFFE —
Addressable Indirectly
N\~ Ox27FF Ox27FE or
with File Register ‘MOV’
Instruction
/~ 0x8001 0x8000
. X Data
Opitamelly Espee Unimplemcpnted X)
into -< 3
Program Memory
X, Y pufb i R [H]EYd S PIC [~
\~ OxFFFF OXFFFE J F JLLF"[ T Wiyl

CLs e i R

© 2005 Microchip Technology Incorporated dsPIC Assembly & Peripheral 24



MICROCHIP Data Memory % (=)

Zontrol.

Indirect EA from W8,W9 Indirect EA from W10, W11

FI7— (W] pofigsipe o i
L5 E | Y X-space #Eg!

This section of DS is
designated as Y-
space for DSP
instructions

X Space

(#1%) DSP #4;

{021 MCU #54)
Note: 32 KB Section of PS mapped to DS using PSV, is actually mapped to X-DS

dsPIC Assembly & Peripheral 25
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MICROCHIP 37[;3[ %l»[ﬁllgg
control. gég E’ r[ "1[‘ il[_ﬂ f_} :% ’}?"“,_,—L

c>DSmmmmma?%M¥ﬁg@Fﬁfﬂ*
> j[rﬁ@ DS a»?vﬁ e 2 00 GEEHERC PR BRI 12 O ]

v MOV 0x1001, W2 ; F{%&ﬁ@ﬁ b o eR] i o i
7 SFRLEIRY - 7 I FAR (5~ T NOP)

> TR TR BV SRR L [ E BT - IO PSV ALHEII
FHAPSVIFfi )
v MOV OxFEFE, W ;%’%%?VPSVE@E‘HS[ e Sl O
v {Note: MOV OxFEFE, W2 ﬂﬁfﬁfﬁl@?ﬁ—ﬁ ’ ['EPSV?Q‘Z%LTF%JEI’?J‘J%?{}
o FRARLSE I (E T A NOP)
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MICROCHIP
Zontrol.
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Addressing Modes
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MICROCHIP dsPIC30F ﬁl—_/[: —L{]_ 1=\

Zontrol.

B
> F_F“H—* S L | @| }% ik
v LT 8 KB I[F| » <. £, “Near”
E}TT; @I }%‘ —LﬁP
ﬁm ok (158
> 2 A

> Register indirect with register or literal offset
(supported in some Instructions)

© 2005 Microchip Technology Incorporated dsPIC Assembly & Peripheral
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Zontrol.

MICROCHIP F l T %E' —L{l —\:

F; F(Juﬁ;‘rrﬂll—
H”ﬁq. ﬁTﬁt + 8 Kb I'][’] (Near DM)

byte H J;LEEFT T

ADD{.b} 0x900 ,{WREG}

Ay J [

ne e A IBUH Hll4F SRl WREG
MCU H J'ﬁa'[ ] Elﬂﬁ vg:;,f;!@m * WREG >
PRI [V R

> {} HIES option ZEF]
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MICROCHIP %EI_U]_ S
Control. F\A @)Y/ f’l - |E[ o —L.'Il[—7f- i =

A [P EE 64KB YRRt -
Word pViEgEr  ——

MOV ©~ 0x2500 , W7

U J
MOV 'ﬁg'[—ﬁ H [’ﬁ;l I'FJ_' T W Fltf%é

mebd - T HN RSN byte pY MOV;EIE,T@F' | WREG fN T B BRI FLE 8KD P
i@u T;‘JV64KBEJEE[BLIFIE | j%‘ﬂ‘—*fﬁ:“ﬁ‘/l ordpufsi =" & v H =L (Y4 fﬂ)
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MICROCHIP ¥ N B -
SR Near ata =% ?‘J \Welge)

SRR
A

111} 0x4001 | 0x0000
ADD 0x1000 0x0000 | 0x0002

B BT Y (i : i

W BT LRI i N i

TEE A 0x1000
WO WREG [’ 0x1002

w1 oo OMEEET

Wl 00000
. 0x4001 + O0x3001 = 0x7002 0x0000 | Ox1FFE
Well 0.<0000 4 0x2000
X

> riﬁgf_}gg'{{ll-ﬁ il IEARE S E,FI [ <
WAl 00000 F,r+%§' =" MOV #5451 ) 9t OO0 OXFFFC

W15 NOVZZEON | 00000 [NOUEEE=
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MICROCHIP |E %EI_UI I -
Suitiiuld Near Data T IV ?‘J (Word)
IR
111} 0x0000
ADD 0x1000, WREG 0x0000 | 00002

-

TRV

\
\
A
]
]
]
]
|
[ |
]
]
]
]
I

W R 281 #[pl WREG 0x3001 | 0x1000
WO [[Ox7002 | 0X0000 | 0x1002

W1 [ROX0EE0 \ SMEEET

W2 NEYIHE ’
v 0x4001 + 0x3001 = 0x7002 OX1FFE
0x2000

> riifr%ﬁiwi el SESS e Er“ JE Y
W14 MY W BT s - R MOV 4571/ OYOPOONE OxFFFC
W15 ROX@ZRS ) 00000 KOS
© 2005 Microchip Technology Incorporated dsPIC Assembly & Peripheral 32



= B
MICROCHIP EFEHA"’ AN O
Sontrol Near Data =2V ”?"J (Byte)
IR

]
ADD.B 0x1001

0x4001 0x0000
(0)(0]0]0]0) 0)40]0[0)%

- WETERPYME
B s BN 7 =

Wi &7l F[pURLAR Y — 0x1000
WO | 0x4001 Wi=E r‘J”’Fﬁ’l’Tﬁ 0x1002
Wil 00000 omREEr L
W2 ROy4e000 =

Ox01 + Ox30 = 0x31 X
Wel 00000
e 0x2000

> riﬁgf_}gg'{{ll-ﬁ U ﬁﬁlﬂ Ay <
W BT & > 2" MOV 41 ) OYOUD0IN OXFFFC

W14 Rexe000)
W15 poxez0ly

00000 OxXFFFE
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MICROCHIP F %EI _Ul dc
Control. 64KB %’“ B IV e ”fi‘J (Word)

PRI
0x0000 (0)°(00]0]0]
0x0000 (0)'40[0]0)~

]
MOV W3, 0x2000

a
\
\
\
\
\
\
\
\
\
\

A

W R A Tl 0x0000 | 0x1000
WO | 0x0000 0x0000 | 0x1002

X
W1 | 0x0000 Y ElsE -----------
200000 HI57] W3 ] 0x2000 f97 i~ 0x0000 | OX1FFE
W3 | OXABCD > (0)'¢200]0)
wid 0x0000 | fElE'Jl = ]Il "] EIF' F’ o W F["rfr B Ox0000 OxXFFFC
s 00 453 oaKBF Y 0x0000 | OXFFFE

X
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MICROCHIP F [ = iy EHHAS R F"J Hfl#
control. EV‘ '?J

> EEF(H RAM puiglis “.nbss” & “.ndata”  HY A FE!
.section .nbss

MYBUF:. .space 2 , Word Format
.section .ndata

MYFLAG: .byte OxOA

MOV  0x900, WREG ;Copy data at 0x900 to WO
MOV WREG, MYBUF ;Copy WO to MYBUF

© 2005 Microchip Technology Incorporated dsPIC Assembly & Peripheral 35



MICROCHIP 4 By B E[ 3 gt

control.
v = ﬁVEI wll‘_J[ F}Tri} |
> WO - W15 (0x0000 - Ox001F = RAM pikHH)
> 3 2 byte #[I word [ ["eﬁ?;&‘
o B[] :
> IOR W2, W4, \W6
v J¥ W2 FI WA fif OR S ETE 5 7 * W6

© 2005 Microchip Technology Incorporated dsPIC Assembly & Peripheral
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MICROCHIP
Zontrol.

W72 B

W13
W14
W15

© 2005 Microchip Technology Incorporated

(0)(0]0]0]0)

0x1009

0x0003

(0)(0]0]0]0)

%E'Eq%’”—t{ll—_
Wor =3V

]
ADD W1, W2, W13

Iy 3B

0x1009 + 0x03 = 0x100C
l

dsPIC Assembly & Peripheral

BURE

0x0000

0x1009

0x0000

0x0000

(0)(0]0]0]0)

0x0000

0x0000

0)(0]0]0]0)

0x0000
0)40]0[0)%

0x1000
0x1002

0)/¢240]0]0)
0x2002

OxFFFC
OXFFFE
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MICROCHIP

Zontrol.

W72 B

WO
W1
W2
W3

W15

© 2005 Microchip Technology Incorporated

A RS
Byte =3V

(0)(0]0]0]0)

i

0x1009

ADD .b W1, W2, W13

0x0003

(0)(0]0]0]0)

———q---

W13 FOx00ies 1

W14

0x0000

113 SETET

0x09 + O0x03 = 0x0C
l

0x2400

dsPIC Assembly & Peripheral

BURE

0x0000

0x1009

0x0000

0x0000

(0)(0]0]0]0)

0x0000

0)(0]0]0]0)

0x0000
0)40]0[0)%

0x1000
0x1002

0)/¢240]0]0)
0x2002

OXFFFC
OXFFFE
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MICROCHIP Pl BT B %ﬁ g =

Zontrol.

o fﬁl EI W ?’Tﬁr S ’?[ I'L':’E'\F*[FI Jﬁ; 'j‘

>

>

>

>

WSS B SR AR I o B Rl e 35 2 4 (EA)
[T T 3 64KB PR 2
=7 j:g#\ﬁ[ﬁ 2
v | IEAVE] byte puET A
1 A T I 2 e 1497 (Source and
Destination )
U R TR

FEIR cu & Wn B (7] [WO]

© 2005 Microchip Technology Incorporated dsPIC Assembly & Peripheral
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MICROCHIP F % 'Ul 1= -

Zontrol. WO rd IE[ NESY
W 7% B e SRR
|71
WO | 0x0000 il 0x0000 | 0x0000
W1 | 0x1000 ADD [W1], W2, [W3] 0x1000 | 0x0002
W2 | 0x8000 e ;
W3 | 0x2000 : ’
, . OX7FFF | 0x1000
e : 0x0000 | 0x1002
: ' I SEET
W14 | 0x0000 e
W15/ 0x2400 0x8000 + Ox7FFF = OXFFFF —— 0x2000

0x0000 0x2002

(0)'q0]0]0]0) OXFFFC
(0)'0]0]0]0) OxFFFE
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MICROCHIP F T BN [ % 'Ul IV -

Zontrol. B yt e IE[ i I
W BT " SR
WO | 0x0000 e 0x0000 | 0x0000
W1 | 0x1000 ADD .b [W1], W2, [W3] 0x1000 | 0x0002
W2 | 0x1005 R ;
W3 | 0x2000 : ’
. - OXAAO3 | 0x1000
b 0x0000 | 0x1002
W14 [ 0x0000 PR
W15 | 0x2400 0x05 + 0x03 = 0x08 Ox2000

OXOOOO 0x2002

(0)'q0]0]0]0) OXFFFC
(0)'0]0]0]0) OxFFFE
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MICROCHIP

e B TS —

Control F Post I\/Iodlflcatlon

- }‘F[ £ R F [ 1 E F - (EA) ORI

EA = W 7% S 2 i 4
S PR C RIS S (I WL
K W2--]

Post-modifies {2 clﬁm@

v 1 byte iz }‘F[@ﬁ%{t"{l [ V& 1

j
/T word BTN o SR ] i 2
Post-modification i I' {2 [ s Y5 ko “f lfﬁ”?rl’f‘
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N ETE T b+ - Post-Modification:

Zontrol. Word Access
w g o SR
wo [ox0000 i 0x0000 | 0x0000
Wi ADD [W1++], W2, [W3--] 0x0002
W2 | 0x8000 R
Ox7FFF | 0x1000
0x0000 | 0x1002
S /
W14 | 0x0000 D
W15 | 0x2400 0x2000

0x0000 | 0x2002

Pointer Post-Modification I i
W1 = W1 + 2 = 0x1000 + 2 = 0x1002 0x0000 | OXEFEC
W3 = W3 - 2 = 0x2000 - 2 = Ox1FFE 0x0000 | OXFFFE
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T b+ i Post-Modification:

Sontrol. Byte Access
W -‘Eléﬂ,*“:« il ?*HEE'I‘ELFE
]
WO | 0x0000 (0)'{0]0]0]0) (0)'0]0]0]0)

ADD.b [W1++], W2, [W3--]

W2 | 0x8000 ]

0)40]0[0)%

1

]

]

]

]

|

[ |

]

]

]

]
I

Ox7FFF | 0x1000
0x0000 0x1002

IR EE] : ]
W14 | 0x0000
W15| 0x2400 0x00 + OxXFF = OxFF Ox2000
OxOOOO (0)'¢240]0)
Pointer Post-Modification I i
W1 = W1 + 1 = 0x1000 + 1 = 0x1001 0x0000 | OXFFFC
W3 = W3 - 1 = 0x2000 - 1 = OX1FFF 0x0000 | OXFFFE
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MICROCHIP F l % _Ul d“
Sontrol. Pre modlflcatlon

ifF, e (5 RIPTE e g (EA) T3 7 e R frong )
EA Wn ?’Tﬁg F’ﬁﬁ*ﬂpm“ Hl-

> h“mﬂfi el C?'J'ﬁ‘ip’@ﬁ@[ s =05 [
[++W1] & ‘[--W2]

> Pre-modifies{= clﬁF[T‘ﬁ
v 1t byte iV ?ﬁ@ﬁﬁp/?ﬁ& 1
v T word FL N JEAE 1 36 2

> Pre-modification f* I'| ffli ™ s YR 5 'fﬁ”?’f‘ e
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N ETE T b4 i Pre-Modification:

Zontrol. Word Access

W 7% 35 - Balie
wWo | 0x0000 iR 0x0000 | 0x0000
Wi ADD [++W1], W2, [--W3] 0x0002

W2 | 0x8000 ]

Ox7FFF | 0x1000

(0)¢10]0]0) 0x1002
j- [2__’[: N EI/

Ox1FFE
(0)(0]0]0]0) 0)¢240[0[0)

W14 | 0x0000
W15| 0x2400

Pointer Pre-Modification fromm e i
W1 = W1 + 2 = 0x1000 + 2 = 0x1002 0x0000 | OXFFEC
W3 = W3 - 2 = 0x2000 - 2 = Ox1FFE 0x0000 | OXFFFE
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MICROCHIP
Zontrol.

(ED, EDAC, LAC, MAC, MOV, MOV AC MPY, M

el L

%?37E; > El

Y.N MSC, PUSH, POP, SAC, SAC.R)

—‘C

o E|FFHH Jf’?[@ S e W Fl T B A
Hf\lﬁﬁ H [ | el SEmgh

:-_.-AA’
173 E[T
9

W4 = 0x2000
W5 = 0x0004
W6 = 0x1000
[0x2004]
[0x1000]
[0x1002]

= 0X000A
= OXEEEE
= OXFFFF

© 2005 Microchip Technology Incorporated

a“'; 4
Yo, [W4+W

dsPIC Assembly & Peripheral

E] [W6++]

r—a >,

TN

W4 = 0x2000

W5 = 0x0004

W6 =

[0x2004] = OX000A
[0x1000] =
[0x1002] = OXFFFF
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MICROCHIP EFDT T BN [ EaHE= —

— A =
Control. EFDT I %g l"l-',,]%ﬁi
B, BYI % = =
WO | 0x0000 J 0x0000 | 0x0000
w1 | 0x12000 MOV [W1+W2], [W3++] I
W2 | 0x0020 : ’
Ox7FFF | 0x1000
W3 POxz002
54 0x1020

W14 | 0x0000 ~ ”E [Eigheiis A = 0x1000 + 0x20
HIZI 41-0x 1020 I | ] 31 0x 2000
W15| 0x2400 0x2000
0x2002
Pointer Post-Modification Fomsossooos i
W1, W2 Unaffected 0x0000 | OXFFFC

(0)0]0]0]0) OxFFFE

W3 = W3 + 2 = 0x2000 + 2 = 0x2002
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MICROCHIP EI%_U]—P EFU? hlﬂ 2l

Zontrol. E\ ?L IEI Fl %“" '§7J

o TR R W T
> 3%& PR T EwHF TR ]

MOV #MyTableBaseAdr, WO
MOV  #Offset, W1

NextWordRead: MOV [WO + W1], W2 ;Process contents of W2
ADD W1, #Offset, W1
BRA NextWordRead
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MICROCHIP N IR =

Zontrol.

o TR I B T
> fp e AlEes 21 E) 16 bits > = el VIS
FUSNREERy
< MOV 341 I') £ | 16-bit o=t 2l [Efpjar -
: Jﬁfﬁ,—. J fI'J3% < Byte fiy Word Rep g
> o SRR | R S
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MICROCHIP
Zontrol.

W72 B

WO
W1
W2
W3

W13
W14
W15

© 2005 Microchip Technology Incorporated

(0)(0]0]0]0)

0x1000

0x0003

(0)(0]0]0]0)

OXAIOAE
(0)'0]0]0]0)

2 JRENREE — Emy]

it
ADD W1, #30, W13

ij;kiagj

0x1000 + Ox1E = Ox101E
l

0x2400

dsPIC Assembly & Peripheral

PRI
0x0000 0x0000
0x1000 0x0002

(0)(0]0]0]0) 0x1000
(0)'q0]0]0]0) 0x1002
(0)(0]0]0]0) (0)'9240]0]0)
(0)¢0]0]0]0) ) ¢240]0
(0)'0]0]0]0) OxFFFC
(0)(0]0]0]0) OxXFFFE
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MICROCHIP Pl Elriy %E' II:EEI glif T&i]_ ' =t
control. II— ll"] ‘5 IEJ

o +{1Lﬁ me@t F[H&g SF IS B A
> PR S MOV 44

> o Al|Ee v EaE

B el (- [-1024, 1022] - ff ™ 55 MOV 4
A word

v [IBIRE MOV 54747 Byte Fiz9 o fij * i
BIE-[-512, 511]

'EEU"'

v

—.

© 2005 Microchip Technology Incorporated dsPIC Assembly & Peripheral



S £
e el
o MCU #; ﬁﬁ%
v Move Instructions
v Math and Logic Instructions
v Bit Instructions
v Stack Control Instructions
v Program Flow Control Instructions
v CPU Control Instructions
o DSP ?F[ ?J%
v~ MAC class of Instructions

v Other Accumulator-based instructions
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MicROCHIP fﬁ, B MOV EF’F‘I_IAJ Hr

control.
o MOV iEF Jélxj%FFrEJFu—erﬁ;D
S }r ¥V 64 KB [ [a!
o — k- “Jlﬂi/[m

r'

MOV #0x1234,W4 ,Immediate operand
MOV W4 ,\W6 ;Register-direct
MOV 0x1F00,W4 File-register
MOV [WA4++],[--W6] .Indirect with pre
‘and post-modifier
MOV [W4+W5],[WS8] Indirect with
‘Register Offset
MOV [WA4+#768],[W8] .Indirect with

;Literal offset
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MICROCHIP Math ﬂl Logic 3HF"_'&J i

Zontrol.

® ETHJA /ﬁl}%{ﬁp

- presp G

o I EJ[JEI@?J]‘% [

o [ g

E 3] :
MUL.SU W2, #31, W2 W3:W2 =W2 * 31
AND W3, [W5++], [W8++]
ADD 0x900, WREG ‘W0 = WO+ Mem[0x900]
IOR #0x3FF, W4 ‘W4 = W4 OR 0x03FF
REPEAT #17 ;WO = Quot.(W8/W2)

DIV.S W8, W2 ;W1 = Remder.(W8/W2)
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MICROCHIP b o ‘l:—aE*F’l _'&J

Zontrol.

o P I
o “‘fEI\TrI I [ (3 or 4-bit = J[[Er 5 ()
B bt

o j[%‘ —L;[[—

g0 1]
BSET.b INTCON1H, #7 ;Sets bit 15 of INTCONL1
BTG INTCON1, #15 ,Toggle bit 15 of INTCON1
BCLR [W1++], #9 ,Clears bit 9 of [W1]
BSET WO, #4 ;Sets bit 4 of WO
BTSS WO, #4 , Test bit 4 of WO and skip

‘next instruction If set
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MICROCHIP
Zontrol.

et [ BPR 15

® ?IT“; El /@l%i“:ilp

o St =

o IS o

fify]
CP 0x1200

CP W2, #13
CPSGT W3, W5

© 2005 Microchip Technology Incorporated

;Compare Mem[0x1200]
‘with WO

;Compare W2 with 13

It W3>W5 skip next
instruction
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Zontrol.

MICROCHIP @?Yﬁbiﬂﬂﬁ‘]“

> fmps

e~ =
g1 7] :
REPEAT W2 ‘Repeat next instruction
W +1 times
DO #15, Labell ‘Execute a block of code
16 times
BRA W3 ‘PC<15:0> = W3, PC<23:16> = 0x00
GOTO W1 'PC<15:0> = W1, PC<23:16> = 0x00
CALL W5 'PC<15:0> = W5, PC<23:16> = 0x00
RCALL Subroutinel :1-word instruction
GOTO Label2 :2-word instruction
CALL Subroutine2 :2-word instruction
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MICROCHIP
Zontrol.

%] dsPIC ASM30 & LINK30

© 2005 Microchip Technology Incorporated dsPIC Assembly & Peripheral
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MICROCHIP
Zontrol.

Assembly Source

St =f —r
M= 5 —

el

C Source Files

C30 C Compiler

Compiler
Driver
Program

Source Files (*.s)

Files (*.s)

ASM30 Assembler

Archiver (Librarian)  [*

'

Object File Libraries

COFF Object Files
(*.0)

(*.a)

© 2005 Microchip Technology Incorporated

!

LINK30 Linker

MPLAB IDE
Debug Tool

A 4

Executable COFF file
(*.cof)

Command Line

A 4

Simulator

dsPIC Assembly & Peripheral
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MICROCHIP ASMBO i FI\JFFEEFF" _'AJ
Zontrol. lude

o .Include
> 7" source file Z[[FCH
> a AI‘FFQI £ ﬁf?f 3fjp 2 glggp #F’[*Up SRL *inc PR
J3~J=F'J . ”pjmgﬁrﬁ{’ MPASM [i45 Fﬂi < >
v .Include “c:\pic30_tools\support\inc\p30f6014.inc*
> AR R
C RAF 0 » $FZIIORL ~ O A=
v #include “p30f6014.h"

v

1
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MICROCHIP ASM30 HirH [FYnk '&J
control. .eq u U |V S t
o “[—éﬂsaﬁ E‘ﬁ”

0 - Jﬂ?c‘ﬁ i ’TEBF' & ';;fﬁ’%r
o *‘Fﬁ: [;&"ﬁ \Y/ ASM E F’?‘T fr[
> dsPIC E,F,ii
v .equ CORCONH, 0x45
> MPASM i
v CORCONH equ 0x45
o .equ Fﬁﬁl?ii’%“g\'fﬁ%‘“  I'] = REEAY 7
o -equiv "B BT ER AT gl?&i”ﬂﬁﬁ
o .set [fI™] F== .equ — 7[\372

© 2005 Microchip Technology Incorporated dsPIC Assembly & Peripheral
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ASM30 HirH [
MICROCHIP ESTEIT
Zontrol. lﬁﬁ‘r&b IZP[ | .Sectl OF N J

o HrjlEh ‘E’ﬁﬁ;ﬁ'f[%ﬁé . .section name [,"Flags]
o FELA PUBE £ S A
> .bss : %F%%_'Fiﬁﬁ [l 8% (Uninitialized Data)
> .data : Lf%{gﬁizﬁ [Hp~AREy i dae (Initialized Data)
> .text : A=V {5 156 (Executable Code)
o Efl* “Flags” [|[E| Z &
> “b” : bss section (F+ ?F}{L_’T'?Jt[f, [HAEE)
> “n” . Section is not load
> “d” : Data section (#F'ﬁ{u_’@izﬁ k=)
> “I" . Read-Only data section (PSV window)
> “X" . Execttable section
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MICROCHIP ASM30 1 f:EIJ Elfﬂﬁ_'ifﬁ _'&J
Control Al £ .section

| PTG R P

iy

®
'ﬂ"—rr{.nT/
T_". l&*—_.— .
ﬁiji

J:
[ %'{J: F I:I
Section Name Default Flag
bss “b”
.data “d”
lext X"
]

A3l Varl & Var2 fUigr R bss (uninitialized data) AV
.section .bss, "b"

Varl: .space4 ; ¥ 4 & bytes
Var2: .spacel ; WJF},’ 1 [+ byte
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MICROCHIP e R E_lﬂ B £7E

Zontrol.

dsPIC
Section Name

Description Section Flag

.data General Memory (initial values) “d”
.ndata Near Memory (initial values) “d”
Xdata X Memory (initial values) “d”
.ydata Y Memory (initial values) “d”
.dconst Constants in the General Memory “d”
.ndconst Constants in the Near Memory “ad”
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MicRocHIP ?}ﬁ[%l'ﬁy 15 55 e

Zontrol.

Program Space Visibility
Data Window (PSV)

General

EVE 7 ol H o A

.bss, .nbss, .xbss, .ybss:
S R AR, G

.data, .ndata, .xdata, .ydata:
£ FI LB B

Near

(SFR) 77 BT
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MICROCHIP |§| H| bss ESAaget i

Zontrol.

o nr,ii .section .bss, “b”

o £ | 'H pUE TR 2% Uninitialized Data > =7 i
EzAM (0x800) || Ffits i fi-«

o FFHHNEEERLT *.0ld E['F[ » FHILINK304 #E

.section .bss, "b"

.align 2
A _Var: .space 4 [ﬁf‘f 4 {5 Bytes V@G A_Var
B_Var: .space 20 ; (¥ 20 {f# Bytes Vi@ B_Var
C_Var: .space 4 'Jﬁ_"?}" 4 fi# Bytes fi J@E\T“F, C Var
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By BN oL =
MICROCHIP F ¥ N _Eil[_ﬁi,
Zontrol. n b SS

o FLA Fit FR EHHEY > 22 WREG fudflZ = &
-HFTIT@'%E'EIQEJE%"F,\' I | 8K Bytes -
> MOV 0x1000,WREG
> ADD.B Ox17FF,WREG

1010 0100 OBD f ffff ffff ffff

e ~
B: Byte & £l

D: JE ET i [+ adi i Z]| File Reg. 7Y WREG — |
f: ?’T“f;ﬁ Fgﬁlj[%%—_’ij}ﬁ@ Kk fi-»> 41 13 bit (8K Bytes)
o {H7 FR A 22 Wi ffi 5[ > 4077 B
T ESTE | 32K Words -
> MOV O0xFOOO,WO0 ;i=7Hi:— ERIfl E'JﬁEﬁE‘@*’i’ bt word E[fix
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MICROCHIP gyt HE+ Near Data
Zontrol. n b SS

o nr,ii .section .nbss, “b”

|~ e e[ £ Uninitialized Data > =7 v
|5A|v| (0X800 — OX1FFF) fisih il -

g {37
Uninitialized variables in near data memory
.section .nbss, "b"
.align 2
A Var: .space 4 Jf' # 4 {i# Bytes pUadgiag A_Var
B_Var: .space 20 [%f‘,’ 20 [ Bytes pui@gens B_Var
C_Var: .space 4 # 4 [ Bytes j J@Eﬂf'ﬁ C_Var
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MICROCHIP g §§’§' i d=— X Space
Zontrol. X b SS

o %Fﬁ' .section .xbss, “b”

o éﬁf szﬂ‘i‘%ﬂ £ Uninitialized Data » > VFF'[ -+ X Data
\Y p o

o fiEir— K DSP EIETHVE YA (DSP?F[ .IJFVJH[J% IV X W

Y Space ) » [FJ[1 : A/ID ZVise - FIR ~ [IR FH g
Modulo Buffer ...
a7

.equ SAMPLES, 64 ; A/ID number of samples
:Uninitialized variables in X-space in data memory

.section  .xbss, "b"
X_input: .space A*SAMPLES ;Allocating space (in bytes) to variable.
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MICROCHIP ’@E' nHE—Y Space
Zontrol. y b SS

S nr,ii .section .ybss, “b”

S £ PR e B Uninitialized Data > e
@ Data RAM fis Jﬁ“ =

o [ExfE [HS DSP ?F i f' e dsPIC [ﬁjﬁﬁ%ﬂ/ X-
Space & Y-Space

a7

.equ SAMPLES, 64 ; A/ID number of samples

.section .ybss, "b"
y _input: .space 4*SAMPLES ;Allocating space (in bytes) to variable.
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MICROCHIP '?‘ anl‘?_f' Fﬁ'” PR

Sontrol. .SPacC

=1* . .space size [fill]

>'5‘3J"S'Ze”§‘ [ Bytes 7 Eﬂ@@r e R L

@fMWﬁw@*wmw

3 fy]:
.equ SAMPLES, 64 ;Number of samples
.section  .xbss, "b"
X_input: .space 2*SAMPLES ;Allocating space (in bytes) to variable.

.section .ybss, "b"
y input: .space 2*SAMPLES

.section .nbss, "b"
Varl: .Space 4 ; 2words of space for variable "varl".

Var2: .Space 2

© 2005 Microchip Technology Incorporated dsPIC Assembly & Peripheral
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MICROCHIP RAM EeXE| gyl

control.
o dsSPIC SFR &t @y~ i FHRL]H]
1% 0x0000 ~ OxO7FF AT

-

o RAM E*r;HrF“ £-0x0800 [~ ik H-

B Jflpﬂ%&”f? S
o ZHi: RAM El"H\ [ ’7{&?9@ E |
1 dsPIC 7 (]| I’?T i -

Data & Y Data RAM Slze ’”‘J rf‘j

SR P (B = [N A i e F ‘

o PSV 432K Bytes » JF=f il
i1 A Psv <
\

© 2005 Microchip Technology Incorporated dsPIC Assembly & Peripheral

0x0000
SFR Space
OxQ7FF
0x0800
X Data RAM
0x0nnn
OxOmmm
Y Data RAM
0xOrrr
Unimplemented
0x8000
X Data Area
(Unimplemented)
OXOFFF
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MICROCHIP RAM £FF] E[f JJ%E'E"WHF’] e

Zontrol.

>IN

Xbss -- r£-0x0800 [ F’}
nbss -- EZEEE Xbss &
bss -- BZEEE .nbss iz [

-

ybss -- 0x1800 (dsPIC30F6014)

—- 00900 (dsPIC30F2010)
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MICROCHIP bss gyl

control.
.section .bss, "b"
.align 2
A_Var: .Space 4
B_Var: .Space 20
C Var: .Space 4

.section .bss, "b"
.align 2
D_Var: .Space 4
E_Var: .Space 2
F_Var: .Space 2

.section .xbss, "b"
X_input: .space 4*SAMPLES ;Allocating space (in bytes) to variable.

.section .ybss, "b"
y input: .space 2*SAMPLES

.section .nbss, "b"
varl: .Space 2 ;Example of allocating 1 word of space for variable "varl"
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MICROCHIP @l’k‘%’%ﬂ'ﬁj il"f:rfg“a"l'
Sontrol. dsPIC30F601

Data Memory Usage

section address alignment gaps total length
.nbss 0x900 0 0x2
.bss 0x902 0 0x24

Total data memory used (bytes): Oxla6

Dynamic Memory Usage

region address maximum length
heap 0x1880 0
stack 0x1880 Oxf18

Maximum dynamic memory (bytes): Oxf18
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MICROCHIP @%@Qfﬁj il"fﬁaE"l'
Sontrol dsPIC30F201

Data Memory Usage

section address alignment gaps total length
xbss 0x800 0 0x100
nbss 0x900 0 0x2
bss 0x902 0 0x24

Total data memory used (bytes): Oxla6

Dynamic Memory Usage

region address maximum Tength
heap CEL) 0
stack NCEL) 0x52

Maximum dynamic memory (bytes): 0x52

Stack Request : .ybss (0x926) + Length (0x80) = 0x0926

© 2005 Microchip Technology Incorporated dsPIC Assembly & Peripheral
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—aI> £(s 7 _—c}
MICROCHIP @T“ E s :EI;T 1
Control. Program Start- Up

o ASPIC VA= E i | B | F7E
_%:%Jqé J;’[f AR ﬂ?srﬁfﬁj —
—LF J%ﬂ@%ﬁl JESFFVLJ_*U =

0 ;% J E“EJIJJ*E?“

> "2 C:\Program Files\Microchip\MPLAB

ASM30 Suite\Support\templates \assembly
> tmp6010.s & tmp6014.s -- 1 ?{g@t[fﬁ@%{f
> Tmp6010_srt.s & tmp6014_srt.s -- ?{g@ﬁfﬁéf’@@
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‘% FI J
MICROCHIP

Control. tmp6010.s & tmp6014.s
ﬁfﬁfg[ H|7 .bss, .nbss , .xbss , .ybss F”E[F'
o IS E [EBE'J “’?T 72 > dsSPIC reset % @l}%}[j

ﬂﬁﬂ@ \ﬁﬁ “__reset “H JT@F (Label)
o Reset Vector 0x000000 F IEwiE * goto _reset

o YMIFILE ﬁaguiﬁg reset: ﬁfﬁn.?ﬂ“ﬁﬁﬁ%r
BEE OxOO 100

text ;Start of Code section

__reset:
MOV #__SP_init, W15 ;Initalize the Stack Pointer
MOV # SPLIM init, WO ;Initialize the Stack Pointer Limit Register
MOV WO, SPLIM
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MICROCHIP ATV HN R R PE

Zontrol 5{\ fﬁl FI J)?;lv]aﬁ ,%»g

> Flrh Jllp AE 7 (disassembly) [uBg [ JE 2 A H
1@;&‘ psj#ggw ( I = Fl 1@;@ =0 I’grj )

goto
nop
nop

11,210

1 o
nop

nop
mov
mMov. W

mMov. W
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FI =i vrf
MICROCHIP 'E' f’slr‘“

Control. crt0.o F" Crtl.o
o =T AUET[ *hpjj' Iz’jﬂ[“f‘f
> \dsPIC Tools\support\templates\assembly\tmp6014 srt.s
o Project p\JP%{L_‘FE » 1+ Object File “Crt0.0” 1™+ ﬁ%[lfﬁ
-
o [*|ERLFIH] crt0.0 > Y[ Y= J Initialized Data I[/f* (i1 ™|
Sl m 1ab2. ncy BB
1. Reset % ° ﬂﬁ[ﬁ%ﬁi —«LH\H Crt0.0 fElpY _reset i labgmcp;ﬂ
2 FRHEAER (W15 & SPLIM) Hwt'?lf:"‘“éiff o

= ’tw tF1l|-

3 F%‘:\L_ PSVPAG % CORCON ( .const)
s GG AL ,
}L{ﬁjﬂ‘ﬁ]ﬂ)@w AL User S A=V RELEY main ’[‘EF“' Other Files

o

© 2005 Microchip Technology Incorporated dsPIC Assembly & Peripheral 81



MICROCHIP 1= E'J

=
control - tmMpP6010_srt.s & tmp6014_srt.s

.equ _ 30F6014, 1
include "\pic30 tools\support\inc\p30f6014.inc”

.section .xdata, "d"
.align 32 ;Aligns the next word to be stored to a multiple of 32
X_in: .hword 0x1111, 0x2222, 0x3333, 0x4444, 0x5555

.section .ydata, "d"

y_in: .hword 0x1234, 0x5678, 0x9abc, OxdefO, Oxabab
text ;Start of Code section
__main:

CALL _wreg_init ;Call _wreg_init subroutine
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MICROCHIP %?\ E[fj {j‘-’ ill_‘%i[:’llz
IR IR - - Crt0.0

m Program Memory
Opoode Dizassembly

agaiod goto reset
gooaod nop
JOOIEE nop

OO0 IEE

o

227960 mowv. W H#O0xZ2796, wl
EEOI00 mowv. w Wi, SPLINM

. o oy e« B I e T =
mov. w #0x188a,wlis

Jooa00 nop

O700085 roall psv init
O7000c roall data init
Q201840 call main

Jo0000

I I e - =
rdabh mMaln

JYFFFF done

EBOOO0 wreg Iniclr.w wi

FE0700 mov. w Wi, wid
Qeoa0c repeat #1Z2
FEEZFO0 mov.w wi, [++wid]
ERQZ700 clr.w wil4d

Qa0 return
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CrtO.o

- /. =tu
Jii =
FIE 7
MICROCHIP HF
sontrol.
section address total length (dec)
xbss 0x800 0x80 (128)
.hbss 0x8a0 0x2 (2)
.ndata 0x8a2 Oxa (10)
.ybss 0x1800 0x80 (128)
Total data memory used (bytes): 0x136 (3IQZ4
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N ETE T Define Initialized Data
Control. data & .ndata

o .section .data, “d”

> Define the Initialized Data in the RAM area
.section .data, “d”

D1: Jlong 0x12345678 , 4 bytes
D2: .word Ox55AA , 2 bytes
D3: yte OxA5

o .Section .ndata, “d”
> Initialized Data in near RAM area
.Ssection .ndata,"d"
D4 float 3.14259 , 4 bytes
D5: .double 1.01234567890123 ; 8 bytes
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N ETE T Define Initialized Data
Control Xdata & .ydata

o .section .xdata, “d”
> Define the Initialized Data in the X Data RAM
.section .xdata, “d”

D1: Jlong 0x12345678 , 4 bytes
D2: .word (0)¢S1STAVAN , 2 bytes
D3: yte OxAS5
w fatch EEX

.|:i d SER | [ACCA Add Symbaol| | bss
a2 - 1. 1 == 9
i Symbol Nam Waln
7

o .Section ydata, “d”
> Initialized Data in the Y Data RAM
.section .ndata,"d"
D4 float 3.14259 , 4 bytes
D5: .double 1.01234567890123 ; 8 bytes
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MICROCHIP B E"J I_ﬁ:Unl:I

Zontrol.

e :éﬁjﬂ

> 0001011010, 0BO1011010

o 5
> 01234 , 05000
o A
> OX55AA , OXO0FF

o Floating
> |IEEE-754 format

o FIxed-Point Number
> Q15 format
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i

MICROCHIP TR ;FFc~h =

control. |:l

.oyte — 8-bit data format

.word — 16-bit data format

.hword — 16-bit data format

Jlong — 32-bit data format

Int -- 32-bit data format

fixed — 16-bit Q15 data format

float — 32-bit IEEE -754 float format

.Single — 32-bit IEEEE-754 float format

.double — 64-bit IEEE-754 float format
— NG o = P N = =ik =

(%:)s(ccz)lcl)) b+ 5 FI[ T E e null byte

o .assiz --ig * ﬂ*’f[ | - e null byte (0x00)

o o 0 o o o o o o o
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MICROCHIP =
Zontrol. 7[%’ F‘: (L a.b e I)

o )Fﬂ-r:tld F[[}I‘F[[E’j;‘uu Im\:ﬁ\{\ H\I
gL SR SR
> T T 5

' (Local Label)  |printsting:
> i}&w[‘@ﬂ > [t IE T )[@r:ﬁ[ . ’

cp0.b [wl]
Fl bra z,9f
> H 10{EE = i f ] mov.b [wi++]w0
_ call print_char
v0D~9 bra 1b

> ,(_‘ H'JE%[ M_;I-FE/I_JD b > return

> i SRR f
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MICROCHIP =3 ROM Data

Zontrol.

o .Section .const, “r”
> R fJ'El\’féﬁ%’i[:i‘U Program Memory

n n

.section .const, '"r
; The following symbols (C1 and C2) will be placed
; 1n the named section ".const".
Cl: .word 0x3132
C2: .word (0x3334
hello: .ascii "Hello world!\n\0"

e Program Memory:1

; - A~ ==
25 |PEYV Address

L N N

S o000 aooooooao

dsPIC Assembly & Peripheral 90
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MICROCHIP
Zontrol.

El Program Memory i 3Verg|

R (e 1]

]

tblpage (name)

Get page for Table Read/write operations

tbloffset (name)

Get pointer for Table Read/write operations

psvpage (name)

Get page from PSV data window operations

psvoffset (name)

Get pointer from PSV data window operations

paddr (label)

Get 24-bit address of label in Program Memory

handle (label)

Get 16-bit reference of label in Program Memory

.Sizeof. (name)

Get size of section name In address units

startof. (name)

Get starting address of section name
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MICROCHIP able Read/Write

Zontrol.

o Table Read #F‘} '&J
o TBLRDL.B, TBLRDL.W , TBLRDH.B , TBLRDH.W

o Table jf fugh B [Wn] e Zed [ 24k ﬁ“ﬁ[ i) IS g [
F1E E | 16 bl'[
o F|JF'| Page [Vl S PE HUmI ES-E]| 24-bit [y dirE

o F[J¥'| #tblpage (label name) F%Ju TBLPAG &' i T

o #tbloffset (label name) F%{u_ [Wn] i~ 64KW i i S
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MICROCHIP
Zontrol.

able Read &5y

;Tone table i1s placed as a loopup table in program memory

.section .

.palign 4
ToneTable:

. hword

.hword

. hword

. hword

.section

mov
mov
mov

tblrdl

mnm n

const,'r

0x1370,0x1398,0x13B0,0x13C6,0x13D9,0x13E9,0x13F5,0x13FC
Ox13FF,0x13FC,0x13F5,0x13E9,0x13D9,0x13C6,0x13B0,0x1398
Ox137F,0x1366,0x134E,0x1338,0x1325,0x1315,0x1309, 0x1302
0x1300,0x1302,0x1309,0x1315,0x1325,0x1338,0x134E,0x1356;

66y,

. text, “x

#tblpage(ToneTable) , WO ;Get upper address (page)

WO, TBLPAG ;Load address into PSVPAG

#tbloffset(ToneTable) , WO ;Get Tower address (offset) of text
;1n program memory

[WO++],W1 ; Get ToneTable into the W1
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MICROCHIP fﬁ, | PSV f‘,J‘Fj:

Zontrol.

o Program Space Visibility
o —;‘r{@l}[ﬁ]’ PSV bit=1 ( CORCON<2>)

o FFZ|[Y Program Memory (16 K Word ) £7
RAI\/I + 0x8000 — OXFFFF H 32K Byte i~ F[

o PSV fEi=4"% » Program Memory 24-bit FYER[Fl 1
| [R16-bit fUe R €7 BLEE - 8-bit i MSB byte £L7
 FLOEE] RAM Y

> [ Table HEIT] T 1P TR g 8-bit =Y

o PSV i l&, |2V EEPROM %6 > FIR , 1IR fi9 (7

By > ﬁ == REPEAT , DO ?F"&JF/\'FJ
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MICROCHIP
Zontrol.

;Tone table is placed as a loopup table in program memory

.section .

.palign 4
ToneTable:

. hword

. hword

. hword

. hword

.section

bset.b

mov
mov
mov

n_n

const,'r

0x1370,0x1398,0x13B0,0x13C6,0x13D9, 0x13E9, 0x13F5,0x13FC
Ox13FF,0x13FC,0x13F5,0x13E9,0x13D9, 0x13C6,0x13B0,0x1398
O0x137F,0x1366,0x134E,0x1338,0x1325,0x1315,0x1309, 0x1302
0x1300,0x1302,0x1309,0x1315,0x1325,0x1338,0x134E,0x1356;

£6y, 97

. text, “x

CORCON, #PSV ; Enable PSV function
#psvpage(ToneTable) , WO ;Get upper address (page)

W0, PSVPAG ;Load address into PSVPAG
#psvoffset(ToneTable), WO ;Get Tower address (offset) of text

;in program memory
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MICROCHIP iégﬂaﬁfjé};&

Zontrol.

o Jr'éEEfF[LF[(‘j?&?E
> 2] crt0.o0 FRSEIfSLAE — FIENERE W15 & W14

> 12 E(] [ 1p] F,;{"J A — ﬁj,Tgr.‘%P%gt_'wwuwm

E l |#§}‘—L+éﬁlﬂlﬂ\j§§ 'J '

III -~ < _EIl
.section .text, ;Start of Code section
__reset:
mov # SP_init, W15 ;Initalize the Stack Pointer
mov # SPLIM_init, WO
mov WO,SPLIM ;Initialize the Stack Pointer Limit Register
nop ;Add NOP to follow SPLIM initialization
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MICROCHIP
Zontrol.

© 2005 Microchip Technology Incorporated
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MICROCHIP
Zontrol.

R 2

o dsPIC30F Hl'i‘gfrfjiﬁi
=y IBH'%JFI EJEIE | S5t FIJHI!“’TTH Bl (IVT)

v 8 2B

v 54 [ﬁ
> [FlEHz
> &) Tﬁi
> 217 A
> [HIRE S i

> [l 3

© 2005 Microchip Technology Incorporated

YT
_1
F_L
£1|
[_

_{ﬁl .

ﬁﬁl 1&

“*"1% [
N [MTTH

HI—WTTH i (Non-Maskable)
aRlE g
ﬁif[l%j@*h— Eﬁur”riﬂ—

B (IVT) - Fr dlacs sl

ISR TR e
S R
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MICROCHIP
Zontrol.

Fl PRl A G 55 R

=

7

iy

51 I

© 2005 Microchip Technology Incorporated

1Bl (IVT)

Reset - GOTO Instruction

Reset - GOTO Address

Reserved

Oscillator Fail Trap

Address Error Trap

Stack Error Trap

Math Error Trap

Reserved

Reserved

Reserved

Interrupt Vector O

Interrupt Vector 1

Interrupt Vector 2

Interrupt Vector 53

0x000000
0x000002

157\ 0x000004
14

13
12 Rt
11 s

10
9

9 _

0x00007E
0x000080
0x000082

0x000084

OxO000FE

dsPIC Assembly & Peripheral
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MICROCHIP FI @fﬁfj PRk—AE (— )

control.
> gl%tlj “EJ 16 %E[H[ SRR JF%JL H*E‘E‘ﬁﬁl =2k
> Ik 8 - 15 |557J,“ E trap f| I%EBF'

>}IJ‘J"FE7§:FU IPL WfF[L['EI 'J CPU FIJHIQ‘H‘[Q JF@
g =k

P IPL<3> bit (CORCON<3>)
v IPL<2:0> hits (SRL<7:5)
>|EBF' T F%JLJIFHI%’FJO 7 IR N | TR A
)@ I[%L IPC ?;Tv& < B S ) }clsr@‘ir [[—{F[[%@Fu@ﬁu
> Hl%x%*r% =0 FHIEARAE
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MICROCHIP Fl IRV Rl (2)

Zontrol.

> I l“ﬂw’}ip R A A CPU Y ,ﬂszr.%i (IPL<3:0>)
TEFE H:mrcpu

> IPL<2:0> fi' I'| i =S JA8 R CPU R~ A

> IPL<3> [EFC M B0 LL;\\E%@—HU

> IPL ok 7o 7 pl oA SRR L T | ReAgh i

> IR [ > FUR IPL<3:0> [I9fifify Bt sl

> FlVBF Bl A F P A %Ju B 1A ke

- =
> J—LEI SN EFT I:%“—LF[ " }g[%f%u{t[ Ak
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MICROCHIP FI'
Control. Context [—gl /gV[fI'

o FIIETHN| FLH“E"*
> SRL » PC rﬁ B [ Z] T A
- [} ™| PUSH(.D) A1 POP(.D) #74)  FVIT iy
> B i ) ™ | PUSH.S #1 POP.S £
v PGSR WO.. W3 FT MCU Fffsizhf
(DC, N, OV, z C)HFL,FEM

v [Efi# — "¢y shadow registers
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MICROCHIP H [ STH M TEE AIr

Zontrol.

O

HOBMVED (S 5L T T R

N— —
15 0
0x0800
SRL pushed onto
stack to preserve e "
e et | PC<15:0> «——W15 (F| 13 % Fi))
MCU ALU status —~ SR<7:O>/i§ | PC<22:16>
(except DC) W15 (f[1 83 & %)
/ OX27FE

IPL3 saved in MS bit of
stacked PC value

\ 4 v
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MICROCHIP
Zontrol.
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MICROCHIP General Notes for labs

Zontrol.

o For all labs we will utilize supplied projects

o Refer to the supplemental hand-outs for
assistance.

> 1 supplemental hand-out per each lab

o Lab solutions are provided in “solutions”
folder with MPLAB® project and workspace
files

o No right or wrong here, just write the code!
o Ask questions!!
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MICROCHIP
Zontrol.

Hands-on Lab #1
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MicrocHIP  Code Requirements - Lab 1, Part 1

Zontrol.

o Configure PORTD pins as outputs

o Configure INT1 - INT4 pins for interrupts
> Clear respective interrupt flag
> Enable respective interrupts

o Define multiple Interrupt Service Routines
> INTL1 - INT4 pin Interrupts
> Clear interrupt flag
> Return from Interrupt

o Provide global scope for 2 Interrupts
o In all there are 22 lines of code to write
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MICROCHIP Objectives - Lab 1, Part 1

Zontrol.

o Understand Natural Order Priority Behavior

o Understand Interrupt Nesting Behavior
> Nesting is enabled on device Reset

o How to identify IVT names from Linker script

o Implement several instruction types:
> Logic Instructions
> Bit Instructions
» Program Flow Instructions

© 2005 Microchip Technology Incorporated dsPIC Assembly & Peripheral
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MicrocHIP Notes - Lab 1, Part 1

Zontrol.

o Upon device running:
» Press and release switch S1 and observe LED1
> Press and hold switch S4 and then press S1
v What happens?
v What should happen?

o Natural Priority Level
> INT1 = Vector 24, (S1 on board maps to INT1)
> INT2 = Vector 31, (S2 on board maps to INT2)
> INT3 = Vector 44, (S3 on board maps to INT3)
> INT4 = Vector 45, (S4 on board maps to INT4)
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MicRocHIP  Code Requirements - Lab 1, Part 2

Zontrol.

o Configure Peripheral Interrupt Priority Levels
> Interrupt Priority Control Registers
v |PC4[2:0] = INT1 (setto level 4, done for you)
IPC5[14:12] = INT2 (set to level 5)
IPC9[2:0] = INT3 (set to level 6)
IPC9[6:4] = INT4 (set to level 7)

N NN

o In all there are 9 lines of code to write
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MICROCHIP Objectives - Lab 1, Part 2

Zontrol.

o Understand interrupt behavior when peripheral
priority levels are modified

o Natural order of interrupts are not affected

o Implement more BIT instruction types
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MicrocHIP Notes - Lab 1, Part 2

Zontrol.

o Upon device running:
» Press and release switch S1 and observe LED1
> Press and hold switch S4 and then press S1
v What happens?
v What should happen?
v What changed for Labl, Partl ?

o Observe Interrupt nesting behavior

> LED behavior should be different from Part 1
when all peripherals had the same priority level
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MicrocHIP  Code Requirements - Lab 1, Part 3

Zontrol.

o Implement Alternate Interrupt Vector Table
> ALTIVT bit = INTCONZ2[15]

o Define multiple Alternate Interrupt Service
Routines

> INT1 - INT4 pin Interrupts
» Clear interrupt flag

o In all there are 9 lines of code to write
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MICROCHIP Objectives - Lab 1, Part 3

Zontrol.

o Understand Alternate Interrupt Handler
Behavior

o How to identify ISR names from Linker script
o Implement more BIT instruction types
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MicrocHIP Notes - Lab 1, Part 3

Zontrol.

o Upon device running:
> Press and release switch S1 and observe LED1

v Press and hold switch S4 and then press
S1
v What happens?
v What should happen?
Notice LED1 - LED4 behavior is opposite of
LAB1, Part 1
o Alternate interrupts useful for creating dual
ISRs for same source
> May be helpful for system diagnostics

O
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MicrRocHIP  Code Requirements - Lab 1, Part 4

Zontrol.

o Use DISI instruction to disable level 1-6 interrupts
> DISI#N

o Only 1 line of code to add!
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MiCROCHIP Notes - Lab 1, Part 4

Zontrol.

o Vary the DISI count by small amounts and
observe the behavior

> Is there a difference? Why not?
o Upon device running:
> Why does S4 always toggle LED1?

> What happens with the other switches and
associated LEDs?

o How do you prevent level 7 interrupts?
> Set CPU Priority level = IPL[3:0] = 7
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MICROCHIP Review - Lab 1

Zontrol.

o Defining Interrupts

o Modifying Peripheral Interrupt Priorities
o Interrupt Nesting

o Defining Alternate Vector Interrupts

o Disabling Interrupts

o Interrupt Latency considerations
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MICROCHIP
Zontrol.

12-bit ADC Module
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MICROCHIP 12-bit A/D Converter

Zontrol.

o 12 bit Resolution, +/- 1 bit accuracy

o 100 K Samples / Sec Sampling Rate

o Up to 16 input channels

o External VREF+ and VREF-

o Analog Input Range: 0to 5V (or VREF-1to VREF+)
o 16 word buffer for A/D conversion results

o Automatic scheduled conversion options

o Formatting options for reading conversion results

o NoO missing codes
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MICROCHIP 12-bit A/D EBi3IES

Zontrol.

Conversion
Control

l

ADC BUFFER Data

12 bit
16 d
100 KSPS eep Format

A
\ 4

A

w
c
(0]
=1
—
®
=
—
jab)
(@]
®D

laxa|dnniy 1nduj

Sample

Sequence
Control

74
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MICROCHIP 12-bit A/D Converter

Zontrol.

o Control Register Summary

>

Y V VYV V V

ADCON1

ADCONZ2

ADCONS3 - A/D Clock Control Register

ADCHS - A/D Input Select Register

ADCSSL - A/D Input Scan Select Register

ADPCFG - A/D Port Configuration Register
v All A/D port pins configured as analog at Reset
v Digital - port read enabled, A/D input to AVss
v Analog - port read disabled
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MICROCHIP ADCON1

control. F [

ADCON1

ADON — 43 1E:fj ¥ ADC il =5z (Enable)

ADSIDL — F%t:r, L » ADC 7 IDLE 1= @1

FORM<1:0> - AD#EW = e R El’ijﬁ]a g ,ﬁ“& S
® 11=" 5| B (Signed fractional)
® 10 =5 (Fractional)
¢ 01-= ?J%@’V(Signed Integer)
® 00= _%FZEI(T(Integer)
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MICROCHIP ADC 'ﬁ{l ',JFFTE‘-C

—r

control. 1 6_ b |t

b15 D14 - m e > bl bO
EJE’F di1,d10,do9, dos, do7, do6, do5, do4, do3, do2, do1,doo, 0 , 0 , 0 , 0
| Bl
| B di1,d10,d09,dos,do7,doe6,do5,do4,do3,do2,dol,doo, 0 , 0 , 0 , O
"EJEJ}Z
b2 dil,dil,di1,d11,d11,d10,d09,d08,d07,do6,dos,do4,do3,do2,do1,doo
_f.
jfi?—‘ZE\'T o, o0, 0, 0,dii,d10,d09,d08,d07,do6,d05,do4,d03,d02,d0o1,d0oo
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MICROCHIP ADCONL1 B 85 (LSB)

Zontrol.

ADCON1 gggg;m

il Bit 0

Bit 7
- SII\/ISAM' ASAM | SAMP | DONE

SSRC<2:0> - Jg’[gwADé;@E;pv%%Jéﬁﬁ%ﬁ@fe?&”
L1 = f P 7 TS B G VAR o A o F 1 i)

(= H2] ADCONS T BRI

010 = Timer 3 ﬁﬁﬁ [ (= W AT SR H‘JwV*%ADCH?EJﬁF[@E\'
OO INTORA e e i o -V i DGR

(%‘T*ﬁﬂ*‘u INTCONZ <INTOEP> & 7 fi JF%@
000 = = EJiEE: » SAMP=1 [FFIVE - 75} SAMP Af 72 B iHigs
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MICROCHIP

Zontrol ADCON1 %773 (LSB)
ADCONL1

Bit 7 Bit 0
SSRC<2:0> - |siMsam @@ DONE
AN
ASAM :

- SREE 1 Enf] FJ' —~ ADEEIS ,x;;&;l’»; , 5t c[“E»lg}ﬁyﬁ (SAMP & 7 7 Elgw
F L [HAD T i > IEISAMPIEE 0 i - AD (7l péthazz)
- %f 0 Eﬁ Pr= pﬁﬁvf‘ﬁf ’}H SAMP“LTJF%“LE 1 Eﬁ“ﬁf?[iji

SAMP :

- %1% #{ASAM = 0[5 > SAMP i 7 1 [FfiFhide E" VIR 5 SAMP J5EL
0 [k Miﬁ: 'S N ADF ﬁpﬁiﬂ( lelN[== 15&ADIF 1%3@@@&5&)

fl[ SRC 000 (-~ FIAfFREAY= EEURAssY) - @}H SAMP & v &
%0 ADE“#FJHE'EE\
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MICROCHIP ADCON1 EF F' ix 3 (LSB)

Zontrol.

ADCON1 )

Bit 7 Bit
SSRC<2:0> - SIMSAM| ASAM | SAMP @
4

DONE : AD $lHfREf5 7 i 72
S L ) ADBEES ) i A 5
P J@?&Eﬁltf’% *JE?IL‘*MA@ £ 0
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MICROCHIP ADCON?2 B

Zontrol.

i l

ADCON2
Bit 15 Bit 8
] - lcsena|  cHPs<1:0>
Bit 7 Bit O
BUFS i SMPI<3:0> BUFM | ALTS

VCFG<2:0> - &Y %@g@gggg

M T

& | l1(0x000) #:

¢ 000-AvDD > AVSS AIRE U'i 5 FIEE
® 001 - 9} VREF+ > AVSS B > T ISR
® 010-AvDD > Y} VREF- T (12-bit)FVEFEE I
® 011 - 9}# VREF+ » 9} VREF- Bl (0x7FF) B3 1)
o

Ixx — AvVDD > AVSS
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e ADCON2 %7
ADCON?2

Bit 15 Bit 8
VRG> : : CHPS<1:0>

Bit 7

Rit O
BUFS - SMPI<3:0> BUFM

CSCNA: —1E2JT FRETE l]gﬁj?fjﬁ”ﬁj EIAS 4T B ﬁﬁa&—x
ALTS : = 1E$I , g A,{”ﬁﬁj = n“\r'ﬁiaj 3 ;FE[“" —1\
BUEER 27 i (A%BeAeBeAeB )
—%ﬁ’ﬁ(”ﬂf e W
E)%E/\[ ’F'ﬁjﬂ F e l&]f—lr,ﬂm =LA Gl T
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MICROCHIP ADCON2 EFr F l T

Zontrol.
ADCONZ2
Bit 15 Bit 8
VCFG<2:0> - CSCNA CHPS<1:0>

2 Bit O
e =
SMPI<3:0> - &3t AD RiEge v it ik & — TV
(g3 7oy i 5 ADCBUR fI9477 4] )

BUFM — ADCBUFx 7 iy ] 7 JHAE i a5

BUFS — ADCBUFX #RRyi i B i 7
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™1y
—

MICROCHIP i

BB e
control.
o AD TR B s 2R 2
> ’9[ BUFM iFow =0
v o 7 E - SR 16 EE RN R - ADCBUFO,1,2...E,F

v =)~ ADIF H[% e }AF[TE'%""J:‘FF[[HJ ADCBUFO

v £~ ADIF |18 & i< PriiEis E%;Hr:&‘miﬁji—a A T
ADCBUFO p YR

v B rR E N - TR rR Q,Eij ﬁf&ﬁ,{i [ LSRN ‘Eﬁ ]2
- *r‘ﬁl[ BUFM #Fn =1

v 5 r?%ﬁ;?%”g BT 7 A Y8 e By

v BUFS i KF“?F[H[E Ei AD SR [ S

v

v

BUFS = 1, AD [ Ifjijifi * 57 5% @3 ADCBUFS - F
SR 1@ /2R e 8 ek
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MICROCHIP A/D EETJE’:'%S

control. 3@% e _’32 e H '%ﬁlfj %F’Ej

>
TR OB TV L B VRS M D OVRR L B ODURR |

ST- SWEERl ST OvEERL | STS ONEERD STpuOVEELN 5T AR

ADCBUFO ADCBUF1 ADCBUF2 ADCBUFO ADCBUF1

ADIF ey ZZ 272777
Sl LN u-E R T
ey U RIRT

ADCON2 BN ADIF =5
VCFG<2:0> - - CSCNA - -
Bit O
BUFS - SMPI = 0010 BUFM=0| ALTS
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MICROCHIP

15

control.

=

© 2005 Microchip Technology Incorporated

1

gois & G

ADCBUFOQ |+«—D0 «—D3

ADCBUF1 |«—D1 «—D4

ADCBUF2 |+—D2 «—D5

ADCBUF3 "\\‘\\\\\\\\$

ADCBUF4

ADCBUF5

ADCBUF6 | FriEigify D3 E‘ﬁéﬁ]ﬁ‘;’%

ADCBUF7_| I ADCBUFO fiv DO HY

ADCBUF8 | +p[ » DO - D2 YR
SOpE D3 B

apceure | M-V (FE AL DO)

ADCBUFF

HiH1 }Z\I‘B'ﬁfﬁ:‘h & i
%‘_L?EE‘ f‘é'_glj{z,\ph gij 4 — }\ H[%“_

A/D &E

e
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_;(17( }\]’\n I,EEZ{:T; ij ?K‘

ADCBUFO |«—D0 | ADCBUF8 |<«—D3
ADCBUF1 |<«—D1 | ADCBUF9 |<«—D4
ADCBUF2 | «—D2 | ADCBUFA |<«—D5
ADCBUF3 ADCBUFB
ADCBUF4 ADSBUFC
ADCBUF5 ADCBUFD T~
ADCBUF6 ADCBUFE
ADCBUF7 ADCBUFF

D6 fver| €7 2 ¢ ADCBUFO (v

DO > 5] DO - D2 flUEyR] 4 i

i+ D6 FEZISURY i RSV S
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MICROCHIP ADCON3 B g

Sontrol. F |

ADCONS3

o Bit
COR

SAMC<4:0>: r%zu:\[‘—_ ?lgl’ﬁ?w[‘%iﬁ\j]‘: [t (O Tap to 31 Tap)
ADRC : =1/  [fi* " [ RCY=HFH 1% : =OFf > ffl
JE=c 1l
ADCS<5:0> - AD @@Ef VP ] (Tap)
111111= (Tcy / 2) (ADCS<5:0>+1) = 32 Tcy

000000= Tcy/2
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MICROCHIP AR e AN A

Zontrol.

> AT A PV R

" (BT LR 17.3728MHz > 2R 116 (A R
[T (=5 £y 117.9648MHz = 8.477nS (Fosc)

®Tcy=(1/Fosc) x4 =33.91nS
s R

" & TAD :ZTUE 713nS > & | [y SRR E]=10uUS

® & ADCONS3 = Ox1F3F (SAMC=11111, ADCS=111111)

'_._I

Tad = (ADCS<5:0>+1) Tcy / 2 = (63+1) Tcy / 2=Tcy * 32 =\33.91nS x 32 = 1.08512uS,
Q‘ETZEE\JJEF'E'FJ Tconv = 14Tad ?V?[‘%‘;Eﬁ fifl = 31 Tad

AID = JVRRIRE + B = 31 Tad + 14 Tad = (31 + 14) x 1.08512uS= 48.83uS
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MICROCHIP HiH Ik FE = o[
Sontrol. N E\, E'Jﬁﬂﬁﬁj
12-bit ADC )

&t /[ [ TAD = 714ns / -%

- i é
Fd 7] : 5 R HEE ] (14 TAD) 5
Fosc = 29.4912MHz 3.8us 10.5ps §
TCY = 136ns < 14.3us g

TAD = TCY(ADCS+1)/2 = 748ns (Tconv. =14 TAD = 10.5 ps)
TSAMP = TAD x SAMC = 3.8us

ADCONS3
SAMC =00101  [*2R%9 - ADCS = 001010
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MICROCHIP ADCHS &7

Zontrol.

Fl
ADCHS

Bit 15 Bit 8
CHONB CHOSB<3:0>

CHONA: Ax™ 2~ g«gF[ 'Jﬁjaj g
1:§IEJ_X BE.' Y AN1 O ﬁE\—; gg Vl’ef-

CHOSA<3:0>: AxZ 27 gy ,Jgﬁj Rt e
1111 : 5248 AN154T ﬁfw o

0000 : 4% ANOETfi * &
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MICROCHIP ADCHS &7

Zontrol.

Fl
ADCHS

Bit 15 Bit 8
CHOSB<3:0>

Bit 7 Bit 0
CHONA CHOSA<3:0>

CHONB : B x™ 2~ g«gF[ 'Jﬁjaj g
1 :ﬁI‘EJ_X BE.' Y AN1 O ﬁE\—; gg Vl’ef-

CHOSB<3:0>:B i~ 27 gy ,Jgﬁj Rt e
1111 : 5248 AN154T ﬁfw o

0000 : 4% ANOETfi * &
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MICROCHIP
Zontrol.

A/D
o2 (L) iy

% RPNV

HHI

BN

7l CHO
\

—

CHOSB<3:0> ANO to AN15

B+

CHONB AN1 or VREF-

B- +

CHOSA<3:0> ANO to AN15

A+

(@f o [0]\\/AY AN1 or VREF-

ALTS (ADCON2<0>)

L.—r__A ;|\

T
par F
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52 FLEI
MICROCHIP A/D 3@ 'EL
control. L —t A~ 44 =0 .
ontro 72 (?T{ - TM) F ,J ?UF[FJ ( )
ALTS = 1 (7| A ~ B i @ FFfE0)
2:12 EE o CSONA =0 ( F,J,I-njﬁjﬂj E 55\/ Vreft- E[[}%‘H)
ANZ E ; ADRES Buffer
AN6 [} ANG ADCBUFO
ANs p—o ADCBUF1
AN4 XJ——o ADCBUF2
AN3 X}F——= A
AN2 X}—-e
AN1 D—o Gl
ANO X}——-e >
AN1_X}——-o
ADCHS VREF- (VSS)—-—o
CHANB=0 CROSB = 0100
Bit 0
CHONA=0 CHOSA = 0110
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9

: 2 I
MICROCHIP A/D EE@%ELE[
Lo £ —t LH — =
ol G (RafiE) iy e ()
AN15 X}——e
AN14 X}——e
AN? E:: ADRES Buffer
X ° AN6 | ADCBUFO
/jk'\f X— AN4 | ADCBUF1
AN ADCBUF2
ANS XH——o A
AN2 Xp—e
ANL X—- Gl
ANO DX}——e /o— -
AN1 g—o/
VREF- (VSS) -—o
ADCHS
CHONB=0 CHOSB = 0100
Bit O
CHONA=0 CHOSA =0110
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ey
tv

MICROCHIP A/ D i
Zontrol. {/& —t (—{f{\ s

4‘

Ei%'é’
i B (2)

A
W)
<,
N’
—h-l-rl

AN14 XF—0 ADRES Buffer
e — G

ANG

CHO

ADCHS

CHONB=0 CHOSB = 0100

Bit O

CHONA=0 CHOSA = 0110
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MICROCHIP A/D HEL;
vontrol. {/f/j —'«TZ\CI [?D) F
AN15 X}—e
AN14 X}——e
B
AN6 X}—o
AN5 [X}——o

F'FJ ()

i_v;:r
Ei%

ADRES Buffer

ANG

AN4

ANG

AN4

ANL CHO

ANO

AN1 X}——e S .

— Al J _-1:;_ I —’:; <

VR ) — ALTS =1 ﬁ FE TR 2R

ADCHS
CHONB=0 CHOSB = 0100
Bit 0
CHONA=0 CHOSA = 0110
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MICROCHIP

ADCSSL %77

Zontrol.
Bit 15 Bit 8
CSSL15|CSSL14 | CSSL13 | CSSL12 | CSSL11 | CSSL10 | CSSL9 | CssLs
Bit 7 Bit 0
CSSL7 | CSSL6 | CSSL5 | CSSL4 | CSSL3 | CSSL2 | CSSL1 | ¢essLo

CSSL<15:0> - fiij * JJ?*M‘“

1 -5
0 —

[FVLJF ﬁﬂfﬁ;%

SR

Ji

PRI RO CSCNA (ADCON2<10>) 5
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M A/D ;!;.l A - 157 | E
o i
o =L F,\I“EJ A 27 &H JF;E‘ ,Jj/ }*F”, I/,jjﬁ

> TR T M ATS e L e A

B+

B- + +

S/H
He
CHONA AN1 or VREF- A/‘/

A

CSSL<15:0> ANO to AN15
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MICROCHIP
Zontrol.

ADCSSL

A/D &

LA

e

ANI1
VRE

=- (Vss) —o’

CHO

ALTS =0
CSCNA=1

?ﬁ}ﬁ%’u AN4 . AN5 , AN6

ADRES Buffer

AN4

ANS

ANG

CSSL15 | CSSL14

CSSL13

CSSL12

CSSL11

CSSL10

CSSL9

CSSL8

Bit O

CSSLY

CSSL6=1

CSSL5=1

CSSL4=1

CSSL3

CSSL2

CSSL1

CSSLO
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MICROCHIP A/D BEIBIES ALTS =0
2 = =3 _
Control. j%?]»}‘”[ﬁ[? = HE| CSCNA =1
AN15 X}—e B
AN14 X}——o0 - qﬂﬁ ADRES Buffer
AN7 ANE
ANG NG
NG
AN4
AN4 X}—o ANE
AN3 X}—-e NG
AN2 X}—-e
AN1 D—o Gl
ANO X}—e
AN1 X}——e
VREF- (VSS) —o¢
ADCSSL
CSSL15|CSSL14 | CSSL13 | CSSL12 | CSSL11 | CSSL10| CSSL9 | CSSLS
Bit 0
CSSL7 |CSSL6=1JCSSL5=1|CSSL4=1] CSSL3 | CSSL2 | CSSL1 | CSSLO
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MICROCHIP
Control. fﬁl Fl J

CHOSB<3:0> ANO to AN15
CHONB AN1 or VREF-

CSSL<15:0> ANO to AN15
(@f o [0]\\VAY AN1 or VREF-

ALTS — A FE fi = &

A/Dri I%%El

TSR S

B+

-

B- + +
S/H
A+ :

A/B[ﬂﬂ\' V] l# _T\F

CSCNA — Fifisfi %
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MICROCHIP
Zontrol.

ALTS =1
CSCNA=1

%7 B A

o

ADCHS

A/Di

AN15 X}——e

AN1_X}——e

VREF- (VSS) -—o

] 4 gj&i%é‘ 3 S
U= 22 AR = S

ADRES Buffer

CHO

CHONSB=0

CHOSB = 0110

Bit O

CHONA=0

CHOSA
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ef s o2
MICROCHIP A/DEEUZIES
Sontrol. = El | £, ThEt =y 3 =3
U= 22 AR = S
ALTS =1
CSCNA =1 AN15 [—o
AN14 X]—o ADRES Buffer
AN7 E: AN
AN6 X}——eo
& —t FH AN5 pX——o
27 dy A AN4 Ilz—o
12 S T AN3 DJF——o TS
FI Jﬁﬂaj NN — *
AN1 X—o Gl
ANO X}——e
AN1 X}——e
VREF- (VSS) —o’
ADCSSL
CSSL15|CSSL14 | CSSL13 | CSSL12 | CSSL11 | CSSL10| CSSL9 | CSSLS8
Bit O
CSSL7 | CSSL6 |CSSL5=1|CSSL4=1] CSSL3 | CSSL2 | CSSL1 | CSSLO
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MICROCHIP
Zontrol.

ALTS =1
CSCNA=1

27 W B
o

ADCHS

[F0 ]

AN15 X}——e
AN14 X}——e

ANG6 )

AN5~X}——e

JAV/D):

AN1 Rl—c/

VREF- (VSS) -—o

N
R S

ADRES Buffer

AN4

ANG

CHO

CHONB=0

CHOSB = 0110

Bit O

CHONA=0

CHOSA
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ef s o2
MICROCHIP A/DEEZI S
Sontrol. = El | £, ThEt =y 3 =3
U= 22 AR = S
ALTS =1
CSCNA =1 AN15 [—o
AN14 X]—o ADRES Buffer
AN7 E: AN
| ANG6
s -
L EE‘ET A ANG é:\_
i = +
ANL [X—o Gl
ANO [d——eo
AN1 X}—e
VREF- (VS¢) —o
ADCSSL
CSSL15|CSSL14 | CSSL13 | CSSL12 | CSSL11 | CSSL10| CSSL9 | CSSL8
Bit O
CSSL7 | CSSL6 |CSSL5=1|CSSL4=1] CSSL3 | CSSL2 | CSSL1 | CSSLO
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MICROCHIP
Zontrol.

ALTS =1
CSCNA=1

27 W B
o

ADCHS

[F0 ]

AN15 X}——e
AN14 X}——e

ANG6 )

AN5~X}——e

JAV/D):

AN1 Rl—c/

VREF- (VSS) -—o

N
R S

ADRES Buffer

AN4

ANG

ANS

ANG

CHO

CHONB=0

CHOSB = 0110

Bit O

CHONA=0

CHOSA
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MICROCHIP

control.
ANO-AN9 Fijiay * Jil » s 10 -
Gk o - [

o SMPI<2:0>=1001 - §EBI10-~ i | 1% -~

o BUFM=0, *"[Hi— buffer (16-word)

o ALTS=0, [ {ffli"] MUX A £ifii;

o CHOSA<3:O>:N/A(]?I?J»}’F‘-‘[T§?Q* %ﬁﬂ?ﬁ g

o CHONA=0 > Vref- for CHO- ﬁﬁ?ﬁ*

o CSCNA=L - fisgihfiiy * Fiffipis

o CSSL<15:0>=00000011 1111 1111, jﬁ}ﬁ
ﬁﬁ?rjj HlEL ANO ~ AN9

o CHO0SB<3:0>= N/A

o CHONB=N/A
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BUF1
BUF2
BUF3
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BUF5
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AD i = g

ADCBUFO~F

b SRR
E TR
ADCBUFO
<—

ANO FEHEL
AN1 H#g
AN2 HEg
AN3 FEHE
AN4 HEE
ANS B
ANG BB
AN7 Hg

ANS BB

ANO FEHEL

R o
— FIVADFH
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MICROCHIP 7—‘3 m’flfﬁ 3 SR 7 ‘;'—‘r i[:[:;]}—FF,*I
control.
o iy " f J?ﬁiﬁ I I o T
15 o = e
fap * i et E ANt A5 VREF- [i

ADC Buffer

AN15
F“f =%
ANXX AN [ORVALS
+
AND CHO ANO-Vss

aNL  DX——oto—
T— VREF-

ADCHS Vref- = Vss ANO Bit 8
CHONB=0 CHOSB<3:0> = 0000

Bit O
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MICROCHIP ADPCFG EDT_EJ: S

Zontrol.

ADPCFG

Bit 15 Bit 8
PCFG15|PCFG14 | PCFG13|PCFG12 | PCFG11 | PCFG10| PCFG9 | PCFGS8

Bit 7 Bit O
PCFG7 | PCFG6 | PCFG5 | PCFG4 | PCFG3 | PCFG2 | PCFG1 | PCFGO

PCFG<15 0> - & ;‘?FIFHB‘E‘ Hhll b
() E‘ JL[I X ’jjﬁ
° O ;‘SFIF“ﬁE\_X TJge

* FFF AR TR Eiﬁ”iﬁﬂﬁlf*’”ﬁj - B
;lf‘Ff .&(Reset) , vpr%’}ﬁ[]n‘ fi JﬁJF €2~ l—ﬁa}‘%“

o 5j— }f[—ﬁ‘* qﬁl]r‘f‘?[if[ ] Fﬁ)’&}i}‘{
- 4l & 0 1/O ﬁgVﬁ‘J;’ﬁ,J £ 0
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MICROCHIP
Zontrol.

)l

_Ullll

—LAD i

AL

HJ®] SSRC<2:0> =15 AD i rrIegf 55 l'ﬂ%ﬁ‘ i

000 = = i » SAMP=1 [ VAL » 751i% SAMP i s

111 = fi*]

R B B L 1 i)

010 = Timer 3 R sk 7 i » 57 iy ZVERADCH i s
001 = INTO I FErAEARIER - aeiphs 2V EADCRHH ittt
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MICROCHIP
Zontrol.

Hands-on Lab #2:
Part #1
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MIcROcHIP Code Requirements - Lab 2, Part 1
o Configure ADCONL1

» Unsigned Integer format

> Automatic Sampling and Auto-trigger
Conversion

o Configure ADCON2

» Enable channel scanning
> 4 Samples per Interrupt

o Configure ADCON3
> A/D Sampling Rate = 8 kHz
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MICROCHIP  Cde Requirements - Lab 2, Part 1

Zontrol.

o Configure ADCSSL to scan the following:
> RP1 = AN6, RP2 = AN4
> RP3 = AN5, U9 = ANS8

o Configure ADPCFG
» Set 4 channels for analog, remaining digital

o Enable ADC (do this last)
o Inthe A/D ISR

» Unload the A/D buffer
» Clear the A/D interrupt flag bit

o In all there are 8 lines of code to write
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MicRoCHIP Objectives - Lab 2, Part 1

Zontrol.

o Develop basic understanding on configuring
12-bit ADC module

> What Is the effective sampling rate per scanned
Input channel?

o Implement channel scanning on Mux A
o Continue using Instruction set
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MICROCHIP
Zontrol.

Data Converter Interface

Why use a DCI?
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MicrocHIP Ty pical I2S 24-bit Audio CODEC

Zontrol

o Serial Interfaces required:
> DCI for Audio data
> |12C™/SPI™ for Control data

1.8V to 5V JV to bV

Intemnal Voltage Intemnal External Leit and

e Right Mute
Reference Oscillator Mute Contral P
Register / Hardware Controls
Configuration

Volume Selectable : | |switched Capacior= Left
) A% | sk - : .
Control _ Interpolation AX Modulator | DAC and Filter Differsntial

Filtar (O utput

Selectable . Right
Volume 2 . e | |Switched Capac e .
Control Interpolation AX Modulator DAC and Filter .~ Ditte re ntial

Filter O utput

Control Data

Heset

Level Translator

Serial
Audio
Input

Serial
Audio
Output

High Pass Filter & Linear Phase Multibit

DC Dffset Calibration Anti-Alias Filter “. 0 ‘-’EF;ED'}]F'““'J

Level Translator

Left Input

-
=2
o

£
(=5
=
=

—
@
L2
i

=
o

—
=

=
=
o

o

=

=

2

o

High Pass Filter & Limear Phase ) .
DG Dffset Calibration Anti-Alias Filter - ; ! Right Input
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MICROCHIP 12S Protocol

Zontrol.

> Philips specification (Inter-IC Sound)

http://www.semiconductors.philips.com/acrobat/various/I2SBUS. pdf

> Common interface for stereo CODECSs
> Frame Sync (FS) has 50% duty cycle

> FS edge(T or ) initiates transfer of appropriate
channel data

cors \ / \

esoe ——reel A A A R R A K Xe)

Left Channel Right Channel
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sli2le gl Why use a DCI?

@)

DCI designed for continuous, streaming data
> Interface to CODECs, A/D and D/A converters

Works like SPI™ but SCK Is continuous
» CODECs often uses SCK as operating clock

Streaming data is organized into a frame

Frame Sync (FS) signal initiates a transfer
» FS usually occurs at the audio sample rate
> FS Is generated by the master device

Frames typically contain several “timeslots”
> Each “timeslots” contains a data word

© 2005 Microchip Technology Incorporated dsPIC Assembly & Peripheral

165



MICROCHIP DCI Features

Zontrol.

o Support for PCM audio codecs

> DCI supports speech, modem, and general audio
applications

o Automatic synchronous serial data transfer
o Support for IS and AC’'97 protocols

o TDM Mode features support up to 16 data
timeslots

o Module has up to 4 word buffer (16-bit words)
o Master or slave operation
o Separate baud generator for SCK signal
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MICROCHIP DCI Block Diagram

Zontrol.
Clock
RF—1X] csox

RXBUFO-RXBUF3 Generator

Word Size Contro| ==
/\ Frame Size Contro| = v
Frame Sync Mode
J Frame Sync x COES
Generator

V¥V VYV Y

‘ Receive Registers —
(%)
g <: w / Buffer — ‘ 4
(-G —
T |
e Buffer Control  |=—> CPU interrupt
o — >
2 . .
- :/r\ Transmit Registers — y ¥
‘ w / Buffer — 15 0
S \ 4
[
DCI Shift Register & CSDI

TXBUFO-TXBUF3
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MicROCHIP Mode Selection Options

Zontrol.

> COFSM<1:0> sets FS mode
v 20 or 16-bit AC'97
v |2S Frame Sync
v Multi-channel Frame Sync (Slot)

> DJST - data alignment to FS pulse
» CSCKD, COFSD, set master/slave SCK/FS
» CSCKE sets clock sample edge

DCICONL1 Register

| DCIEN | - | DCISIDL | - | DLOOP | CSCKD | CSCKE | COFSD |
bitl5 14 13 12 11 10 9 bit8

| UNFM | csboM | DJST | - | - | - | COFSM<1:0> |
bit7 6 5 4 3 2 1 bit0
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MicROCHIP Mode Selection Options

Zontrol.

> WS<3:0> - data word size (4 to 16 bits)
» COFSG<3.0> - data frame size (1 to 16 words)

> (WS * FSG) determine frame size in bits
v Maximum of 256 bits/frame; fcsck=256*FS
v CODEC’s will often use CSCK as operating clock

> BLEN<1:0> sets samples between interrupts
v Also specifies size of buffer in words

DCICONZ2 Register

| : | : | : | : | BLEN<1:0> | - | COFSG3 |
bit15 14 13 12 11 10 9 bit8

| COFSG<2:0> | - | WS<3:0> |
bit7 6 5 4 3 2 1 bit0
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MICROCHIP Data Converter Interface

Zontrol.

o DCICONS3 - Baud Rate Generator
>  Write 12-bit value to DCICONS3 to enable SCK
> May be enabled separately from DCI module

o TSCON, RSCON - Select Time Slots

» Sets timeslots to transmit/receive (up to 16)
> Buffer pointer incremented after each active slot
o DCISTAT - Status Bits
> TMPTY, TUNF, RFUL, ROV
v Buffer status dependent on BLEN <1:0>
v Buffer status updated during buffer transfer
> SLOT<3:0> - Status of current slot
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MIcROCHIP Multi-channel (Slot) Timing

Zontrol.

COFS —/_\ /_\

CSDx 4(MSBX X XLSB\ MSB

Single Word Transfer

COFS —/_\ /_\

e G 00 O 63 (5 00 @0 3 .65 00 I 63 200 8 B

Timeslot O Timeslot 1 Timeslot 2 Timeslot n

Multiple Word Transfer
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MiCROCHIP Slot Configuration Example

Zontrol.

o Recelve 1 channel audio data from a 16-bit Codec,
that requires SCK = 64*fs and fs = 44.1 KHz

> Buffer 1 sample per interrupt -
BLEN = 00

» Setup for Slot format, Master FS, Master SCK,
COFSM = 00, COFSD =0, CSCKD =0

> Setup 16-bit word, 4 words for 64 bits / frame
WS = 1111, COFSG = 0011

» Use first slot to send/receive
RSCON = TSCON = 0x0001

> Set baud rate so SCK = 64 * audio sampling rate
DCICONS3 = fcy / (2*64*44100) - 1
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MICROCHIP Slot Configuration Example
control. |m | N g

P 64 SCK periods

<

[
»

COFS —/_\ /_\

csor — =)

RXBUFO Channell<15:0>
RXBUF1

RXBUF2
RXBUF3
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MICROCHIP DCI| Buffer

control.
o The BLEN bits specify the size of the buffer
> Maximum is 4 words

o Each entry in the register is double buffered

o Software writes to main register, at interrupt,
main register transferred to buffer, then used

by DCI transmitter.

MAIN
BUFFER
1st Word
cru - 2nd Word 1st Word
3rd Word 2nd Word ‘ DCI XMIT

3rd Word

BLEN=10 (Buffer is 3 words)
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MICROCHIP
Zontrol.

Hands-on Lab #2:
Part #2
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MICROCHIP  Cde Requirements - Lab 2, Part 2

Zontrol.

o Configure DCICON1

» DCI to operate in Multi-channel / Slot mode
> DCI in Master mode

o Configure DCICONZ2
> All 4 buffers used
> 16 time-slots/frame and 16-bit words/time-slot

o Configure DCICON3
> FS =7200 Hz
> SCK = 256*FS
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MICROCHIP  Cde Requirements - Lab 2, Part 2

Zontrol.

o Configure TSCON
> Transmit on Time Slot #0

o Enable DCI (do this last)

o Inthe DCI ISR
> Load the DCI buffers

o Inthe main.s file, call the routine to set up
the DCI module

o In all there are 8 lines of code to write
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MicRoCHIP Objectives - Lab 2, Part 2

Zontrol.

o Develop basic understanding on configuring
DCI module

o Why did we choose 7200 Hz as the FS
frequency?

o Why did we choose 256*FS for the serial
clock frequency?
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MICROCHIP
Zontrol.

UART Module
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MICROCHIP UART - Overview

Zontrol.

o Serial transmission and reception of 8/9-bit data
» Full-duplex, asynchronous communication

» Support for communication protocols such as RS-
232, RS-422, RS-485 and LIN

4-deep Transmit and Recelive buffers
Transmit and Recelve interrupts

Error detection

Support for receiver addressing
Loopback mode

Alternate TX/RX pins on some devices
Wake-up from SLEEP

YV VYV VY VY VY V V
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MicRocHIP UART - Block Diagram

control. ABAUD

LIN Bus
Support

0
1 To Input Capture
Baud Rate -16
Generator Divider
0]
> UXRSR 1
N Load UXRSR
to Buffer =
LPBACK UXRXREG L
Module Control / [*
Error Handling
Logic <
I Error Status 1
Parity |
UXTXH Gen. | . UXTSR kJ
| Load UXTSR ﬁ
UTXBRK
UXTXREG
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MicrocHIP UART - Baud Rate Generator

Zontrol.

o Dedicated 16-bit Baud Rate Generator
» Controlled by UXBRG register
» Baud Rate =Fcy /(16 * (UXBRG + 1))

where Fcy = Instruction Cycle Frequency

o Both transmitting and receiving devices must
use same Baud Rate
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MICROCHIP UART - Transmission

Zontrol.

o UART module is enabled by setting the
UARTEN bit in the UXMODE register

R/W-0 U-0 R/W-0 U-0 U-0 R/W-0 U-0 U-0
| UARTEN - USIDL | - | - | ALTIO | - | - |
bit15 14 13 12 11 10 9 bit8

o Transmission starts only when:

> The data to be transmitted Is written to the
buffer, AND

> The UTXEN bit in the UXSTA register is set

R/W-0 U-0 U-0 U-0 R/W-0 R/W-0 R-0 R-1
| UTXISEL | ] | - | - | UTXBRK | UTXEN | UTXBF | TRMT |
bitl5 14 13 12 11 10 9 bit8
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MicrocHIP UART - Transmission (contd.)

Zontrol.

o The first bit transmitted is a START bit
> Low level on UXTX pin for 1 bit time

o Next, the actual data bits are sent
> LSB first , MSB later and parity bit last

» Data format (8 or 9 bits) and parity type (even,
odd or no parity) configured by PDSEL bits In

the UXMODE register
> No parity for 9-bit data

R/W-0 R/W-0 R/W-0 U-0 U-0 R/W-0 R/W-0 R/W-0
| WAKE | LPBACK | ABAUD | - | ] | PDSEL1 | PDSELO | STSEL |
bit7 6 ) 4 3 2 1 bit0
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MicrocHIP UART - Transmission (contd.)

Zontrol.

o The last bit transmitted is a STOP bit
> High level on UXTX pin for 1 or 2 bit times

> Number of STOP bits configured by STSEL bit
In the UXMODE register

R/W-0 R/W-0 R/W-0 U-0 U-0 R/W-0 R/W-0 R/W-0
| WAKE | LPBACK | ABAUD | - | ] | PDSEL1 | PDSELO | STSEL |
bit7 6 5 4 3 2 1 bit0

o TRMT status bit in the UXSTA SFR

> Bitis cleared if Transmit Shift Register (UXTSR)
IS busy or a transmission is pending

R/W-0 U-0 U-0 U-0 R/W-0 R/W-0 R-0 R-1
| UTXISEL | - | - | - | UTXBRK | UTXEN | UTXBF | TRMT |
bit15 14 13 12 11 10 9 bit8
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MICROCHIP UART - Transmit Buffers

Zontrol.

o 4-deep Transmit FIFO Buffer

> Only the first character in the buffer is memory-
mapped and thus user-accessible, UXTXREG

> Characters in the buffer are shifted out of the
buffer through UXTSR in FIFO

> All 8 (or 9) data bits, are buffered

> The UTXBF status bit in the UXSTA register
iIndicates whether the buffer is full

R/W-0 U-0 U-0 U-0 R/W-0 R/W-0 R-0 R-1
| UTXISEL | g | - | - | UTXBRK | UTXEN | UTXBF | TRMT |
bitl5 14 13 12 11 10 9 bit8
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MicROCHIP UART - Transmit Interrupts

Zontrol.

o Transmit Interrupt indicated by UXTXIF bit
and enabled by UxTXIE bit
> Set UTXISEL bit in the UXSTA register to 1

v For transmitting a block of 4 characters per
Interrupt

> Clear UTXISEL bitto O

v Used for transmitting a single character per
Interrupt

v In this mode, an interrupt is generated as
soon as the UTXEN bit is set

R/W-0 U-0 U-0 U-0 R/W-0 R/W-0 R-0 R-1
| UTXISEL | - | - | - | UTXBRK | UTXEN | UTXBF | TRMT |
bit15 14 13 12 11 10 9 bit8
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MICROCHIP
Zontrol.

Hands-on Lab #2:
Part #3
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MICROCHIP  Cde Requirements - Lab 2, Part 3

Zontrol.

o We will use the UART2 module

o Configure U2BRG
> Set the Baud Rate to 57600 baud

o Configure U2MOD

> Enable the UARTZ2 module for 8-bit data, No
Parity and 1 Stop bit

o Configure U2STA

> Set up UART2 so that all 4 buffers in the UART
FIFO are transferred to the shift register before
the module sets the TRMT bit
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MICROCHIP  Cde Requirements - Lab 2, Part 3

Zontrol.

o Enable the UARTZ2 Transmitter

o Inthe “display_string” subroutine:
> Load the UART2Z2 transmit buffer

o Call the UART routines from the main.s file

o In all there are 6 lines of code to write and
1 formula to compute using assembler
directives
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MicRoCHIP Objectives - Lab 2, Part 3

Zontrol.

o Develop basic understanding on configuring
UART module

o Implement byte move instructions using file-
register addressing
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MICROCHIP
Zontrol.

System Reliability, Clocking and Power
Management
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MICROCHIP Power Management Options

Zontrol.

o Switch between clocks at run time

o Divide down system clock: 1, 4,16, 64
o SLEEP mode:

» System clock Is shut off

> CPU Is stopped

> Peripherals are stopped, but may keep running

> Wake up on interrupt or I/O pin change
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MICROCHIP Power Management Options

Zontrol.

o IDLE mode:
» System clock Is running
> CPU is shut off
> Peripherals are running, but can be shut off
> Reduce system clock speed for peripherals

© 2005 Microchip Technology Incorporated dsPIC Assembly & Peripheral 194



MICROCHIP
Zontrol.

Clock sources

o Includes 2 Internal RC Osclillators

o PLL multiplies oscillator source for high
frequency operation

I Low Pwr RC 512KHz I

I Fast RC 8.0 MHz I—.

>—I EC Clock I PLL POS_t8_0aIer
| 4x, Divides System

[ 8X, By Clock
[ osCl Xll-lr_i,rﬁg’rl;s or E)L)?r;(ass SO0 228
-—l—_ xtalosc | ¢

OSCO
—XH e Instruction Clock = System Clock/4
N SOSCI Tim(e)rSlCXtaI
i v Foy = (Fosc™PLL)

soOsCO b TETTTTE T T
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MicROCHIP Oscillator Control Register

control.
o OSCCON
> COSC<1:0> = Current Osclillator Status
> NOSC<1:.0> = New Oscillator Group Selection
> POST<1:0> = Oscillator Postscaler Selection
> LOCK = PLL Lock Status
> CF = Clock Failure Status
> LPOSCEN = 32 KHz LP Oscillator Enable
> OSWEN = Oscillator Switch Enable
y= set value on POR /BOR
U-0 U-0 R-y R-y U-0 U-0 R/W-y IWAY
| - | - | COSC<1:0> | ; | - | NOSC<1:0> |
bitl5 14 13 12 11 10 9 bit8
R/W-0 R/W-0 R-0 U-0 R-0 U-0 R/W-0 R/W-0
| POST<1:0> | Lock | - | CF | ] |[LPOSCEN| OSWEN |
bit7 6 5 4 3 2 1 0]1(0]
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MicrocHiP  Oscillator Configuration Register

Zontrol.

o FOSC
> FCKSM<1:0> = Clock Switching Mode Selection

» FOS<1:0> = Oscillator Source Selection on POR
> FPR<3:0> = Primary Oscillator Selection bits

U U U U U U U U

. - -+ -t -+ -+ -+ - § - 7}
bit23 22 21 20 19 18 17 bit16
R/P R/P U U U U R/P R/P

| FCKSM<1:0> | - | - | - | - | FOS<1:0> |
bitl5 14 13 12 11 10 9 bit8
U U U U R/P R/P R/P R/P

. - ! -+ - § - | FPR<3:0> |
bit7 6 5 4 3 2 1 bit0
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MicrocHiP  Oscillator Configuration Register

Zontrol.

o FOSC
> FCKSM<1:0> = Clock Switching Mode Selection

» FOS<1:0> = Oscillator Source Selection on POR
> FPR<3:0> = Primary Oscillator Selection bits

U U U U U U U U
. - -+ -t -+ -+ -+ - § - 7}
bit23 22 21 20 19 18 17 bit16
R/P R/P U U U U R/P R/P
| FCKSM<1:0> | - | - | - | - | FOS<1:0> |
bitl5 14 13 12 11 10 9 bit8
U U U U R/P R/P R/P R/P
. - ! -+ - § - | FPR<3:0> |
bit7 6 5 4 3 2 1 bit0
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MicrocHiP  Oscillator Configuration Register

Zontrol.

o FOSC
» FCKSM<1:0> = Clock Switching Mode Selection

» FOS<1:0> = Oscillator Source Selection on POR
> FPR<3:0> = Primary Oscillator Selection bits

U U U U U U U U
. - -+ -t -+ -+ -+ - § - 7}
bit23 22 21 20 19 18 17 bit16
R/P R/P U U U U R/P R/P
| FCKSM<1:0> | - | - | - | - | FOS<1:0> |
bitl5 14 13 12 11 10 9 bit8
U U U U R/P R/P R/P R/P
. - ! -+ - § - | FPR<3:0> |
bit7 6 5 4 3 2 1 bit0
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MICROCHIP Setting FOSC

Zontrol.

o Use the config _ FOSC macro defined in the
pP30f6014.inc file

> For Example:
config _ FOSC, CSW_FSCM _ON & EC _PLLS8

OR

o Use the Configure > Configuration Bits dialog Iin
MPLAB® IDE
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MICROCHIP Clock Switching

Zontrol.

o Clock switching can assist you manage overall
device performance, mWatt/MIPS

o Switch between device oscillator modes for:
> Maximizing CPU throughput

> Minimizing device current draw

o Can not switch directly between PLL modes
> Switch first to the FRC Oscillator then to new PLL

o Code execution continues during clock switch
sequence
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AT T Clock Transition Timing
Sontrol Diagram

NEI;_” SC;”;CE New Source Old Source
nable Stable Disabled

l l

Old Clock Source 12 34567 8 910

New Clock Source

System Clock

OSWEN

js—Both Oscillators Active
|

Note: The system clock can be any selected source — Primary, Secondary, FRC or LPRC.
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MicROCHIP Performing a Clock Switch

Zontrol.

o Ensure Clock Switching Is enabled
> FCKSM bits in the FOSC configuration register

o When clock switching is desired
> “Unlock” the OSCCONH byte
> Write to the NOSC bits in OSCCONH
> “Unlock” the OSCCONL byte
> Set OSWEN bit in OSCCONL
> Wait for OSWEN bit to be cleared

v If OSWEN is not cleared then abort the clock
switch by clearing OSWEN
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MICROCHIP OSCCON Unlock Sequence

Zontrol.

DISI #14 ; disable level 0-6 Interrupts
mov.b #0x??, w0

mov #OSCCONH, wl

mov  #0x78, w2 :

mov  #OX9A. w3 Required Sequence!
mov.b w2, [wl

mov.b w3, [wl]

mov.b wreg, OSCC ; 1 cycle window for byte write

; low byte unlock sequence and initiate some action
mov #OSCCONL, wl

mov.b #0x??, w0

mov  #0x46, w2

mov_ #0x57, w3

mov.b w2, [wl
mov.b w3, [wl]
mov.b wO0, [wl]

Required Sequence!

; 1 cycle window for byte write
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MICROCHIP Fail-Safe Cl_ock I\/Ionitor_(FSCI\/I)
Control for Reliable Operation

o What happens on Osclllator Failure?

> Device switches automatically to the FRC oscillator if
FSCM is enabled

v FSCM controlled by the FCKSM bits in the FOSC
> Oscillator Failure Trap Is generated

> Code execution vectors to the Oscillator Fail trap
handler, if one exists. Here the application should:

v Clear the Clock Falil bit, CF, in OSCCON
v Clear the OSCFAIL trap flag in INTCON1
v Execute a RETFIE
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MICROCHIP
Zontrol.

Hands-on Lab #3
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MICROCHIP Code Requirements -

Zontrol.

Lab 3 Part 1

o Develop code for INT1 - INT4 interrupts:

>

>

>

>

INT1 Interrupt - Clock switch to ECxPLLS
INTZ2 Interrupt - Clock switch to FRC
INT3 Interrupt - Clock switch to LPRC

INT4 Interrupt - Toggles Post-scaler between
“divide by 1” and “divide by 4” modes

o Develop OSCCON SFR write sequence code

>

Required to command a clock switch

o In all there are 21 lines of code to write !
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MicrocHIP Objectives - Lab 3 Part 1

Zontrol.

o Understand clock switch code sequence

o Implement a few more Move Instruction
types:
> Byte addressing mode
> Word addressing mode
> |Immediate addressing mode

o Understand clock selection on POR and
MCLR

o Understand what happens when the desired
new oscillator Is non-existent or has failed to

Start
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MICROCHIP Code Requirements -
Sl Lab 3 Part 2

o Develop code for Osclillator Failure Trap
handler:
> Perform a fast context save of WO - W3

> Develop OSCCON SFR write sequence code to
clear the CF bit in the OSCCONL byte

> Clear the OSCFAIL trap flag bit in INTCONL1

o In all there are 3 lines of code to write !
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MicrocHIP Objectives - Lab 3 Part 2

Zontrol.

o Understand how often the PUSH.S and
POP.S instructions may be used in an
application

o Understand device operation in the event of
a clock failure
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MICROCHIP
Zontrol.

Output Compare Module
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MicrocHIP Output Compare Module

Zontrol.

o Up to 8 Output Compare / PWM Channels

o Simple Compare Mode:
» 16-bit Compare
» Resolution = Instruction Cycle
> Set, Reset of Toggle Pin

o Dual Compare Mode:
> Single Pulse
» Continuous pulse

o Timer 2 or Timer 3 as time-base
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MicrocHIP Output Compare Module

Zontrol.

o PWM mode

16-bit glitch-less (double buffered) PWM output
Full range of 0 to 100% duty cycle

Wide frequency range (very low to very high)
Selectable PWM shutdown on fault detection

Y V V VYV

v This Is an shutdown
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MICROCHIP OC PWM Mode

Zontrol.

__________________

OCx ‘ | — | i | i
On timer period match
OCx set
OCXRS copied to OCxR
On OCxR match OCxRS
OCXx clear
OCxR
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MICROCHIP
Zontrol.

Input Capture Module
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MICROCHIP Input Capture

Zontrol.

o Up to Eight Input Capture Channels

o Captures 16-bit timer value
» At 30 MIPS resolution = 33 ns (Tcy)
> At 30 MIPS with 16x pre-scale = 2.1 ns

o 4 deep buffer for each capture input
> Interrupt on 1- 4 capture events
> FIFO buffer overflow status

> FIFO buffer empty status
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MICROCHIP Input Capture

Zontrol.

o Timer 2 or Timer 3 as timebase

o Capture on:

> /N edge

> v edge

> Every 4th 1™ edge

> Every 16th N edge

> /N edge and ¥ edge
v Very useful for pulse and frequency measurement
v Interface to hall sensors for rotor position feedback
v Autobaud support for UART communications
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MICROCHIP Input Capture
control.
% Prescaler
N CouPter e Deliggteion

Logic and Sync

\4

Module

TMR2 TMR3
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ICXF

ICxBUF

D —— >

Interrupt Flag
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MicrocHiP  [nput Capture Control Register

Zontrol.

o ICXCON
> |ICSIDL = Stop in Idle mode

> ICTMR = Time Base Select for Input Capture
> |ICI<1:0> = Capture events per Interrupt select
> |ICOV = FIFO buffer overflow status
> |ICBNE = FIFO buffer Not Empty status
> ICM<2:0> = Input Capture mode select
U-0 U-0 R/W-0 U-0 U-0 U-0 U-0 U-0
. - - tuwecsor | - | - I - | - [ - |
bit15 14 13 12 11 10 9 o][¢3]
R/W-0 R/W-0 R/W-0 R-0, HC R-0, HC R/W-0 R/W-0 R/W-0
| ICTMR | ICl<1:0> | 1Icov | ICBNE | ICM<2:0> |
bit7 6 5 4 3 2 1 bit0
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MICROCHIP Input Capture FIFO

control.
o 4 deep buffer for each capture input \
o Interrupt on 1-4 capture events N Ao
o FIFO buffer overflow status \ 4
o FIFO buffer empty status \/
[ —r
ICXCON SFR
- [ - JicsbL | - - 1 - - 1 - |
bitts 12 13 2 1 10 5 bite
| ICTMR | ICI<1:0> | 1Icov | ICBNE | ICM<2:0> |
bi7 6 5 4 3 2 ) bi0
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MICROCHIP Input Capture FIFO

control.
o 4 deep buffer for each capture input \
o Interrupt on 1-4 capture events N A—cmr
o FIFO buffer overflow status \ 4
o FIFO buffer empty status \/
[ —r
ICXCON SFR
- [ - JicsbL | - - 1 - - 1 - |
bitts 12 13 2 1 10 5 bite
| ICTMR | ICI<1:0> | 1Icov | ICBNE | ICM<2:0> |
bi7 6 5 4 3 2 ) bi0
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MICROCHIP Input Capture FIFO

control.
o 4 deep buffer for each capture input \
o Interrupt on 1-4 capture events N Ao
o FIFO buffer overflow status \ 4
o FIFO buffer empty status \/
[ cn—
ICXCON SFR
- [ - JicsbL | - - 1 - - 1 - |
bitts 2 15 2 11 10 9 bie
| ICTMR | ICI<1:0> | 1Icov | ICBNE | ICM<2:0> |
pit7 6 5 4 3 2 ] bi0
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MICROCHIP Input Capture FIFO

control.
o 4 deep buffer for each capture input \
o Interrupt on 1-4 capture events N Ao
o FIFO buffer overflow status \ 4
o FIFO buffer not empty status \/
[ —r
ICXCON SFR
- [ - JicsbL | - - 1 - - 1 - |
bitts 12 13 2 11 10 5 bite
| ICTMR | ICI<1:0> | 1Icov | ICBNE | ICM<2:0> |
bi7 6 5 4 3 2 ) bi0
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MICROCHIP Input Capture FIFO

Zontrol.

TMR2 TMR3

o 4 deep buffer for each capture input \ \

o Interrupt on 1-4 capture events S A

Y
V

ICXBUF

o FIFO buffer overflow status

o FIFO buffer empty statu

FIFO

L - [ - ~licsoL | - - -7 - - ]
bitl5 14 13 12 11 10 9 bit8

| ICTMR | ICl<1:0> | 1Icov | ICBNE | ICM<2:0> |
bit7 6 5 4 3 2 1 bit0
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MICROCHIP
control. ABAUD
1icx X / 0

UART Block Diagram

To Input Capture

v
=

LPBACK

Logic

Module Control /
Error Handling

Baud Rate e
Generator Divider
o] RSR —
Load RSR to
Buffer PFE
RCXREG '

LIN Bus
Support
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Parity
Gen.

A

Error Status

{ TSR

Load TSR ﬁ

TXXREG
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MICROCHIP
Zontrol.

Hands-on Lab #4
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MICROCHIP  Code Requirements - Lab 4, Part 1

Zontrol.

o Configure IC6CON

> Interrupt on 4 captures
» Capture on every rising edge
> Select Timer 3 for timebase

o Within Interrupt Handler
> Move all FIFO buffer contents to wO - w3
> Compute average frequency with DIV Instruction

o In all there are 11 lines of code to write
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MicrocHIP Objectives - Lab 4, Part 1

Zontrol.

o Develop basic understanding on Input Capture
> Implementing FIFO buffer

» Capture on every rising edge is useful for
measuring frequencies

o Continue using Instruction set
> MOV Instruction
> DIV.UD Instruction
> REPEAT Instruction
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MICROCHIP  Cde Requirements - Lab 4, Part 2

Zontrol.

o Configure IC6CON

» Capture on every edge

> Select Timer 3 for timebase

o Within Alternate Interrupt Handler

> Move two FIFO buffer contents to wO and w1l
> Compute difference of time with SUB Iinstruction

o In all there are 8 lines of code to write
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MicrocHIP Objectives - Lab 4, Part 2

Zontrol.

o Continue working with Input Capture module
> Read FIFO buffer

» Capture on every edge Is useful for measuring
pulse width

o Continue using Instruction set
» MOV instruction

> SUB Instruction
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MicrocHIP Objectives - Lab 4, Part 2

Zontrol.

o Define Alternate Input Capture ISR
> Move first capture event to ram variable
> Move second capture event to ram variable
» Compute difference between capture events

o Adjust RP1 and view LCD
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MICROCHIP
Zontrol.

Program Space Visibility - (PSV)
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Microciir Program Memory Organization

Zontrol.

o Three methods for accessing PS words
> Via the 23-bit PC
> Vvia Table instructions (TBLRD and TBLWT)

> Mapping a 32 KB segment of PS into the data
memory address space

(a.k.a. Program Space Visibility, PSV)
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Microchip  Data Access from PS using
Control. Program Space Visibility

o 32 KB segment of PS may be mapped into the
data memory address space
> If PSV bit (CORCON<2>) is set and If EA<15> =1
then data is accessed from PS

> PSVPAG (Program Space Visibility Page register)
supplies the upper byte for the 24-bit PS address

Select
I EA<14:1>
| o I PsvPaG<T:0>

\L ) 8-bits 2 15-bits

e Y
User Space only 24-bit Effective Address Byte Select
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MICROCHIP Data Access from PS using
<ontrol. Program Space Visibility

o Only lower 16-bits of PM location can be
accessed via mapping

> Upper 8 bits should be programmed for an illegal
Instruction or contain a NOP

NOP or Illegal Op Word accessed using PSV Mapping
:\ 8-bits - 16-bits /
Y
lllegal Op Code = Ox3F 24-bit PS Word
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MicRoCHIP Defining Constants for PSV

Zontrol.

-Define constants 1n PM
.section .myconst, ''r
MyConstString: .asciz “Northern Star”

What Is the “r” attribute?

> Read only section dedicated for use in PSV
window

> Linker will not allow read-only section to cross
PSVPAG boundary

v Boundary = 32 KB
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MICROCHIP PSV Addressing:
Control. Assembler operators

o Special Assembler operators
> #psvpage and #psvoffset

;Initialize Page Boundary SFR

mov #psvpage(MyConstString), w0
mov w0, PSVPAG

;Initialize PSV page EA<15:0> pointer
mov #psvoffset(MyConstString), wO
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MicRocHIP PSV Addressing: Example

Zontrol.

o Enable PSV
> bset CORCON, #PSV

Example of reading two words from PSV window
mov [wO++], w3 ;Read PM word minto w3

mov [wO++], w4 ;Read next PM word into w4

Example of reading two bytes from PSV window
mov.b [wO++], w3 ;Read PM byte 1nto w3

mov.b [wO++], w4 ;Read next PM byte
;into w4

© 2005 Microchip Technology Incorporated dsPIC Assembly & Peripheral 238



MICROCHIP Runtime Library

Zontrol.

o Become familiar with run-time libraries

o Run-Time Library crtO.s
> Data Initialization routine included

o Run-Time Library crtl.s
> No data Iinitialization
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MICROCHIP
control

Special Operators

o Accessing data in PM

o Obtain PM address of constant or symbol

o Obtain handle to PM address

thloffaet (name)
pavVpages (name)
pavoffaet (name)
paddr(label]

handle{label)

© 2005 Microchip Technology Incorporated

(et page for fable read/write operations

Gat pointer for table read/write operations

(et page for PV data window operations

Gat pointer for PSV data window operations

(at 24-bit address of Jabel in program memory
(at 16-bit referanca to Iabel in program memaory
Gat size of section name in address units

(et starting addrass of section name
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MicrocHip Data Access Overhead using
control. F) SV

o PSV data fetch overhead:
> Outside a REPEAT loop:
v Data move ops, overhead = 1 cycle
v ALU based ops, overhead = 2 cycles

> Within a REPEAT loop:
v Data pipelined, so overhead for all ops = O cycles
v First & last iteration - data pipeline fill/flush
o Data move ops, overhead = 1 cycle
o ALU based ops, overhead = 2 cycles
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MICROCHIP Usefulness of PSV

Zontrol.

o PSV allows very large tables of data to be stored
and accessed quickly & efficiently

o PSV provides a bridge to a common data/program
address space (Von Neumann) but only when
needed

o Example: Using PSV for digital filters (FIR)

> Filter coefficients stored in PS
» Saves valuable SRAM

> Minimal performance impact
(2 cycles/filter iteration)
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MICROCHIP
Zontrol.

Hands-on Lab #5
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MICROCHIP  Cde Requirements - Lab 5, Part 1

Zontrol.

o Implement special PSV Assembler operators
> Initialize PSVPAG
> Initialize Page Offset Pointer

o Configure CORCON to enable PSV

o Copy PSV window string into DM
> Use data move byte instruction

o In all there are 7 lines of code to write
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MicrocHIP Objectives - Lab 5, Part 1

Zontrol.

o Understand basics on using PSV window
PSV String Definition

Enable PSV

Assembler operators

PSV data access

PSV data access overhead

Y V VY V V
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MICROCHIP  Code Requirements - Lab 5, Part 2

Zontrol.

o Open lib5.inc file and set the following:
> .equ LAB5 PART], 0
> .equ LAB5 PART2, 1

o Optimize PM to DM string copy routine
> Reduce 5 instructions to 2 instructions
> Use hardware loop type instruction
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MICROCHIP
Zontrol.

Thank You
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